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Figure 1 Application of photo cross-linking; photo lithography, shape memory and drug delivery
reported by Schlogl, S. et al’, Yang, K. K. et. al® and Xie, Z. G. et al'#, respectively.



ARG ST T4 4 FETHERR SN D,

B ETITESKIKEHERE (EPD) B2 AW a8 2 &R ERica—T o7 L, )
BRI X D a—TF 4 v TOHRBERE O ARk AT, BB E R D ES FITERR Y
A ST ZX (ADMET) EAIZ L FHIOCOSMEE (CZEMES) 2FT2R) AT LA
IR EERR LT,

52 ECIIAEBE T Ty ZILESEN LR S D X 7 v FE S B E DBV E
PO a2 ATz, HEERT% O X 7 o il B E O Z (b L OBE EMOFHmIZ/MG X
FRECEL (SAXS) HIE % W CTHllA L7z,

BI3IWETILABA N 7 ey 7 HEEERNOERINDLITT A h~v—IZB W\ T, 77 AR
A RAA UNOKRZAEPIMEIC G 2 D8 PAE U, ZRGRIH% OB MEE 2 A U7k
Fo T AR A RAAL ONBEGEVER B 81D H T AEBAEE B E 5.2 5 & ) BBk
RV IRZIAY ISV ghy st

B A4FETITABA N 7y R T X h~—0 B $HlZ2RFTICHINET 52 & TY
PED W) b 2R A T, JEEEERTE O 1 FHIME 2 5 BRI X 0 3 L, L2 E O R % i
L7,

* ZE LR

[1] Wu, L.J.; Tong, W.Y.Y.; Zhong, Y. C.; Wong, K. S.; Hua, J. L.; Haussler, M.; Lam, J. W. Y.;
Tang, B. Z., Appl. Phys. Lett. 2006, 89, 191109.

[2] Chen, X.Z.; Li, Z. W.; Cheng, Z. X.; Zhang, J. Z.; Shen, Q. D.; Ge, H. X_; Li, H. T., Macromol.
Rapid Commun. 2011, 32, 94-99.

[3] Sun, G. R.; Cho, S. H.; Yang, F.; He, X.; Pavia-Sanders, A.; Clark, C.; Raymond, J. E.;
Verkhoturov, S. V.; Schweikert, E. A.; Thackeray, J. W.; Trefonas, P.; Wooley, K. L., J. Polym.
Sci., Part A: Polym. Chem. 2015, 53, 193-199.

[4] Lim, K. S.; Galarraga, J. H.; Cui, X. L.; Lindberg, G. C. J.; Burdick, J. A.; Woodfield, T. B. F.,
Chem. Rev. 2020, 120, 10637-10669.

[5] Manhart, J.; Ayalur-Karunakaran, S.; Radl, S.; Oesterreicher, A.; Moser, A.; Ganser, C.; Teichert,
C.; Pinter, G.; Kern, W.; Griesser, T.; Schlogl, S., Polymer 2016, 102, 10-20.

[6] Li,J. H.; Lewis, C. L.; Chen, D. L.;. Macromolecules 2011, 44, 5336-5343.

[7] Wang, K. J.; Jia, Y. G.; Zhu, X. X., ACS Biomater. Sci. Eng. 2015, 1, 855-863.

[8] Xie, H.; Cheng, C.Y.;Deng, X.Y.;Fan, C.J.; Du, L.; Yang, K. K.; Wang, Y. Z., Macromolecules
2017, 50, 5155-5164.

[9] Wang, K. J.; Jia, Y. G.; Zhao, C. Z.; Zhu, X. X., Prog. Mater. Sci. 2019, 105, 100572.

[10] Potta, T.; Chun, C.; Song, S. C., Biomacromolecules 2010, 11, 1741-1753.

[11] Zhao, Y.; Tremblay, L., Macromolecules 2011, 44, 4007-4011.

[12] Yassin, M. A.; Appelhans, D.; Mendes, R. G.; Rummeli, M. H.; Voit, B., Chem.-Eur. J. 2012,
18, 12227-12231.

[13] Kuang, H. H.; He, H. Y.; Hou, J.; Xie, Z. G.; Jing, X. B.; Huang, Y. B., Macromol. Biosci. 2013,
13, 1593-1600.

[14] He, H. Z.; Ren, Y. R.; Dou, Y. G.; Ding, T.; Fang, X. M.; Xu, Y. Q.; Xu, H.; Zhang, W. K_; Xie,
Z.G., Rsc Adv. 2015, 5, 105880-105888.



%=

FBRRYT A X2 R (ADMET) ESICLDIEA F M4

RNY Z AT NVANVE L DERKE BIKENHERE (EPD) IRDONRE



1.1 #¥s

A TEBE T E LT a—T 4 7T HHEINO—DITEKIKEHERE (EPD) E1H 5,
Z OHANE, B FR A AR S BT IRIR P ICEM A RE S, BRARIA T 5 2 & Thi+
DNEERRIT [~ & kB L, IR BICa—T ¢ VTIPSR SN D &) FIETH S, EPD
BTk 2 IR OB OREIZH L TH—Ra—T 4 VI RARETH L Z L, BESHE
BRI X 2 CRARFEERIENTTRETH D 2 &, EHEFE - fEica—T 4 V7 BNARETH
L7 EREA AR ERA LTS, TDH, EEEICHEEO FHIEBY 28 L LTRIHINT
Wb, LU, EPDIEZAT O BRICITRI T3 BT A MENH H 720, BE D134 A &
DR ONTEY, HE kD b Tnsd,

YR E T, EEPICANVE=AVEEGETHR Y 2 AT VAV K U BNIEA T METH
HICHBP BT, EPD EICE DT/ — BRI —T7 4 U IENER S 2 & 2WE
L7z Y(Fig. l.1a)y DA A=A LIZONTIE, RO X ITHESNTWD, SBIRTICT v
a—NLERANWDHZ LT, AL UMERY~—LTva—L (Fa b MHRE) O 4 -H
WA AERIC L 2ER _EE (EY i) O THILS (Fig 1.1b), BHFIE FTixy
B SR T O 7T v kMR OE Sy BB S ES AL AR =V & O BIREUFEAAERIZ LD
RIS Z L TERKEINNM LIS 2 FORR, ER_EENT / — MIlZERK
L., A A MR ~—DEERCHRE SN D, BIFERETIE, RNY AT VEHO /R
5. R APV RYURAFZZ VL —h4 RUDTLEZLSREICAVR=VERA
THIEAA MR ~—TH EPDIEICL D a—TFT 4 7 FT5Z LI LTS, AU A
XV ATEREAME, BY A X7 Y L— MIBHME, RY T L AXEWOHENE - Bk
BRFER 2N ERALEZA L TRBY ., a—7 ¢ > 7 O¥EENER KOS H O mTREM: % fiiE
THZELICHLER-T,
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Figure 1.1 (a) Schematic of EPD for non-ionic poly(ester-sulfone) and the picture of electrodes
after anode-selective EPD coating. (b) Schematic of a charged non-ionic polymer colloidal
dispersion in protic solvents.

AW TIE, & 5725 EPD IEOMBEMEDILIEZ KT 572012, TR2EE ) Ik ba—7
# v TTEOHBERE O EA2 B Uiz, REUEICHE B LB BIE, =T - EREH C2UE %
METZEDRARETHY , B L DWBMOER 2 ZENTELTZHOTHDH, T T, B
By & U CRIAEYEEAL & 72 2 “HiEA 2 EHPICHE T D R EfMAR Y = 27 )L ALk
EER LTz (Fig. 1.2), ARCFES LTI, FIDICIHERIRT = A Z &£ X (ADMET) HE
WCEOARAFIR Y 2 AT VAN T 4 REffl, AZEVABEBSTHELNLLRY v—0EH
FIZIX T EHEAEAT 720, REAMARY 22TV E55-0I@EY 2 FEE L VWR 5,
INFETIZ, ADMET EAIC L VR = RFT 067 R A7 4 KR89 KYHP L7 7 A K10
DEFRIIATONTEEN, KUY AT LAV T ¢ RESK LT WEENZ72 N, ADMET E4
WEESRERBHT, AV T 4 RERALR AT Y VBT 52 L TR TH AR
U AT VAR 28512, 0T S lE a BIsICEM L, 7rva—La2iz b
Z L THOBIRENERL L=, Z D5 EE %2 AT EPD %179 Z & TEBERICAREMA Y —
ATNVANR e a—T 4 7 Ulc, D%, a—7 4 7 LT UV B2 BT 5 2
EIZE D FRITCHEEE A b U, BEOFIBETREE O k25 A7,
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Figure 1.2 Chemical structure of unsaturated non-ionic poly(ester-sulfone), and schematic of
photo cross-linking for the EPD coating film by UV-light irradiation.
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1.2.1 AEBIOEE

2,2’-thiodiglicolic acid [ R AL AlAEHE (TCD)]. 3,3 -thiodipropionic acid (TCI), 10-undecene-1-
ol [FIYEAISE T34 HL (Wako) |, A Y o —HiilgHE b 54 (Oxone®) (Wako), # 1 A7 Z
7 AfitE (Aldrich), 25 2 1% 277 7 A filuft (Aldrich), Scandium (III) trifluoromethanesulfonate
[Sc(OTh)] (Wako) 1ZZ D F F V=,

'H NMR |7 1% Bruker #-:% DPX-400 (400 MHz) % W C=IE F CTiT o7z, TOEE, 7 b
TAFNY T EREREYE (0 ppm) & L CTHWE, EOPS 8 My 8L OV +&010
My/My) 1394 XPER7 v~ 7T 7 4 =12k > TRl L7z, AR 7138 Y — 8L DP-8020
B AT BEE Y —#8 TSK-gel 0-3000 & a-5000, A& H g H Y —F#E8L RI-8020 2 Z 1
W=, 77 KR 40 °C, BRI IE CHCL 2 HVy, it 0.35 ml/min CHIEZ1T >
77

122 E/)<=—0DERK

2,2’-thiodiglicolic acid (2.3 g, 15 mmol), 10-undecen-1-ol (10.2 g, 60 mmol), Sc(OTf); (0.74 g,
1.5 mmol), B Ru¥ /> (0.15 g 1.34x103 mmol) ZF A7 7 2 2|Z/1x T 60 °C TH—1k
SH72%, 60 °C, 6 kPa i/t N T 12 FFHIBUGC S BTe, e, 7 e rAR/L A THIRL, f
TRIEAKFET B U U LIKEIE T 5 B Lic, iRlC, BT L7~ 7T 74— (B~
Fv i ~FH Ly = 1:25) TERLY % Z & T di(10-undecenyl) thiodiglycolate (M1) % 457= (X
H 66.9%), F7=. 2,2’-thiodiglicolic acid % 3,3’- thiodipropionic acid 2% 2 TR D FIETEH
% %47\, di(10-undecenyl) thiodipropinate (M2) %572 (U¥3K 63.7%)

1.2.3ADMET E&

Ml F7203 M2 % | BRRIE T CEEBICL D ATV 7425 2 L CIEFERSE 2 L0 B
7o ZVALRIA LT a Ly VBT ) v —E 75 T A5 222 T CNA -, &5
TCTHEAZIToTZ;, 2 F L= —T V& NZ CUNZEIE LTz, BB nakv
I BRI A X ) — NV E D CHILBR R 21T - 72,

1.2.4 Oxone Bt

PM2-sulfide (M, = 11.9 X 10%) (0.20 g, 0.39 mmol repeating units) % 2 2 27K/ A 4.6 ml (23
fig L1z, & 212, Oxone® (0.40 g, 0.65 mmol) Z¥RM L7z, FIL T T HEKEK, DR
AL, TARL—F—IZ KRN LT, BEENZ 7 v a kL b BEEIZKZ VT
FILBOERLA1T 5 Z & T PM2-sulfone 24572 (XK 82.1%),

1.2.5EPD &

PM2-sulfone % 7 2 274 /L A 0.7 ml IZEEfE%, 1.3 mlOT7 va— Lz Mzx 252 & ThHliR
AP L=, AT 2L A-AF—H (SUS301) % 40 mmx15mm=0.2mm (T L, Zh%
MRS L, MBI Z 5.0 mm 2/ DRI o8k 2 12 S &, EEREE
ZRWT 90 BRIEI AT Lic, D%, @B E DBIRPGED H L, SBRICHER L
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1.2.6 RZEF/L 7R by FRBR

SUS 301 (ZHEFE L 7= PM2-sulfone |2 UV Y (300 W,365nm) % 10 /0[RS 2 = & CTHe4e
WahE L7z, BEORBERE XY v 25 v Faklk (JISKS5600) 12X W FHA L=, UV LREH]
BOREBREICENTENT v X —F A 72 HNT, FHITET D 11 KOV 521 B H
ST, TOBE, o H—HA REMEHL T HEOMEREIE 1Imm & Lz, EEH DI
HHT — 7 E2Mm JEE S, 5 HLUNICT — 7 D% 60°12 VAT 0.5~1.0 B Tol & #
M U7, BIZEN LT —7 OREBEZBIET 5 2 & TREOFIBERRE 2 5840 L 7=,
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1.3.1 E/~=—0DERK

ANT 4 REFATHIT U E ) ~v—" D HNREE TV a— L ORKENIT X0 ARk
L7= (Scheme 1.1), 7 /v a—LZEWT L /L8{% H 3 % 10-undecen-1-ol & FV 7= BT,
TATNHEL TEHEGOBOT VX VENEN EADBBEERIC LY ADMET HEA M
ITLRNWTEDTHD O ANT 4 REZATIVEORIZAF LN 1 2HDHE /) ~— (M)
LE2oHBE)v— (M2) ENZENEM LTz, Fig. 1.3 ® 'HNMR A2 kLTI HKY)
O7 v b E—I QRPN 0D, RiliEEERVWE /) ~—EEFTNEThiED
T EMNTE,

Scheme 1.1 ADMET polymerization and oxone oxidation
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Figure 1.3 *H NMR spectra of (a) M1 and (b) M2 before and after ADMET polymerization.



1.3.2 ADMET E&

ANT 4 REFEY T E ) ~—ML & M2 O ADMET EA&HE 5% Table 1.1 (2R L7z, filili
I — T 7 AL & 721358 iR 77T 7 A il A 72, EASFE 3 mmHg
J£ T, [Mlo/[cat]o = 500/1, 60 °C TITo7c, F7o. ISR D 12 FEfH, 36 FREfE#LE
(il (M]o/[cat.Jo = 500/1) ZHr7=2z, 48 BE TG & Ik 7z, Fig. 1.3 X0 M1 & M2
EHLLHE ) v—HKO EELGOTr hror—2 (5.0ppm,5.8ppm) MRS L, KU~
—Hko “HEAOTE FrOE—7 (5.4 ppm) BEFTZICHBEIL TV ENBRY v —
DE R MR LT,

Table 1.1 ADMET polymerization results of M1 and M2?

Monomer Grubbs’ Catalyst  Time (h) M 107 M_M}"
12 0.6 1.2
1 st generation 36 0.9 1.1
44 0.9 1.1
MI 12 0.9 1.2
2nd generation 36 1.2 1.3
45 1.7 1.4
12 1.1 1.2
| st generation 36 1.4 .4
48 1.6 1.5
M2 12 1.8 1.5
2nd generation 36 3.4 1.8
44 T.6011.9F 4.3(3.4)

aBulk polymerization under reduced pressure (3 mmHg); [M]o/[cat.]o = 500/1; 60 °C; catalyst was
added at the start of the reaction, after 12 h, and again after 36 h for the longer runs. *Determined
by GPC in CHCIs; using polystyrene standards. ¢After reprecipitation.
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Figure 1.4 SEC traces of PM1-sulfide and PM2-sulfide after ADMET polymerization using
Grubbs’ catalyst 1st (black) and 2nd (red) generations for 48 h.
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1.3.3 RYUZTATFIVAIVE Y DERK

1.3.2 #i T b7z PM2-sulfide (M, = 11.9X10%) % 7 ok /L AR C 9 AREIAF Y
fe{t9 % Z & C PM2-sulfone %437 (Scheme 1.1), Fig. 1.5 ® 'HNMR A~XZ hLCli, 4%
VUBRBIZ LY 2.6 ppm & 2.8 ppm IZABLILD ANT 4 RICHE LT ATF LU Ko7 m b
B BRI L, 2.9-3.4 ppm (A VK= VERICHEE LT ATF Lo DT e hoE—7
NHB LTZ, ZORENS, ETOANLT 4 RNBEIZANVK AL ESNT-Z L 2R T
=7,

[=]
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b
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Figure 1.5 *H NMR spectra of PM2-sulfide and PM2-sulfone.

SEC #I7E & © PM2-sulfone 13 My = 10.0X10° CTH v, B(LATD/ T2 (Ma = 11.9X10%) &
KERFEZHALNIRD T2 (Figle), ZOREEND, A% Y L HICHI ISR AT
TV L &R LT,
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— PM2-sulfone

Elution time {min)

Figure 1.6 SEC traces of PM2-sulfide and PM2-sulfone.
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1.3.4 EPD EDVER

PM2-sulfone % DMF [Z{&fiE L. # ZIZAEE L LT MeOH, EtOH, n-BuOH % Z 124U
25 Z L Thlik AR L 7= [DMFlalcohol (viv=1/2)], ZiL 5 D431 Fig. 1.7 D X 5
(BB A R AT o L AR ARIE S, 250 V T 90 BREER AR L, 7/ — K
HAR OB E L HefEE IHER OE % Table1.2 (278 L7z, MeOH & EtOH TldAtk iz PM2-
sulfone D1 —F ' IR BHNT=7N, n-BuOH TIXERN KN T, a—F 4 T 1THA L
MoTmy ZHUE. n-BUOH LD 2 O T v a— L b s U CEHEERNMENZHTH Y . -
U~w—L TN a— /LY ERENIER _EENEXRKE L2272 E 2R LTW5D,
MeOH & EtOH ©7 / — REMROGEETIL, EH 0 L RHEPHVIRETCa—T 1 7 &1 T
WD ZENDND, ENELET D7D, DHURICHER LT\ A4 2558 L CHE EPD
1To77,

Figure 1.7 The picture of EPD.

Table 1.2 EPD of DMF/alcohol (v/v = 1/2) polymer dispersions on stainless steel electrodes?

yor solvent anode state deposition initial current
poor solve ode state (mg/em?) (@A)

MeOH 3.1 4.6
n-BuOH 0 0.1

aThe distance between electrodes was 5 mm, and the deposition time was 90 s.

12



EAE% DMF 206 CHCI 128 L, AIEELIZ MeOH % VW ClRIBk DS C EPD %17~
TofbR, REPEDNRA—T 4 U7 REZRRSE 5 Z &I P LT (Table 1.3), Ziuix
PM2-sulfone 7% DMF X Y CHCls O 5N EEVEICEN TVt B2 bhd, £,
Y — REBICREI OHERE N I B 7 v o 72 2 L v . PM2-sulfone %7/ — RiEIRAJIZ =2 —

T4 THI LIS LTz, 62, BEE#RLS T 5 LT/ — NEROHEREEITHIN
L7z,

BIEDRIHIC LY PM2-sulfone DHEFEEDHIFHAAIHETH D Z L AVRBR I Tz,

Table 1.3 EPD of CHCls/methanol (v/v = 1/2) polymer dispersions on stainless steel electrodes?

voltage deposition deposition  Initial current
run .= anode state P s cathode state p )
(V) (mg/cm”) (mg/cm”) (mA)
. . 0.5
; . . :

aThe distance between electrodes was 5 mm, and the deposition time was 90 s.
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1.3.5 MZEMEIZ X 5 EPD EEDREAL

PM2-sulfone [ZEEHFIC “HEEEZA LTS, UV HBHEICL Y oo “EiEES
[ CHZERE M TN 5, FEAE D A7 EPD B2 UV )t (365 nm) % 10 43 [EIMRE4 2 =
ETOHEEE AN LT, 7 1 A Ky FRER (JIS K5600) (2L Y UV XRREETH D EPD D H#
BB T 2 304f L 7= (Fig. 1.8a), Fig.1.8b,c 1L EPD 6T —7 2 HN L2 DT — 7 DEE
L TCWD, UV EIBERTTIET — 71T EPD A < 15 L TV A DIk L, UV SERRES
B TIXIFIEMNE L T e o T2, Z ORI 5  PM2-sulfone X UV SERREHZ K U PM2-sulfone
Dy FRITHEEGHETT D & T, BEOHBEREZ M LS LTI LIZE Nz b,

Figure 1.8 (a) The schematic of the cross-cut test. The pictures of tape peeled from coating films
(b) before and (c) after UV-light irradiations.
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14 &5

TP EREA R AT LA A MR Y AT VALK& ADMET &AL 4F Y v
MILIC LV E L, B RY =X F LA R T EPD I L0 &R MR Ic S —c =
—T 4T LT, T, 2D a—TF 4 VI UV ERFT 52T A AT LR
JVIR O ZEGG R TR T U IRORBER L 217 ESE 5 2 LIS Lz, A
FTHELNIAERIT, EPDIEDOHBOYERIZKE <HBKNT D 2 L 03 ifFT& %,
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2.1 ¥

HWICIERRTE 2 D DAY S5 7 v 7 IE BRI B oy B O R AT 7712 0E U TR
2 ) A— MV A XD 7 a il BEE DR S VD 10 (Fig. 2.1), £D7H, ZD L9
7y 7 LEARIT AN — G DR T TR R 12 e DS )~ T Y
Tl LTRSS TWSD, @T/NEEEE (N) & WSO Flory-Hugging D y/37 A —
ZIZEDREEIND 35, T A—H([Fy=A+BIT ERTENTEX, 4 BIXTNTh
TUANE—HETY bR E—HAERLTWD 197, 2 OS] BIZEOHEART I L)
O, RED EFITHEV T A =2 T DT 5, T72bb, RED BA32 LR iR
THID, HDHIRETI 7 2 HSBEE DT STV D RFIRRE D O FE /7 B & 03 HA 8
ST R FARBE~ LR35 18 2[order disorder transition (ODT)], 7233, ik OMRAT
HDIEF RN S TIL, ODT 2MTO A RIS &S OGN I Thbs, bbb
DA THIRED EFITHEN, B A A HBEEECHEE O BRI Stk 2 12286 T5 2 &
DHHN TN D,

Block copolymer

R P

. Order disorder transition (ODT)

i self-assembly

s , heat g _\:Z{\;‘-

: P/ g — -

- g;g _ — lq;.r?

0;60 v ' m— - coo' ‘_\\/3/‘.\
Sphere Cylinder Lamellar " i

order state disorder state

Figure 2.1 Schematic of the micro phase separated structures formed from self-assembly of block
copolymers and order disorder transition (ODT).

INETIZ, Ao 7my 7y WG £ IMbF /G2 4 2 & T 7 v MoHE
HEOBRLZEMIZED X Y BREELY B 2 AT ONWTHHEINLTE 7, N.P Balsara 53,
AFLrbA VTV DT vy 7 LEAKR (PS-b-PI) (2GR Z N Z TMEVT 5 = & T
RIJIZ PI RAA ARG S 72 224, R T COBELRIEIC LY, 4E% CI3Ec L 5 €
N a V=N E L o2 T ERIRENTZ, L, ZO%RTIE ODT Wi HIRE
Topt (~105°C) % x HIE (~160°C) F£THMET S Z & THZUEAEL T\ D572, E/L
Ao U—RNEENTRETEB SN TWD (Fig.2.2a), £7-, LK. Kim HlEZAF L & 4-E
=) ProTay 7 EAK (PS-b-PAVP) (& B Z I 5 Z & T, PAVP [# THIL
fEe a7z 2, BIBICXLY Topr i BA- L, 7 om0z ettnm Lz, L
L., BREAERSEEEZAE L TVDHD, EREZIRNT5ZETRAL UREIESRT
LE > TW5 2627 (Fig. 2.2b), THHDMEICL 912, ZBEMTOI LB, Tk nY—|C
WL EZTLED 2L CHEEBRIOENLFT D —2RET 5 2N TE TRV, FD7-
B, BB TIIA R D R A A %5808 S W72 BE, BRAE X 7 v B E OBV EMEIC G-
25 [Hif ) 72 RAFH3 2 2 LR TE TR,

(a) (b) g T

4 \KQ I "/ \ . / \u {—&]
- T cross-linker k l‘\}v’

o« )

l:qli\. ! "N’ ral
Figure 2.2 The changes of morphology by (a) thermal cross-linking and (b) coordinating cross-linking
reported by N. P. Balsara et al. and J. K. Kim et al, respectively.

NG DML R A T T 2 72 0121E, RIGRFICE LR 1 O —IT 8 % 5 2 70 )3
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HD, T, BAIIEBHIEE U THREBICER Lz, R IIEBEINAE THrO=IR
CHEBIETT A0, BEHIOFLF e O — 55 L RIE B A i3 = & N AlRE
ThHHEEZOLND, ZTNETIT, HEEEAND Z & T RBEBM BRI ShCE -

A3 2836 Sl ﬁﬁ&®%WTn/~WmuowT TEEICE STy, ARHFZETlT
ASHIOCZREHEREEZ BT 250 T8 & B @mﬁ%@mﬂ%ﬁéﬁﬁémmhj7n/
7 ILEAEREER L, EUEN I 7 0BG OBL EMICE 2 5 A E LT (Fig.
2.3), A SHA T RARRE, B SHDN AR RE T%ménéA&AhJ7u/7 HEAMKIZEI
i7XF7—kLTﬂ%éhT%D\A% EIEZEAE DN J1 PR SO R 1T 5 2 D SR
DWNWTHLHET D TETHDH, RMETIE, BRAIOBREE L TOMENEL R Y —B LW
2 7 a MBS OBVEZ ENEIC 5 2 DB OV TRE LT,

el wd
E cross-linking

Figure 2.3 Schematic of the ABA triblock copolymer containing photo cross-linkable moiety in A
blocks and the photo cross-linking in the A domains.

o i self-assembly
N

photo cross-linkable moiety
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2.2 EB
2.2.1 BREBIOEEE

2-bromoisobutyl bromide [ L Ll tHE (TCI)]. dietylene glycol [FIYEHliZE T 3418 (Wako)].
triethylamine (Wako). N,N,N’ ,N”,N”- pentamethyl diethylenetriamine (PMDETA) (TCI), CuBr
(Wako), 4-benzoylbenzoic acid (Aldrich), SOCL (7 A4 X A7) FZOFEEHW, 2-
ethylhexyl methacrylate (TCI), 2-hydroxyethyl methacrylate (TCI) |ZEAZEIEHIZE Y Br< 729
TNV T AT ATELTHLER L,

'H NMR |7 1% Bruker #:% DPX-400 (400 MHz) %W C=IE F CiTo7=, 7 T AT
T UM (0 ppm) & L THWEZ, BOERS R (M) B IO F&040 (My/M)
FH A XPBR7 v~ b7 T T 4=l Ko TR L7z, AR 73R Y —+£84 DP-8020 A4, 7
7 LFHR Y —#184 TSK-gel a-3000 & a-5000, #% Higs 30 — 8 R1-8020 & Z 4L £
7oo BT NREE 40 °C, VEBERRIZIE THF 2 AV, JiiiE 0.35 ml/min CHIEZ{T>72, &Y
~—DEEIIH A ) A—%— (ULTROPYCNOMETER 1000, Quantachrome Instruments)
Z W THIE U7, FT-IR I 121X FT-IR-430 A7 kL A —& — L 2EHERE (ATR) %
& (JASCO Co.) % v /=, BAEE/HTIZIE TG/DTA7300 (Hitachi) % VT, ZERFEHK T
T 30 °C 225 450 °C £ T 10 °C/min THIRAIT 272, /M X BREGEL (SAXS) JIEILEN O
OLEHCH D7+ b7 77 U —"THHE Pilatus IM 7> 2M 23HUY ££1F 54172 BL-6A
& BL-10C DE—AL T A > T{T>72, BL-6A TIIH A TR 2.4m TXMHROWED 0.15 nm
T&H Y. BL-10C TIEA AT RN 3.1 m TXHOERA 0.10 nm ThH -7z, {HEZLH SAXS
HE Tl RERRE ORI Y B L2 L, FIREEZ 10°C/min TITo72, £72. &
BES B IR V22 L 72 BE, 2 O E TR & LT 3 min & 5 WM 10 min fR - 72112 X
A RS L7,

2.2.2 ZEREMEBISERI DA R

F A7 Z A 3|T dietylene glycol (2.1 ml, 22 mmol) . triethylamine (7.4 ml, 53 mmol) .
dicholoromethane (100 ml) Z/Nx ., KIcH#w% 0 °CETHAI LT, WREZBELEL RN H, 2-
bromoisobutyl bromide (12 g, 52 mmol) % [ L CEIR THRERIG S, HoNER%
/K & NaHCO; Bafi/K IR C 3 [ O 2170 MgSOs4 i K> ThiAKZ 7oz, m—& U
—IZNRL—F—TEM L%, YV T8 7a~ 7T 7 — (CHCh) ([ZX DR L
7o

2.2.3 Benzophenonecarbonyl chloride DA%

J A7 F A 2|Z 4-benzoylbenzoic acid (2.0 g, 8.8 mmol) ZMzx. T AT T AaWNEERT
\Z L7, SOCL (9.9ml, 0.14mol) Z/Nx 7, #Mi/K DMF 25 45 2 & T, 5 9%IC
TTERICEED M LTz, WEA 60 °CIC ER- S, BEAMISSE B, fonlciikizn
— 4V =T NR L —Z —TREIED SOCL Z Y rE | #aDEIRE 72,
224ABA N T uy 7 EEEEDOER

2-ethylhexyl methacrylate (EHMA) & anisole (30 wt%) % & AT % 30 /3ffEE R TNT

V7457 & TIRNOEFEESR Z T R\ o, & 212, 23 T C PMDETA (ligand), CuBr,
222 Hi TR EREMERMGH 2N 2 7o, AR, [M]o: [To: [CuBrlo: [LJo=370:1:1:1
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L7, BHET, 60°CTEBLZIToM, 5SKRHE., ROSKEIRZIKKITRIE ST, SRR Z
ERTNAT V732 L THAZFEIE L, BONIRKEZ THE ISEEL, AKX/ —b
T3 AR R 21T > 7, BIC, B o7kl 2 CHCLICIAfR L, 7/ T8 T AT
I & CHIARIE A B FRu e,

VN T, 2-hydroxyethyl methacrylate (HEMA) % PEHMA ~ 7 v BilG A0 G EHA Z1T o 72,
PHEMA ~ 7 v B4 % dioxane (20 wt%) (ZIEfE L., 30 pRIEFETAT Y 7452 L T
RN DIRIFREFZE A B RV -, 212, %23 FTHEMA, PMDETA, CuBr #0172, 1A
FREEIE. [M]o: [IJo: [CuBr]o: [L]o=130:1:1:1 & L7z, £F ., 60°CTHEAZ{T-T-, BEA
DA I BOGE ZR % KKITIRIE S, ISR EZZRQCRT IV o TT5 2 8 Tfiote, 56

NT-VR % THF (g L, KT 3 FIFERERERIAIT 5 2 & T, RGO T/ ~— & Hfilit
2D BRuN =,

KBIZ, RV 72/ % HEMA @ OH JICHE AT 5720, 3 Lt cEon-dtE
AK (020 g) % BB /K pyridine 2.0 ml) ([CEME L7, T D%, 223 HiTH=
benzophenonecarbonyl chloride (0.29 g, 1.2 mmol) Z /1%, ZiE CHRAEIL S W72 30, Kb,
ORI E THE [ZIEfR L. A X 7 —/L T 3 BIFILERER 21T - 72,

2.2.5 BT 4V L DFERR

224 i THZ ABA ) 7 ry 7 LEAKEZ CHCL I LT, 3 HFEEF ¥ A M52
ZETAVT T4 LEERL, TO% | BHEZEGREIT 70, 7 4 /L ADIESITH 0.5
mm & L7z, TO/N)VT 7 4V A% 130°CT 1 B 7 =— VLB L7-, 7 =— VALEfL . UV
% (365 nm, 41 mW/cm?, MAX303, Asahi spectra) % =5 F CHH 325 Z & THEHEEZIE L 72,

2.2.6 Paracrystaline distortion E55

7y 7 KESERNOER S D X 7 v B S ORGLIEE TR UTER SR D 04,

I(q) = (If*(@]) = KfF (@)I* + {f (@) *Z(q)
Aq) & Z(g) TR THIC L 2 BELRNE &k RT3 L2 BELRE 2 2o LT
Do (NI x D THY, ) U H—RiFOFEr ERES L TAg) ITRO LIRS &
MWTE D,

(@ 2, J1(grsinp) sin (%COSB) 1 2 22
f(q) =2nr-L - ex [—— og°sin
qrsinf qz_LCOSB Pl721 B

oI RITIR T D U —DREDIES 2RI NTA—LTh 5, SEIL RIZTHT-
DiZo=0 L LTWD, BT U F—lh L HELRT MAROAETH D, ) X —RifD
e r DIAANTT T Z5540 POWHE D LRE L72Hra . IRANTRE D,
(r—7)?

P(r)~exp [— 207 ]

TR TH Y | o 1TF0 0 r DIFEERZEZ R L TV D, Lo T(f(ONIKRATRE L,
P(r

(f(q) = M
J, P()ar
DU U E =GR D YERE RS T TR OER T Z(g) 3R RO T — U BRI LY K
WHZENTED, B FOELDN B HERG TIL, TOETFEOMMEITL 3 DOk~ 7-
W T M OBRARIC K 1 5 2 BB T OO ST O R CEED, LiznsT,
DB Z( TRk L 72 %,
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3
2@ =] [2@
k& OBTFHT Zdg)i. =
F.(q) Fy(q)

Z =1+
K= TR @ T R@
F(q) = |Fk(Q)|eXIi(—iq ")
|Fe(@)] = exp [—Egiqzai]
gl TERE ST A K- (Hosemann’s g-factor) ThH V| I THRE S,

g;% = A2‘1k/ai

a, b Aaglt, KEROEIOEARY ML EZOENEZNTRERL TS, AFETIE, &
FMHEN ZRE LTz, DT, 7 4 v T 4 > 712X g-factor, o U X =¥ 2V
VHE BT D r OIFEERZE, N A A UHEERED /ST A — 2 A L TiT o 72,
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23 MEREBE
2.3.1 JZEREM: ABA bV T oy 7 HESEDOER

ABUTHIEEI L CH LY 72 ) &2 HT 5 ABA ) 7y 7 WEAMRIT 2 BfED
ATRP & AT MUSISIZ LY G LT (Fig. 2.4)
EHMA o7 g HEMA j\/

f

e B ..-/’"/‘\y ) & Q 3
\/\0/\/0 { /\/ OH on
° ° 4 *

CuBr/PMDETA CuBr/PMDETA * on %"
difunctional initiator anisole PEHMA dioxane P{HEMA-b-EHMA-b-HEMA)
® @ @

. P(BEMA-b-EHMA-b-BEMA) . . ‘;

pyridine _ ) >
By dr~—d e ’
o =p oFo oF o . £
- l‘\ r.a" a‘}‘? ——lp ;
) ~ A /<L Phioto ]
e ) R ’ ¥\ cross-linking

Figure 2.4 Synthesis scheme of the ABA triblock copolymer bearing photo cross-linkable end blocks.
The schematic of domain cross-linking is also shown.

T3, RN ATRP BR4h A Z2 A9 5 1,2-bis(bromoisobutyryloxy) diethylether % = 27 /L
BRI & 0 AR L7= (Scheme 2.1), Fig. 2.5 ™ 'H NMR A7 L TIXEBMIO 7 1 kv
E— 7 OHRPBN SN2 LD, R EE R VWIEHE/L 2 LN TET,

Scheme 2.1 Synthesis of the difunctional initiator

o O —_— Br-. | o
Br “Tr + HO™ " ToH PN S T -
0 a 3

b C
B ) a Y 8 a
0 a g a
H.0
a Is
] 5 4 3 ? 1

Chemical shift (ppm)
Figure 2.5 'H NMR spectrum of the difunctional initiator in CDCls.
2 BREMERHAEHI ) & s B 85 & 72 5 poly(2-ethylhexyl methacrylate) (PEHMA) (T, = -10 °C)
Z ATRP (2 LV & p L7=, PEHMA OEAGEIX 'H NMR HIED 6Kk 72 (Fig. 2.6), BHAAA

?D-CHOCH,-» 7' 11 h > E— 27 (3.8 ppm) & PEHMA ®-(C=0)OCH-O 7' 11 h v & —7
(4.0-4.4 ppm) DOFET L BEOEE) 3 T EZ RO TRER, My=2.64x10° L 72 o7,
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46 44 42

A g

4 3 2 1
Chemical shift (ppm)

4 33

Figure 2.6 'H NMR spectrum of PEHMA in pyridine-ds. The inset shows the expanded spectrum from 3.7
to 4.7 ppm.

FEWT, ISHIC/KE L 2 59 % 2-hydroxyethyl methacrylate (HEMA) % PEHMA ~ 277
LA O RG2S ATRP 12 LV R &% Z & T P(HEMA-b-EHMA-b-HEMA) % 4537-, 'H
NMR #I7E & ¥ HEMA ®O-(C=0)CH,CH,OH ® 7’1 k> B —7 (4.4 ppm) DB S 47z (Fig.
2.7), F£7-. SEC #iffTlZ, HEMA OEA/IZEIV E—7 by I REar&licy 7 F Lz
(Fig. 2.8¢c), LA EOFERD G A SHIZ PHEMA 265325 ABA MV 7y 7 LHEAEKNERK T
Tl & B LT,

P(HEMA-b-EHMA-b-HEMA)

5 4 3 2
Chemical shift (ppm)

Figure 2.7 'TH-NMR spectrum (in pyridine-ds) of PEHMA (black) and P(HEMA-b-EHMA-b-
HEMA) (red).

B2, HEMA OKEEIEIC R Y T = ) VAT AT MEOGIC L D EAT 52 L TAH
|Z poly(2-benzophenyloxyethyl methacrylate) (PBEMA) =A% 2% b U 71 v 7 LEASKE ST,
'THNMR HJE TIE,.7.2-82ppm (T Y 7 = ) D71 b B—7 BNEI S 7= (Fig. 2.8a),
PBEMA D¥3F-#)%5 7813 PEHMA D[a]? B — 2 & PBEMA D[b], [c]?D E— 2 DFES S
ROFAER, Ma=1.10x10° Th > 7=, FT-IR #ZE TliLX PHEMA-b-EHMA-b-HEMA) THLHI
NTZKEEH D v — 7 (3100-3600 cm™) 7% P(BEMA-b-EHMA-b-BEMA) TlixA b Lo 7z
(Fig.2.8b), F7=, XV 7= /) U EEANTH I L TSEC thfiTmmy &z~ LT
7 (Fig.2.8¢c). ZIHDFERENG, AHOKBEETIINY Y 72 ) UREASNZZ L%
MR LTc, W72y 7 O My EEEEEDE (deea = 1.21 glem?®, dpseva = 1.31 glem®) 22 HILEA
RO A BHDOEFETH (4a) 13024 THo T2,
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(@ ¢ -tt—‘ifvj{._/}_- (b)
' ob -1 QAD -
i -
5 ¥ \/“/Zy o A z-, / P(BEMA-b-EHMA-b-BEMA)
o g | 4
Getgn (2 N § P(HEMA-b-EHMA-b-HEMA)
4 sL—1Y
cb L
8 7 6 5 4 3900 3500 3100 2700
Chemical shift (ppm) Wavenumber (cm™')
(c)
£ [\ peoa
B , P(HEMA-b-EHMA-b-HEMA)
E f P(BEMA-B-EHMA-b-BEMA)
3
2
=
@
I3

6.5 10.5

7.5 8.5 9.5
Elution time (min)

Figure 2.8 (a) "TH-NMR spectrum (in CDCls) for P(BEMA-b-EHMA-b-BEMA). (b) FT-IR spectra
and (c¢) SEC curves for PEHMA (black), P(HEMA-b-EHMA-b-HEMA) (red) and P(BEMA-b-
EHMA-b-BEMA) (orange).
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2.3.2 MEBOET

BoHz ABA B 7 a7 IEAKAE CHCL AR L, WIS v 2 b, BEZZiBIc LV
PV T 4 VB EVER LTz, fEV T, 130 °C T 1 B 7 =—v9 5 Z & TR SRR &
ER 7 e fpBEE 2 R S E7e, 2B, 7T =—/LREIL PBEMA @ T,(=55°C) LI LIz
D EDICRRE Lz, TO%, NMEEE 72012 UV RERH L, XYy 7o/ 0T
UV SRR R Cr Ty T UV EERT 5 24, O = FEEIREDSIRIE D KFE % 5]
SRS Z LTV EBHEIT L, 7 bk EEIZ A T 5 S(Fig. 2.9a), Fig. 2.9b,c 1T UV
HDOREFHZED FT-IR A7 v OZE{bE /R L2, UV EHREETTIE 1660 cm™ 1247 b2 o
v — 7 RIS U, 3100-3600 cm L IS KR FE D B — 7 1T B LR o T, UV JEE 2 AR
2T o —27XTTHR L, KBEo—7 NHBL Lz, 72, RO
(2% LCENZH UV % 20 4 PRET U 7= skl CRAERBR 21T - 7245 . BUBHIIE L
VIV IR DR oTo, LEDZ END | 7 4 L AONEE THEES I EIT LT

WA Z ERbroT,
FELE

o

| z
| gz e
g

(b) (c)

0 min
=1 min
- 2 min

Absorbance (a.u.)

Absorbance (a.u.)

1750 1700 1650 1600 3600 3300 3000 2700
Wavenumber (cm) Wavenumber (cm™)

Figure 2.9 (a) The scheme of the photo cross-linking reaction for benzophenone. FT-IR spectra of (b)
1600-1760 cm™ and (c) 2700-3720 cm* for the sample film irradiated by UV light for different periods.
The inset in (b) shows the expanded spectra from 1640 to 1690 cm™.
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2.3.3 ENLFBI—

WHAER TR DENL R 0 P— 2l 5 72012 SAXS HIEA#4T - 7= (Fig. 2.10), HHL7 12 7
7AND g ITHELRZ FL (= drsindd!) AR LTEY . ME X oM E, 0IX#ELA TH
%o BRI ORE CIFHEL Y —Z 2N 1:43 :(VA): V7 - N9 THhH o722 &b, v v F—
LD R T5 B FRIERIE DTERL R STz, —FH T BREHOBEL T 7 7 7 A V2GR L
W35 & V3O E =7 BRI L, VAO E— 7 BHBLL T e, Zhud, 2GR
BTA RALDBEND LB L0 EEZOND, X 0EEIEZERIR DE LV
o Uk ERAET D72, paracystaline distortion B (2.2.6 HiSR) 12 HS W THEEL
TRTFANDT 4T 4T EIToT,

Intensity (a.u.)

cross-linked

0 02 04 06 08 1
q(nm)

Figure 2.10 SAXS profiles at room temperature for neat (black) and photo cross-linked (red) samples.
The broken lines indicate fitting curves based on the paracystaline distortion theory.

T4 T 4R ORDENTZT U U F DL, TD ¢ OIEERZE rie. g
(Housemann’s g-factor) MDfE % Table 2.2 (2 &7z, F7o, NAA RIEEHED & HEE O
PEDOB S KT 174 —RE— 7 OEE AH, Z8EL7 a7 7 A VinbZREnk-, &
TONRT A=HIZBNT, 26 OEIZZEERIR TIREEL L TWih oo, ZORENS,
WHAEE D 2 & CRIBRTOE N R V—2 R LN DAENEIT L TV D 2 L &
WTET, XY 7z /07 AHNET TR, B#HELEELIT) AR H D, L
L. ZBBRitE TEAR e U—IZBEBNZEA LN - T2 L b, BB A R To R
AT L7ZmREER SV E VW2 D,

Table 2.2 The values obtained from the scatterig profiles

Sample 7 (nm)? Faev (NM)° gi ()° AH; (nm1)d D (nm)®
Neat 10.1 1.10 0.100 0.029 31.0
Cross-linked 10.8 1.40 0.085 0.028 315

3Mean radius of the cylinders; ®standard deviation (74ey) of the » from 7; ®paracrystal distortion factor
(Hosemann’s g-factor); “half width at half maximum for the 1st peak; édomain spacing.
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2.3.4 7 vulDBEREEOEREMSE

A RAA U OZEREN I 7 v A BEE OEVEZ EMIZ B 2 DB OV THAET 57291
IR SAXS IE 24T~ 7=, =iEA5 10°C/min THIEZITV, HAYEREIZEEL THDH
AR & LT 10 432 OIREE TRFF L 72 XA | IRE T 5 Z L THIEEITo T2,
ZEREAT OB T, 59210 °C MO HELE — 7 SRE ORUD N A v (Fig. 2.11a), — 5 T,
ZERE% Tl 230 °C ETHIBZITo CHHGEL T v 7 7 A WIZB bIZ A BN o 7= (Fig.
2.11b), FHEIZ XA BELE— 2 D2 b % L0 FEMICFHET 5 72912, D, AH, & 30°C D—k
v — 7 L O (I/hGoo) PIEZZNZIRSD RBEICK L TFig.2.1lcic” a2y kLT,
BUERTOFENCIX. D & I/Ligoec) 23 170 °C B AL LIRS . AH 1X 210 °C TRAPRIZHEN L
oo ZHUE, ZOREMETELR T V—NELIUIGD TS Z 2R L TW5, FFZ, Fig
2.11a @ 230 °C OEET 0 7 7 A )V TIL2 R, 3IRE—IBHEEL, 1 RE—IBRELT
B—RNELTWzZ b, 27 e finBigER g LB x5, —FH T, BE%o
AELTCIZE2TDOI/RT A —% (D, AHy, Li/Ligoc) D—EDEE R LT, ZOREENL, A KA
A OBV AR OB LRI SN2 Lo T,

(a) ® 4 (€) _“lockmmmed  °
A ) Ea
Neat r\/.'.',: Cross-linked : °
0 ® '
; ; v-::,- '5:\ " TG Neat : .
: S | “lv.,- /'l‘:‘ \ E - &3 o
: 230°c £ Y A\ N T
z ay 2 A\ °c o {p p a g @0
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Figure 2.11 SAXS profiles for (a) neat and (b) photo cross-linked samples taken with increasing
temperatures. (c) Temperature dependence of D, AH1and I1/lyoec) values. The heating was conducted at
a ramp rate of 10 °C/min with the equilibration time of 10 min.

BERTOREL % 230 °C £ THIE S B2 RICEIR £ THEI L 72F8 D SAXS HIEH 4 Fig.
212alZR LTz, BIEETHHEIL THLOBEL T 2 7 7 A WMITR B o127, ELka
UL L7 DX ODT & 3LICm g THHOBV R L RIFFZI TN Z E BN ERTH
LEZBEZOND, —MANT, IRED EFITENT T 7y 7 BOREHT T E L5720, DX
T ERFNBITND 2028 LvL, 2881 D OEIX TAIZK LT 170°C 7> H 1
ML Tz (Fig. 2.11c), Bt OE T 2 FRAE T 572912 TGA HIEZ1T -7 (Fig.
2.12b), ZEERTOREIOBNRIT 2 BFETITHOILTE Y . 1 BB HITH 20% O & &/ A3
Koz, ASOERSRITF 20 TH D Z b, BRI AENDIThRL TS &
ZHND, ZOFRENG, FIRICEY DA LEERAEZLET S, £9.0 BAOMICLD
ECTE ARG O/NES RS FIEE D RELZABREEZA L TVDLTED, A KA UNOBE
35, EORGRIZE VAT D ARSIEFRICHENS BIZHINT 5726, D X
L7c&&Fxbivd (Fig.2.12c), —/5 T, ZE#ZR OFELD D 238800 L7z o 72 DiX, A $HH
DZEFEN A RAA LV OBBEREZMIE LIz i2 B2 65,
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Figure 2.12 (a) SAXS profiles of neat sample when the temperature was cooled from 230 °C to
30 °C. (b) TGA curves of neat sample. (c) Schematic of the increasing for D with an increase in
temperature.

BT, BRBIC K D X 7 n B IS OBV TEME O M EE 2R 57201, K0 E0iE
EECTHIE LN S SAXS HIEE1T-7- (Fig. 2.13ab), GoLN=#EL7 1 7 7 A LB
B2 LT, D, AH:, Ii/Ligoec) @fﬁ%%ﬂ%ﬂ F1g 213c 27 ay hL7e, 723, FrRefiEst
BEOBG iR 2 305~ 2 72012 10 53775 3 IR L TiT o 7c D728, D OEEMEE T
@IH#F"ﬁ 10 77l D %)/J\é Ipo Tz (Flg 2.12¢,2.13¢), AH, & Li/Lioo)PMEIZEE L Tl

ZERERIONKY 240 °C, ZEAEZ 23 320 °C 2B ENENEAL LIGD T, ZOREEMNL, A KA
A CNOFUEIZ LY I 7 a il B E OB E MR 80 °C I L3z 2 & & RHE7e,
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Figure 2.13 SAXS profiles for (a) neat and (b) photo cross-linked samples taken with increasing
temperatures. (c) Temperature dependence of D, AH1and I1/lyzoec) values. The heating was conducted at
a ramp rate of 10 °C/min with the equilibration time of 3 min. The AH; values for neat sample at
temperatures higher than 270 °C were not obtained because the intensities of primary peaks were too
small.
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3.1 ¥E

HWNZIMEE R O S D 7 r v 7 IEEERIT, o0 FEOWES 3, Wy o
FHEAERONRTG A—=ZZE5TTAT, VI H— VyAaAf K, A7 =T Ea R
7 iSRS 10, T u y Z ESGERE AWM O I RICE LR R U —
&7 B MSBIEIE DREMEIZ L > TRESND 10, Ty 7 ILESIKRIZEWT, FFHZ A
BUCHEO RS (8 Ty & B#HICKO W0y (K Ty) 2O S D ABA + ) 7y 7 dk
EAIKIZ=T A h~— (ff : polystyrene-block-polybutadiene-block-polystyrene, SBS) & L THI
HAENTn5D 1825, ABA MU 7wy 7 LEASKROHO B SIS i@ﬁ?zﬁA%i&
PIERE R A A & TBRL L, — 5 Tl B $UXE DG F A A U2 B BATHO%
RELTWD,

INETIC, ABA N 7y 7 EESHEMT T 2 b~ — OB EWER ) FHIMEE O F
IZOWTEL OB TONTEZ 23, 20—l LT, A AL VAL FEEET 5 Tk
dé %, J. Shin 6 li\ poly(lactide)-block- poly(carvomenthlde) block-poly(lactide) (PLA-b-PCM-
b-PLA)ZFHHL L | ﬁﬂf%ésﬁﬁﬁ7799y%mzfwO%TMﬁﬁézkf%R
Eﬁ PLA 7wy 7 RAA U BUE LT 2, KiPEIEORIR K0 | 286 % OB 0 5 73

EMEREmLS o TNDHZ EEHB B0 E LT, £72,E.Chen & S. Yang 513 A $5IZ poly(4-
V1nylpyr1d1ne) (P4VP) & B #HIZ poly[2,5- dl(n hexagycarbonyl)styrene] (PHCS)ZH 3% ABA h

U7 my 7 WEEHREHRE L 3, £ 22, 26 TH %S Zn(ClOs), i A, PAVP [H THUZ
e AT O T & TRV EME L EMEO M BIZEEI LT D,

Lo, ZNETOHMETIT A FAL U ZLUET HERIC ‘E/VT nY—nEnTL
£ LML > T, 1 Shin 6 DOHETIE, BUMEZATO ZOITITPLA 71 v 7
augM%)i@%%wﬁﬁi?Mﬁ#é%%ﬁ%ét@ %wfn/~#ﬁémt%%f
BRENMTONTLE->TWD 2 (Figl.l), 72, B F24ETIIZE ﬁﬁmz%Tka%
V. E.Chen & S. Yang &6 DOWETHLEEEH ﬁ%%ﬁﬁ%ﬁ@”é 7o, RO
RAA CHIBEES RSN T LE > T D 3, 2R b 0MED X 51z, m$ﬁ%f%wfu
UL TNDH T b 7b> 7]”575 WPEIC G 2 DMt B AT 2 2 LR TE T
RN, ENEIZERRT DT RIGRTDOEN T r U — 2 fFF LB LG EIT ST 54
b5,

ABA triblock copolymer
TV N\ Setessenty
ZA
The glassy chain containing
cross-linkable moieties hgat \)} uv
ross linker \
Thermal Cross- Ilnklng Coordlnatlng cross-llnklng Photo cross-linking

f cross-linkable domain

e s

% 2 Ak 5
x disturb by heat x expansion of domain This work

Figure 3.1 The changes of morphologies formed from ABA triblock copolymer containing cross-
linkable moiety in A blocks by the cross-linking in the A domains.

2T, FAIBEBAINAE TSR T CARENEIT T2 0445 ¥ I0EH L, FEEE
iz &ﬁiAﬁ 'S %@ﬁf%émx/7m//%ﬁ¢5A&Aﬁ)7ny&ﬁ$é%%
:%L RRGRIDOENFR R O —Z R LR DG L EITSE L Z LTI LTV D 4,
VI ba S E 2 COARRE CIINAUEME R 2 /325 07 2R A 1L R B 8542495 ABA k
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U7y s EASKREFE L, REEN TR D — WP G 2 DR e B A A L
7o, Fig. 32 ICEMME 72D ABA F Y 7 v v 7 SLEHEAKRD 1 E# % 7~ LT, #1912, poly(2-
hydroxyethyl methacrylate)-block-poly(ethyl acrylate)-block-poly(2-hydroxyethyl methacrylate)
(PHEMA-b-PEA-b-PHEMA) % 2 B[SO BE) T P 1 /VES (ATRP) IZX VAR LT, #
WT, BEEMRTH D v T A— b & PHEMA OKBRIEIEAT L2 LT, 720K A
$H1Z poly(2-cinnamoyloxyethyl methacrylate) (PCEMA) & ¥l B #8512 PEA %7 %5 ABA L~V
Ty 7 WEAERERT, BEX v A MLV Vs 7 4 v N EGRE . UV EE RS T2
L TTEE R LT, CAMERTR OF LR 1 D — &/ ME X BREGEL (SAXS) HIEIC LV
LT, HW T, RAEERRE (DSC) o LAHMERIEIC Z D T AR A AL - OLRHE
ISR ORIV 5 2 DB AHE LT, TOMBRED . TT7 2K A FAAL U OUHE
DR B HO T 7 AR ENC B L 52 5 &0 ) BUIRRWVE AR Oz, 612, £
DERZMAT 572012, B #HOSFEE A SHOERE G F 2 20 S S - BHEE OB £ 71
L, A RAA OYUEDRERL B DT 7 ARG 2 585 iE LT,

ABA triblock copolymer with cross-linkable A blocks
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Figure 3.2 The chemical structure of ABA triblock copolymer and illustration of the morphology
before and after photo cross-linking in the A domains.
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3.2 EBR
321 BEBLIVEE

2-bromoisobutyl bromide [ 5 Ll HL (TCI)]. diethylene glycol [FryEHlizE T 348 (Wako)].
triethylamine (Wako). N,N,N’,N”,N”- pentamethyl diethylenetriamine (PMDETA) (TCI), CuBr
(Wako), cinnamoyl chloride (TCI) X% D £ £ 7z, ethyl acrylate (TCI), 2-hydroxyethyl
methacrylate (TCI) |ZEAZEIEFIZIRD RS T2DIT A I T T ATHE L T M L,

'H NMR |7 1% Bruker #-:% DPX-400 (400 MHz) % W C=IE F CTiT o7z, TOEE, 7 b
TAFNT T EREHEYE (0 ppm) & L THWE, BOREG 8 My B8 X080
(My/My) 13V A RPEBRZ o~ v 7T 7 ¢ —12 X o Tl L7z, AR > 713 Y —#:8L DP-8020
W17 AT H Y —+18d Shodex KD803+804, f# HH#RIT A ¥ —+18Y RI-8020 # Z L ALH W
T2 BT NEE % 40 °C, ABERIZIE LiBr (0.05 wt%) % &3 DMF % V>, #i# 0.5 ml/min
THIEEIT> T2, RY ~—DBEIIH ALYV /) A —H— (ULTROPYCNOMETER 1000,
Quantachrome Instruments) Z VN THIE L7z, FT-IR JIEIZIE FT-IR-430 A2 bV A —X
— & BRFHAIEVE (ATR) 2E@& (JASCO Co.) # V=, /IME X #rEEL (SAXS) HIEix, H
AOLEHICHD 7+ F 7727 FU—D BL-10C £ HAEMY >/ 10 ha @ BL8S3 D
E—ATA L TITo7, BL-10C TIEHATEN 21 m T X HOWEEDN 0.15mm THY
BL8S3 TiI W A 7 EMN 3.0m T XMHOWEN 0.10 nm Th 7=, RAEEEAE (DSC) HIE
%, AR DSC7020 2 W CTEFEFRFSK T TITo 72, mAIC, 30°CH 6 140 °CE THIR
EATHo T2, -90 °CE THAEI L7z, O, -90 °CH 5 140 °CE THIRAZITV., T OROH Z
ZARHED B T ARBEICHES T 2 L BAE BEO R R E2 T 7 ABBIRE (T) & L, B, 7
IR 1T 10 °C/min TIT o 72, LA v U —JIE L, — il [E 55425 E DMS6100 (Hitach High-
Tech) % MV 7=, & 22805 (1,2, 4,10,20 Hz) %AWV T, 0.05%D O % K T-40 °CH b
130 °C% T 3 °C/min THIR&#1T - 72,

322ABA U oy 7 EEHEDOERK

ethyl acrylate (EA) & anisole (50 wt%) % & AWK Z 30 BEIEAZTART IV 7352 &
TN OVEAFIRTE 2 B0 BR -, & 212, %3 F T PMDETA (ligand), CuBr, 2.2.2 i T
7o 2 BReVEBRAEAI 2N 2 7o AAZELIE, [M]o: [Ilo: [CuBr]o: [L]o=700:1:4:4 & L7-, %=
F T, 10 CTEAZITV, 8 R, UKL IKKITRE S, RINEKEZ 22 T/NT Y
YT HIETHAEFIE L, BN E THF IS L, ~F 3 CRILERR L
7o WRIT, F DT3B A CHCLIZIEME L, 7V 77 AZi@ET 2 & CHIfMEE 2 B Y B
W2,

#tu T, 2-hydroxyethyl methacrylate (HEMA) % PEA ~ 7 v BH4AKI O EE 217> 72, PEA
~ 7 v BithAl % dioxane (3.2 wt%) (ZIAfE L, 30 pRIZEHRTAT Y 745 2 & TIRIRN O
AR 2 B BN -, & 21T, %3 F T HEMA, PMDETA, CuBr Z A 7=, HoAZ LI,
[Mlo: [IJo: [CuBr]o: [L]o=320:1:5:10 & L7z, EFHE T, 80°CTHEOZITV, 24 Kt X
ISR AR KAKICRIE S, ]GRREZER AT ) v /52 L THERAREIE L, Boh
To ViR % THF ICEME L. /KT 3 [EIF LR A 1T 5 2 & T, REISDE /)~ — L Hifiliit 2
B0 Br& . P(HEMA-b-EA-b-HEMA) (HEH) % 1%7-,

323 YU A—-FOEA
HEH (0.20 g) % #iflii/K pyridine (2.0 ml) (2% L, cinnamoyl chloride %/l 2. TR CTHAK

OSSR 4, RIS, BNk %A THE [DIEfEL, A X J —L EKDIBEREE (wiw
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=2/8) THILEX L%, AR~ U2 AW THILER AT 7, T A— bl
ARIIUINT 5 cinnamate chloride D& G5 = & THIHE L 7=,

3.2.4 2V T T 4 NV AOVERR

323 HiTHEZ ABA NV 7 vy 7B AKE THF ([ZEE LT-, 3 BT RIS v A
M2 TV T T 4V EEERR L, ED% 1| HEEZEEBREZIT 5T, TD/SVT T )b
L% 110°CT1 A7 =— VAU L7, 7 =— LA UV ) (365 nm, 41 mW/cm?, MAX303,
Asahi spectra) Z=E{E FCTHRNT 22 & TG EAI L7z, ¥, T A — MIER TIZ
BWTHZEE © 7080030 5720, NERESR OREHIE L TIFEY =— VI 217> T
I/\faflz\o

3252 T AFET LV

AT7ry s L BTy /b 20T A THEOBELIFIIA TR S D 94,

1
2 .2
(1 'gAgB) +4gAgB sin”(gd/2)

1tg)= 2N (%)

[(1-ga) (1-g8) (1 -gags)+2ga(l - gs?) sin (qda/2) + 2gs (1 - ga?) sin® (gds/2)]
Ap X2 207y 7 HBEOBELEEEDZE, NIZTATEOE, d X2 >DT7 A FROE
Bt (datdy), dalZ AMIOT AT EEEZNENR LTS, Eie, g, =exp|-508¢?| Th Y |

OAlX AMD T A ZEOEMERAEZ R LT\ 5, BFEIZBE L THEEEZ, ds, gs, o & L TR
ShTW5,
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33 EREEE
3.3.1 ZEEM ABA FU T oy 7 EAEROERK

A BHITHEBEMERTCH DY T A= A2 75 ABA N 7y ZIEEERE 2 BED
ATRP & = 2T WALROSIZ & 0 A E L7= (Fig. 3.3),

by L

a’>j\r°\/\°/\/°\|H<' ) /—\—/ ﬁ

R

| X CuBriPMDETA CuBrPMDETA g% o
difunctional initiator anisole PEA dioxane P(HEMA-b-EA-b-HEMA)

B CACHEIvEA G
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Q < 1

H
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— , BALT N\ Bk ClL 31 L L . L
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P(CEMA-co-HEMA-b-EA-B-CEMA-co-HEMA] ~ === =" =" mm s s s s s e
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Figure 3.3 Synthesis scheme of the ABA triblock copolymer with photo cross-linkable moieties in
the A blocks.

FT. 2 BEREMEBAA AN O VEEL B 85 & 72 5 poly(ethyl acrylate) (PEA) % ATRP I & V) &k
L72.Fig.3.4 ® 'HNMR A~27 hLV IV BtGAID [a] ©Fw B —2 (3.7ppm) & PEA
D [c] EBEAID [b] DT 1 F B —7 (4.0-42 ppm) DOFESTEE D PEA OECEE Yy &

RO,
a

Br{ﬁ(ﬂ)wﬂw e

0" p © b o
o* "o
N J

b+c

a

JL

5 4 3 2 1
Chemical Shift (ppm)

Figure 3.4 *H NMR spectrum of PEA in CDCls. The inset shows the expanded spectra from 3.55 to 4.30
ppm.

T, IBEIZKERJS A2 5 3 D 2-hydroxyethyl methacrylate (HEMA) % PEA ~ 7 v Al
DRI D ATRPIZ &V iR & ¥ % Z & CP(HEMA-b-EA-b-HEMA) (HEH) % 157-, HEMA
DEHIZLY SEC o v —2 by 7R @Eo &Mz~ k L7z (Fig. 3.5), Fig. 3.6 7D
HEH @ 'H NMR A7 k)L CIZ PHEMA @ OH 071 f > E'—7 (4.8 ppm) MM S
oo ZHHDRIENS, HEMA OEAGOEITZ MRS L7, PHEMA OFCEE) 1 &% PEA
® [a] & PHEMA @ [b], [c] ®»7' & h> E—2 (3.8-4.1 ppm) & PHEMA @ OH £~ k
YE—7 (4.8 ppm) OFESGHRELLNHRD T,
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Figure 3.5 SEC traces of PEA macroinitiator (dash line) and HEH (solid line).

I, HEMA OKERIEIZY T A— Mo AT WALRISIC X WiE A L7, HEH @ OH
HATKF LT 5 & D cinnamoyl chloride 2 /12 % &, HEH ® OH 2D ~7' v kB — 27 3% 4
WAL, v A—FO7mr b v —7 B3HEBL L7 (Fig.3.6 11 Cin-100), —JC, HEH
@ OH %£(Z%F LT cinnamoyl chloride % 0.5 ¥ &2 7254 1L, HEH © OH X071 f &
— 7 B IRIEIT 0 L7z (Fig. 3.6 H Cin-44), OH f&& v > F A— D7 m fhrE—
7 BEIEDOFE N B ZNZE I PHEMA O =27 )UALEUGHE (Xuema) %R 72, Table 3.1 (2
BOEY) 5 F 8 (Mn). PDI, Xupma. A SHOMBTEDTH (da) 2R LTz, 2 TOED B 1D M,
IEHE— (My = 2.30X10%) LTV, PEA DRSS FRELU T LS5 TND, Xupma 75 44% &
100%7 2 OB L, 5084 & £ E 41 Cin44 & Cin-100 & L7z,

MO clw | OH OY\/%/
3 2 }

______________________

HEH | E

8 7 6 5 4 3
Chemical Shift (ppm)

Figure 3.6 '"H NMR spectra of HEH, Cin-44 and Cin-100 in DMSO-ds.
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Table 3.1 Characterization of polymers

Code M2 X 104 PDIP Xrema (%)° N

PEA 2.30 1.03 - -

HEH 3.87 1.16 0 0.42
Cin-44 457 1.35 44.4 0.49
Cin-100 5.45 1.28 100 0.56

aDetermined by 'H NMR. ®Determined by SEC in DMF using poly(methyl methacrylate) standards. “The
reaction conversion of HEMA units with cinnamoyl chloride calculated by '"H NMR. 9The volume
fraction of A blocks calculated based on density of PEA (1.20 g/cm?®), PHEMA (1.15 g/cm®) and PCEMA
(1.27 g/lem®).
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33.2 HEBOET

o E THF ISR L, RIS v A b, BEGBRIZ I VT 7 0 )V BEAERR L
Too HEWT, 110 °C T 1 7T =— VBT 5 Z & TR PSR ZE R X 7 1wl Bt
EER ST, TDH%, A RAAL VA THREFBET72DIZ UV HERE L7z, T 2
— MIUVIEDORENZ LY [2+42] St BSOS EITT 5 (Fig. 3.7a), Fig. 3.7b,c (2 UV
PRSI 2 2L S8 72 FT-IR HIERE R A2 R~ LT, 1720 cmt O AT )LD v — 7 JREECH
AL T2 & UV LIRS R O BN L, 1635 em™ O " EfEA O B — 7 BRE DD 23 I 5
iz, ORI EE UV EIRFRRICR L T7 v » b L= % Fig. 3.7d,e |27~ L7=, Cin-44
TlE. UV % 30 4IRS L7-BEfE T 80% D —HEfE A DO B — 7 ME DA T bbbl T
A— hO ZEBALBSHET LTV, Cin-100 & [FEIERIC 30 47 UV K% RS L 72 BeFiEC 85% D
VT A= O T EBLOEITR A LN, F2, BREIOMmmEIZK L TENEI UV KA 30
Oy MRS U 72508 & O CIZIRRER 21T - 7o /5 3L, Cin-44 & Cin-100 & Y VA3 I3ZE NE R
10% & 0% CTH o7, ZOFEEMNSL, EBLLOREIL 7 4 LV ADOEEIZT TR NEETKE
PRGN TSICHEIT LTV D 2 ERNbo Tz,

(a)
|
w°Y*z/© o
L o™
©\?\r°\/’ o

(d)

—
o
—
—
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-
-
o
-

- - E 14 Cin-44 g1 Cin-100
=
s H '5; 0z § 0.8
8 g 308 = 06
L]
é ‘.§ E 04 $ 0a
2 g g 02 * 02 T
f ° 0
, " " ) 10 20 » 0 10 » 30
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Figure 3.7 (a) The scheme of the photo cross-linking reaction occurring in the PCEMA blocks. FT-IR
spectra of (b) Cin-44 and (c) Cin-100 irradiated by UV light for different periods. The intensity was
normalized by an ester C=0 signal at 1720 cm™'. The plots of the absorbance at 1635 cm™! for (c) Cin-44
and (d) Cin-100 as a function of UV light irradiation time. The absorbance at # = 0 was defined as 1.0.
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333 EAFBY—

TR U—%RE T H7-»IC HEH, Cin-44, Cinl00 @ SAXS 7€ %17~ 7= (Fig. 3.8),
BEL7 0 7 7 A VD g 1TBELRZ bV (=4nsinod!) 2oL TEBY . MI X RO E. 013k
HLATHD, HEH OBELT 7 7 7 A /L TlE, 1 IREB L2 R E— 27 BBl S 7223, g
= N7 r— RTholizd I 7 n s ORI RVWE Wi 5, —F T, Cin-44
& Cin-100 TlE—RE—727 O ¢ DEOFELRED ¢ OMEICE— 7 BBl SN2 &b, T
A TREEDRP I SN, £7-. HEH L LR TE—I BNy vy —7ThDH Z &5, HEH
D OH T T A= IR EAINTZZ & Ty T A= 3m E L, #EEOBRRAINERH ES
Nz Ehbnoiz,

Intensity (a.u.)

0 02 04 O0E O0E8 1
q (nm")

Figure 3.8 SAXS profiles of HEH, Cin-44 and Cin-100. Arrows with numbers represent relative ¢
positions at peaks.

HEH D& OB AIMEDMEW DL, A $5 PHEMA @ OH %& & B $40 PEA O B /LR =LKk
MCHAEER LB 2D, TNEHEIDDHT-DIZ, HEH & Cin-44 @ FT-IR |
TE#1T- 7= (Fig. 3.9), HEH TiZ 3100-3400 cm! IZ/KFEFES AT L T % OH JEAMELH &
Nz, Uzt L, Cin-44 TIE 3100-3400 cm! IC B — 27 1RFIE L B o 728, Cin-44 D
OH XTIz 7V —72RETH Y . BHOB LR = VI EMHAER L T2 ERbo
77

Cin-44 HEH

Absorbance (a.u.)

3700 3500 3300 3100 2800 2700
Wavenumber (cm)
Figure 3.9 FT-IR spectra of HEH (black) and Cin-44 (red).
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FNT, T AR A FALCHNONBEBRE LA D —I05 2 58854 L1-, Fig
3.10 |Z Cin-44 & Cin-100 ONZEERIZOEL T 0 7 7 A VER L2, EH 5 OREL 288
i CTRIL ¢ OMLEICE— 27 BB S22 LD, ZUERTH TR U S 7 o A B E 2
FERENTND Z Enbrot, LM EGRII%ROE L FAe Y —2{bERET 572
WIZ, 2T ATET N B258BR) ZHWC T 4 v T 4 v T &4ToT0, DT 4T 4
v 7 ERRIE Fig 3.10 FOSBMTRENTEY, 74 v T4 IV BN NRT A—F
[F AT (d)., 7ATEOERERFZE (0)] % Table 3.2 ICF LD, TNHD/NT A—H L,
ELLORELLZERIZR T 02 nm UL EOERH LN -T2, ZORERND, HAUEITLE
BRTOREE Z R LIIREETH T ZIRA RAAL N THITL TWAS Z ERbvo T,

(a) ()
; L
T Cin-44 | i Cin-100
SR 210 A
F Y W :'_ " \ i
= ‘3"; i Neat £3 i
= " = N Neat
W no ret Y
= al W & = i L] L )
% rII Ill Bt - L'u % ] L] teas ln.
= |._'l‘r !l . - = ""I |I -
"."-‘-cu\ Cross-linked K\ A Cross-linked
l“'-u ) .-”;flﬂ‘ l‘""" % "-_f“'l
o 02 04 0E OB 1 0 02 04 06 08 1
q {nm} q (nm)

Figure 3.10 SAXS profiles of neat and cross-linked (a) Cin-44 and (b) Cin-100. The dash lines are
calculated scattering based on the ideal-two phase lamellar model.

Table 3.2 Characterization of lamellar structures

dA (nm)a GA (nm)b dB (nm)a O-B (nm)b tint (nm)c
Cross- Cross- Cross- Cross- Cross-
Sample  Neat oq  Neat ooog  Neal ined  NeAU ined  NeAU jied
Cin-44 10.2 10.1 1.0 1.0 10.2 10.1 1.0 1.0 1.0 1.0
Cin-100 111 11.3 1.2 1.2 8.7 8.6 1.1 11 1.5 15

aAverage thickness of A and B blocks. "Standard deviation of the thickness. ‘Interfacinal mixed layer thickness.

FELT 0 T 7 A NV DE g D T A TREEO REORAHDIES () ZRDT-,
RANC, WELT 2 7 7 AN Om q BEBIIFEROBEL TH L TR TEREIND NNy 7 75
7R (b)) &FEBRE B3IV (Fig. 3.11a,c),

I(g)=aq"+b
T. Hashimoto & D5 44|22 L . Ny 7 7T 070 REGIWZOE g Bk OBELTRE X
RADLIITEFT ZENTE D,

1(q) = q*exp (-1q°)
AT OBE S EETEEOE{LEZRLTEBY ., ZOMEIF, h(¢g'hE #TFry FLTZ
BRI R OEE 2255k B b (Fig. 3.11c,d). T LT, fine DI AR TEE L 725 R
% Table 3.2 IZ/R L7~
tint = 12”2 Y4

ED L ORENS ZEERIE T e DEICE(LIT A LN -T2 E D, KREE IR EORE
MHOBESICHEEL 52 TWRWE & 2R TE T,
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Figure 3.11 SAXS profiles at high g region for (a) Cin-44 and (b) Cin-100 and the background scattering
Ip (dash lines). The In (g*l) for (b) Cin-44 and (d) Cin-100 were plotted against the g for analysis of the
interfacial thickness, where the dash lines represent approximation straight lines between the plots.
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3.3.4 BWMg

WEAE NI B G- 2 D 3 B A T 5 72 DI E2EE R O Cin-44 & Cin-100 @ DSC
HIE 21T 7= (Fig. 3.12a), £ TOREHIB W T, 2 20 T, WBIHI SN TR Y | KIRAID A
il B 85, @IRMIN AT T AR AHD T, 22N TIURLTWD, WEHD T, & HLEEZEDE (4
C,) DfE% Table 3.3 IZ/R L7z, ZERTOFE THEET 5 & Cin-100 D A $5D Ty (Tea) 13
Cin-44 X 0 H{&n > 72, ZiiE, PCEMA (Z PHEMA X Y T,2M&< | Cin-100 @555 PCEMA
DERENZ WO TH D, T LT, HEUBIC LVl OREID Tealxif) E LT, Z OfER
IZ. A RAA VT FRIZEEM TN Z 12X 0 A OB 7 A v MESI R Sz
ZEERLTWD, £, YT A= FOEN LY Z Cin-100 TiX AC, b KIEIZHE LT
W2,

T, ZEAGRIOVER B S50 Typ I Cin-44 3-14.4 °C T, Cin-100 73-10.7 °C T > 7=,
F72. PEAKRERY v—0D DSC MIEEITo TR, T IEZN OO LY K225 °C T
o7 (Fig. 3.12b), T, 7 XK A 8525 PEA O RImIZAT NSz Z & TB#HOE
T A NEERDHIRE N2 TH D, Cin-d4 & Cin-100 D Top lIZZENA UzDlE, BH#HO
AVHRA—T a VN RR DO THD, BTy I DT ATE [dp=10.2 nm (Cin-44), dp =
8.7nm (Cin-100)] #&ET 5 &, BHOS FEIZF L THLH7-H, Cin-44 DBH#EZ A b
DHFMREVH N carFRA—varThr I eEnbhnd, EHENzarRiA—T a0
T T TEMEZ RT 2 E NG 7 STV D720, Cin-4d DM Tep lHEL Ipoie b &
A HID, HWT, ZBMERTE TS 5 & BURIRW 2 L1285 5 Ok 4G % D J7 53
Tep 1ZIEVMEZ R LTz, ZOFRERNDL, T AR A RAAL OBEIL A HOEZ A ME
2T, BB Ho® 7 Ay NEBCHEBE EX TWDH I ERDbholz, B,
ZARBIC LY T PME T LEZERICHOWTIE 335 HiTERT 5,

(a) ‘ Cin-44
Meat

Exo.

Cin=44 _\_‘__q!'\-\-.d-'—"”
Cross-linked
b
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B —

Haat flow (a.u.)
=
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Figure 3.12 DSC 2nd heating curves of (a) neat/cross-linked samples for Cin-44 and Cin-100, and (b)
PEA homopolymer, where the arrows represent 7s.

Heat flow (a.u.) Exo.

Table 3.3 Glass transition temperature and specific heat capacity of A and B blocks?

Tea (°C) ACA(JK ' g T (°C) AC,s (JK ' g

Cross- Cross- Cross- Cross-

Sample  Neat g Neat  iped N pied N piked
Cin-44 634 70.9 0.102 0.103 -14.4 -15.5 0.200 0.223
Cin-100 51.1 53.6 0.103 0.060 -10.7 -12.1 0.124 0.121

2 Determined by DSC measurements.
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335 LARrT—

WG R4 ORGP AT T 272012, HAUERT% D Cin-44 & Cin-100 OERPREHME
(DMA) HE%1T > 72, Fig 3.13a,b [T U THPEGEMESR (E) & HBEMMESR (E") 27
By b L7EKTH D, ZBAERTOW T OREHI B W T, EN% 2 B CAMIZE LT, K
IR B 5D H T AERBIZFE D EDOD TH D, B #HOH T AEB% I I 2R HEE N
BRIS, ASHOH T AEEBIZ L0 2 BEH O EO2387  »Tbii-z, iz ko, E
X E"OMEZE TRV ma8i3isE Lz, 2 B E O EORIE. Cin-44 XY Cin-100 D F5
DMEWIRE TIrbz, Z ik, DSC #lIE T Cin-100 O Ty DIED I70ME - T2 fEFR & — 3
LTW5, — T, BBETIIELLOREITYH 2 B H O EOEMRBIEHALNT, E
I£130°C T E"% B> TWe, ZORRND, T RRA RAAL U OBEGEIXE S T8O
TRENEIHI L TV D Z L3 bho 7=, Fig. 3.13¢,d [IZIEIZK L TO tansiifi 27~k L7=, tans
DYE—7 b T EUR B HOSEFRFOIRE (Tys) & LTED, ZDfE% Table 3.4 I2F &
Wiz, EHEL0MEFLAEMBIZEY tandDO B —7 b TMEIRMNIZY 7 S LTEY, Tup MK
TLTWe, ZORHRIE, DSC JIE TEMBEIZLY Tep DME T LIEMRERE—FKLTEY, W
ST A RAA OGN BHO N T AEBFEEEE 5.2 T0D 2 ElbnoT,

€} o

Cin-44

04 4
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Figure 3.13 Storage moduli (£') and loss moduli (E"”) as a function of temperatures for (a) neat/cross-
linked Cin-44 and for (b) neat/cross-linked Cin-100. Tano of neat (black) and cross-linked (red) samples
for (¢) Cin-44 and (d) Cin-100. The data were taken at a frequency of 1 Hz and a strain 0.05%.

Table 3.4 a-relaxation temperature and activation energy of the B soft block

To8 (°C)? E, (kJ mol')°
Sample Neat Cross-linked Neat Cross-linked
PEA -17.5 179
Cin-44 -3.1 -3.8 252 277
Cin-100 0.4 -4.0 219 309

3Peak top temperature of the a-relaxation for the B block determined by viscoelastic measurements at a
frequency of 1 Hz. "Apparent activation energies for the segmental motion of the B block.

ITCV A RAAVDEIBIZLY Ty BEW Tup PMEF LIZEKNZOWTELET D, F
ﬁ‘fﬁ4ﬁm%<4wvfmv~*ﬁﬂﬁv9%h&bvﬁg_&#% Tep, Tup DAL L 7= %A
BN RE D—DFETIIRNW ERNbND, £ 2T, X ITZEEICL Y AB f#HNHEF L
TWAREOEASHETO B #HOa " A—2a DB (kL2 & &2 FME LT, S.C. Lee H
. B S RUBHIUE R S TR WVEEIL D b T, MEVMEZ R Z L Z2HiE L7 4,
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TARETIEM SN ES FHIT= o e —2REd L, AFEIC LY F T 2 REBICEB%
HAEHETE X T= Y b E—/NSWMEZ RS (Fig. 3.14a), T D%, MBICZ X D T T A
B TON DB, I E VAo ba E—0RW S BEREN ) & L Tii< = & T,
TR TS D, ZOWEDL T, A HEOLEEIZ LY SEORAH T OFFRL B S50
EMENEML, = hrE—RMME T LD T BEL R T DMEF LI EE X HND (Fig

3.14b),
(a) (b)

(1) before extending
(2) after extending

s5,)

Entropy

ss,] o
(1

(2)

WT, InT,’

Figure 3.14 (a) Schematic illustration of the temperature dependence of entropy before and after
extending®’. (b) The schematic of lamellar structure for Cin-44 and Cin-100 before and after cross-
linking of the A domain, where the rigidity change of the B block segment in the interfacial mixed layer

is assumed.
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3.3.6 YA B $H¥ 7 A v MEBIOEME{LT R F—

A RAAL L ONEENRR B #2772 > NEENCEH 2 2 F 8% LV EEICHET 2729
(2. AR B gt 7 A v NEBNOIEMAL = R VX — (Eup) 2RO, Eup RO DHT-DIC,
Bk 2 72 SRR FN R L7223 & DMA IEE 21T o 7o, % OFEFED tan St % Fig. 3.15a-d IR~
L7z, ZTORBHIIBWT, BREEOHEIMI EW, afffio ' —2 b v ARz 7 b
L7z, afBFIOIRE (To) LJEME () EOMICT L=y 2ARMOBRERET D &, KT
FXh b 850,

E,
In () =In (fy) X 7

RITRMESR, foldBERTZ2RLTWD, 1/ T2k LT In(f) DE% Fig.3.15e,f 127 1
N U7z, Eop D% Z OB HIROME D3RO, N5 OfE% Table3.4 12F L 7=, PEA
RERY 7 —0 Eup 2B L TIX, 30 RHMERIE 2 W CRIERIC L CRD 72 (Fig 3.16a-c),
PEA @ Eop % Cin-44 X° Cin-100 & kX T/AIWVMETH 72, T OFERIT, E 7 A B
EEZ PR T Do DI E R TR LFX—%2F£ LT 572, Cin-44 £ Cin-100 OVEFRL B £
I T AW A BEHAWRmIOEAINZZ EICXY, B A MNEBIDHIRI -2 & 2R
LTW5, £7o, ZUERITO Cin-44 D EuplE Cin-100 LV H RKEVMEZ R LTz, ZOEITE
B DR A= a DEWICH Y, Cindd O BT AL FOHFRL 0O REE
THEL TWeeDEEEZ bND, £ LT, BERIEZETIEEL L OB L AUEIZLY Eus
IR TDRERNE LN, B A NEBNIHO RGN OGT 22 EBmbnTnb
728, A RAAL OZEICELY B SO ARMOMFBENEM LB 65, ZOME
I3 AUEIC LY Top & Tap MR T LIZZERE —F LTV D, F7IZ, Cin-100 TIEZEAEE D Cin-
44 LV EL, DOt DS BHPIZEHD DEIE (= tndds) B Cin-100 DB KEZ N8, 2846
\ZED Eup DHKREE L Top DAV EIZL Y KEL o & X BND (Fig 3.14b), LLED
e, HTARA RAAL 2 OLEEITREOIREAE T OREL B S0 MIENE 2 HE N &8¢
W5nHZEERHE,

04 0.2 35
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Figure 3.15 Curves of tand for neat (black) and cross-linked (red) (a,b) Cin-44 and (c,d) Cin-100 as a
function of temperature at various frequencies. Arrhenius plots of neat and cross-linked (e) Cin-44 and
(f) Cin-100, where the lines represent approximation straight line between the points.
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Figure 3.16 (a) Temperature dependence of G’ and G” for PEA at a frequency of 1 Hz. (b) Relationship
of tand and temperature for PEA at various frequencies. (c) Arrhenius plots of PEA, where the lines
represent approximation straight line between the points.
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3.3.7 Mup B K Vs B3R 72 ZFABI OB & RAFRTER OFSREL B H 7 2 » MEBIDOEEE(
- AR

A RAAL L OLBRENRT AT REOIREHPORER B #t 7 A > MNEME 2 5 B8
WTE VRIS T 272012, B OG-8 (Map) & A HOKFEDFE (ga) DE2 D
BHa Bz IR Uiz, SRS L7230 A B SBHOTEAE (Na, Ng) &0 T &4 (PDI) BL W
¢ % Table 3.5 (TR L7z, B4 D CEC(X, Y) D X I1E Np. Y idga ZZNENELTWVD,
CEC(230,0.56) (28 Ti%,3.3.18i? Cin-100 & [7] Uik T 5, CEC(182,0.48) & CEC(182,
0.58) @ NglXFI CAETH Y | ga B’ 0.1 DFENRDH D, [AIERIZ, CEC(232,0.43) & CEC(230,0.56)
D NelXIZEFRICETH Y, ga 0.1 LLEDOENRSH S, Fig. 3.17 DETOREIO > F A —
REAH% D 'H NMR A7 kL TIE OH D71 b B — 27 NEaicifk L T2 &n
H.AHOMBHAETICY YT A— MR EASI N Z & 2R L7z [CEC(232,0.56) (X Fig.3.6
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Table 3.5 Characterization of polymers

Code Na2 Ng? PDIP N
CEC(182, 0.48) 74 182 1.31 0.48
CEC(182, 0.58) 109 182 1.37 0.58
CEC(232, 0.43) 77 232 1.50 0.43
CEC(230, 0.56) 118 230 1.28 0.56

aDetermined by '"H NMR. *Determined by SEC in DMF using poly(methyl methacrylate) standards. “The
volume fraction of A blocks calculated based on density of PEA (1.20 g/cm?) and PCEMA (1.27 g/cm?®).

{a) CEC{182. 0.48) (b} CEC(182, 0.58) (e} CEC{232, 0.43)
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i I 11
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Figure 3.17 'H NMR spectra of before and after attaching of cinnamate for (a) CEC(182, 0.48), (b)
CEC(182, 0.58) and (c) CEC(232, 0.43) in DMSO-ds.
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Figure 3.18 FT-IR spectra of neat (black) and UV-light irradiated (red) (a) CEC(182, 0.48), (b) CEC(182,
0.58) and (c) CEC(232, 0.43) The intensity was normalized by an ester C=0 signal at 1720 cm™'.
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Figure 3.19 SAXS profiles of neat and cross-linked (a) CEC(182, 0.44), (b) CEC(182, 0.58) and (c)
CEC(232, 0.43). The dash lines are calculated scattering based on the ideal-two phase lamellar model.
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Table 3.6 Characterization of lamellar structures

d, (nm)? o, (Nm)° dg (nm)? o7, (Nm)° i (NI)°
Sample  Neat et Neat OV Neat it Neat ST Neat i
(18(2:,E(§?48) 9.4 9.3 1.0 1.0 11.7 11.8 1.3 1.3 2.0 2.2
(18(5,E(§?58) 14.4 14.6 14 14 9.8 9.6 1.1 1.3 2.0 1.7
(23(2:’E0(.:43) 9.0 8.8 0.8 0.9 12.0 12.0 11 1.2 1.7 15
(23%:’E(§.:56) 11.1 11.3 1.2 1.2 8.7 8.6 11 11 16 16

aAverage thickness of A and B blocks. "Standard deviation of the thickness. ‘Interfacinal mixed layer thickness.
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Figure 3.20 SAXS profiles at high g region for (a) CEC(182, 0.44), (b) CEC(182, 0.58), (c) CEC(232,
0.43) and (d) CEC(230, 0.56) and the background scattering Iy (dash lines). The In (g*1) for (e) CEC(182,
0.44), (f) CEC(182, 0.58), (g) CEC(232, 0.43) and (h) CEC(230, 0.56) were plotted against the g? for
analysis of the interfacial thickness, where the dash lines represent approximation straight lines between

the plots.
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Figure 3.21 DSC 2nd heating curves of neat/cross-linked samples for (a) CEC(182, 0.44), (b) CEC(182,
0.58), (c) CEC(232, 0.43) and (d) CEC(230, 0.56), where the arrows represent 7gs.

Table 3.7 Glass transition temperature and specific heat capacity of A and B blocks?

T:4 CC) AGA(J K gh) Te5 (C) AC,(JK! gl

Sample Neat E;isez Neat Errlcl)(sesa Neat E;isésd Neat E;?{Sesd
CEC(182,0.48) 455 68.7 0.14 0.05 -11.0 -11.7 0.16 0.17
CEC(182,0.58) 515 64.8 0.12 0.11 -10.8 -12.0 0.12 0.12
CEC(232,0.43) 555 63.0 0.11 0.08 -11.5 -11.9 0.16 0.18
CEC(230,0.56) 51.1 53.6 0.10 0.06 -9.2 -11.7 0.19 0.16

2 Determined by DSC measurements.
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Figure 3.22 DDSC curves of neat/cross-linked samples for (a) CEC(182, 0.44), (b) CEC(182, 0.58), (c)
CEC(232, 0.43) and (d) CEC(230, 0.56).

- DMA &

WERAERT% D DMA JHIE 247> 72 fE % Fig3.23 1O Lz, 2 TOREHIB W T, EE#%
TIEHE G FHOMEDB AL NIRRT 2 e, HT AR A RAAL N TERBEIHEITL T
WBHZEEMER LT, VT, -10°C [T TH LI B#HOfERD E"OE— 27 kv 7 %o
FEFNEE (T.p) & LTED, TDfE% Table 3.8 (2% & »7=, CEC(230, 0.56) #[x< 32D
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Figure 3.23 Storage moduli (£") and loss moduli (E”) as a function of temperatures for (a) CEC(182,
0.44), (b) CEC(182, 0.58), (c) CEC(232, 0.43) and (d) CEC(230, 0.56). The data were taken at a
frequency of 1 Hz and a strain 0.05%.

Table 3.8 a-relaxation temperature and activation energy of the B soft block

To8 (°C)? E,5 (k] mol!)°
Sample Neat Cross-linked Neat Cross-linked
CEC(182, 0.48) -6.9 -1.7 269 252
CEC(182, 0.58) -5.4 -7.3 245 276
CEC(232, 0.43) -7.8 -6.8 266 284
CEC(230, 0.56) -4.6 -8.0 255 248

apeak top temperature of the a-relaxation for the B block determined by viscoelastic measurements at a
frequency of 1 Hz. PApparent activation energies for the segmental motion of the B block.
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O, afEFIOE—2 by TEIRANZ S 7 b LTz, 1/ TolZx LT ln (f) OEE
oy hL7Z7 b= Rx7 2y bt Fig.3.24 128 L72,3.3.581 L [RARIC LT Eup DIEZ SR,
Table 3.8 |2 F & 7=, ZEMGRIHE T Eup DM E 1T L T BRENH Y . & CToREHT
BWTZOZ{LEIL 31 kIJ/mol LA F TH o7z, AFIVHARFID E, 039 20 kJ/mol TH 2 = &
NH, A RAAL VOLEIL Eop IZIZTEEZ H X TN Ebolz,
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Figure 3.24 Curves of E” for neat (black) and cross-linked (red) (a) CEC(182, 0.44), (b) CEC(182, 0.58),
(c) CEC(232,0.43) and (d) CEC(230, 0.56), and Arrhenius plots of neat and cross-linked samples, where
the lines represent approximation straight line between the points.

T

ZERBHITOD Typ B L O Ty OEIZ E H 5 1 CEC(230, 0.56) > CEC(182, 0.58) > CEC(182, 0.48)
>CEC(232,0.43) ORARTH ~7= (Table3.7,3.8), To & TiEa v KA —vardbbes
AV ROMOEDENRRESEBL TS, TO7H, BHOELSE (Ng) L BHOT A
J& (dg) 7>5 B SHOMUNE Y FE (Np/ds) %KD, Table 3.9 |2/ L7z, Np/ds DENSKE T
ROHLE T AL FOMOE Y ENNSWVER Ty & TAXEL 225720, Nelds DIEN RS K E
VY CEC(230, 0.56) @D Top & Top D HEVMETH o7, LN L. Tep, Top D3 HIKD 572
CEC(232, 0.43) 1Z8BWTIX, Nolds DIEITHR/NMEZ RS oo Tz, £ 2T, FaOEAHEF
\CIEET DU B 8130 7 2k A SHEHAF FICH D720, IBAEMPICEEL T D B #HO
FENL VR, T, TdI LV ERFT DN TFHEIND, 207D, 1 DORHEOIEEFEFIC
FIET 2827 A2 MI (Nin) ZRFUT LV KD,

Nint =g X %
AB $HEZNZEND N DIEE . B B REOIREFAPITHAEL TV HEZ A FOEIE Re
(=2Nins/Ng) %KD, Table3.9 128 L7, R DIEA/NSWER, IBAHTICHFEEL TW5 B #H
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BT AL NI Ty, TlZ 52 DTN S LR DTeD, T, Tap D EAFEITNSL 2D, T72
5. Tep, Tup MM HIKDY - 72 CEC(232,0.43) O Nuldg 738/ MEZ 7R S foa 3o T-DIE, Ry D
ERMOFE L X T/NE Do Teled e e BLZND, ZOZ b, ZUERITD Tep, Top D
L Np/ds & Re DFEE ORNCHBEN S D Z ERHENITE 5, TDT=®, Np/ds & Rp DFE%
fHIZE & DT 2Ninp/ds IR LT Ty & Top DIEZ ZILEN Fig. 325 (27w y F LTz,
2Ninep/ds DEENNZLEN, Top & Top 25 EFR-T AR A LN, o, b0 T oy M
1 RBEE DI AR EIZIZIFEALE L W22 0D ZUBHID Typ & Tup I BHDO T A T E
Wk L CORBHT O BEHOE T A2 ML (= 2Ninp/ds) & ORIZHEBENH D Z & BIRE S
iz,

Table 3.9 Conformation of the B segment and characterization of the interfacial mixed layer

Sample Ng/ds? Ninta® Nint,g ° Re° Dint®
CEC(182, 0.48) 15.6 7.9 15.6 0.17 185
CEC(182, 0.58) 18.6 7.5 18.4 0.20 13.9
CEC(232, 0.43) 19.3 7.0 16.0 0.14 11.7
CEC(230, 0.56) 26.4 8.7 215 0.19 13.1

aThe degree of stretch for B segments. "The degree of polymerization for A block and B block existing
in the interfacial mixed layer. °The ratio of B segment existing in the interfacial mixed layer. 9The area
density of the segments in the interfacial mixed layer.
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Figure 3.25 Plots of To,g (red) and Ty g (blue) for neat samples against 2Nint,/dg, where the lines represent
approximation straight line of a linear function between the plots.
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Interfacial mixed layer

Figure 3.26 The schematic of interfacial mixed layer for lamellar structure before and after cross-linking
of the A block.
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Figure 3.27 Plots of the increased value of Top (red) and Tgg (blue) by the cross-linking against (a)
DintRe, where the lines represent approximation straight line of a linear function between the plots.
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41 WS

T T A hw—id, MOt L A3 2 Z &b BB AR A7 EiRIAD
Mg TRHHENTEY , Texr DEET D ETURERAIRBMEICH L, =T X b~ —ITid—
Bl& LT, ATV (B Ty) & BEHIZIKOG WAy (R Ty) 2D ES LD ABA b
V7ay 7 KESEBHANGNTND 15, 2ok ) 7 ey 7 ESKITA AR
WZE D TT MR A BHITEREIIRBE R AL (A KAL) ZFR L, —J7 Tt B 841X
DL FAA VA Z B SHBRTEHOEEN A R34 2 LT 3 Wonef@BEMEL B L T
5o MU Ty 7 EEEMTT 2 h~—D A FAA VIWHEBICLVERSATND
7o B K DGR RETH D, L L BZE DR G =R LF—T/h SN Lnb,
METIZBWNT A FAS COERRHDOGI EhE T s 0, ZDlw, LFRER D
TT AR —EH_RTRENHL, HEOTHBIRENREDREVFET D,

IHNETIT, ABA M) 7oy Z7ESIKD B HEIAL T2 G2 i3 2 & THE DM L
F OB OT B ORI ER S TE 72 11(Fig4.1), Z. Wang 5. A £4IZ poly(isobornyl
acrylate) (PIBA) & B #H(Z poly(n-butyl acrylate)-co-poly(1-vinylimidazole) [P(BA-co-VI)] =4
T5ABA U T my 7 EASHREMRB L., £ 22, 20EHITH 5 1,6-dibromohexane & #s
M+ 22 &T, ZERE ABA Y 7y 7 LEAERO B #HO VI EITA A ARG 2 i L
Teo TDOAFT U MEIEN A RAA WIS ZABT 5 2 & TEREOT AN L
TW5, £/, BHEOERBEEITHEMT 5720, HRIGTbR ELTWS, LML, vk
[FIRF IS ORI L CLE D ZEBRMER->TN D,

_ A domain
. A (physical cross-linking)
l C linke f ‘
ross-linker . .
/\/“'\/\/ — : v Increase of tensile strength
- \ v" Decrease of residual strain
‘ e X Decrease of breaking strain
ABA triblock copolymer - . g . \
v
gtiadl . S 1 Qe

Figure 4.1 Illustration in which the ABA triblock copolymer with cross-linkable moieties in the B
chain forms the network structure and cross-linking of the B chains.

Z 2T, AWFETIE B i RFTRIICEEE T 5 2 & THO OB A IHl L, 225D
m b EFEREOTHAOEWERA AT, TOFEE LTE, ABA N 7oy Z7ILEAKIZH L
THEEOBRERERT 5~ 7 v 8GR 20N L. B & ~ 7 n 2UEAIM CAE 24 = & C©
179 (Fig. 4.2), Z. Wang 5 OE TIE B SHICZMEMERZ LA TAL TS Z LD, 288
2L BHOZEBAE ST EAKEICHD SN TLE S, —FH T, AFETIE B ST
MR A B ATV RN KIRZ2 44546 R 5 R O 2 3 L7223 HIREE D) 23 1)
FpC&E D, £, ~7 nZUEAINN B HEBEETHGESND 2 & TRIBOESIE GG
TAL =) DR END, TDREKE T T AL —TAZ —FIR Y ~—Of% L LI %
L TWb, W. Register & IXESRE 6-arm DA X —HID ABA Y 7 m v 7 KESKDT)
FHMEEZ LAY O G BEREOTHNNS L RD e 2R LTS 2, 2T,
AR —RIRY) ~—OF; GEHEEG CTEBNTFEER) BN A RAAL CETT LIS &25%
FIUZHB L TWDENETHD B ZOX I RBEELUG 7 AKX —HMTH 2 & T, B
FTHOEBPEFFTE 5,
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/\/\/\/+ YN' = A

ABA triblock copolymer I |

Figure 4.2 Illustration of the network structure formed from self-assembly for ABA triblock
copolymer and macro cross-linker. The yellow spheres show the cross-liking cluster formed by
local cross-linking of B chains.

ABA NI 7wy 7 IHEHEWRIL 2 BEFEDOR B8 7 2 1 VEE (ATRP) (XY, poly(tert-
butyl methacrylate)-block-poly(ethyl acrylate)-block-poly(tert-butyl methacrylate) (BEB) % Ak L
7oo BT, v 7 v ZREAIIL ATRP (2 X Y ethylacrylate & {HISHIZ 2B TH DLV 7
=/ EATLHT 7Y L— hoESK poly(ethyl acrylate)-co-poly(2-benzophenyloxyethyl
methacrylate) [P(EA-co-BEA)] # &K LT-, ~7 vZ2EANIL B oD~ kY v 7 & EF”\l%ETR
FICBATDMENH DT, HEAGKRO A% BEB D BE#HEFCIC L, £/, N
Y7z )% UV 7‘5%:%!1@“5 L TCIRF EOKRFT N TRl &E, ”*%%ﬁi‘ﬁéﬁié
Mo 5, BEB &~ 7 nfUaAl 2 LTis M LT S v 2 MI RV S s 7 4 v B AR
L7z, B\ =— VILERT% . UV JtZ ST 2 2 & T~ 7 n48E#l & BEB @ B #4[#] CTHALUHE
i LTz, ~ 27 a ZUEAIO AT R L ORI 0T /LA r P —3Uh g X BREGL
(SAXS) (2 X v Fi# L7z, BUrEE I RZ2EEREE (DSC) HIE & B HYE (DMA) HIE.
TFHIME TR AR Z AW CTENENHE LT, £, v 7 r2UEANIT s FEo Y
Tx ) D=y MEBNERRD 3 OB TR L, BIE7 T A —OESREEE L
EAL S TR OYMEDE LA A LTz,
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4.2 EB
4.2.1 BREB IR

2-bromoisobutyl bromide [ 5Ll HL (TCI) ], dietylene glycol [FiYEA%E T 2415 (Wako) ],
triethylamine (Wako). N,N,N’ ,N”,N”- pentamethyl diethylenetriamine (PMDETA) (TCI), CuBr
(Wako), (1-bromoethyl)benzene (Aldrich), 4-benzoylbenzoic acid (Aldrich), SOCL, (4 F A %
A7) XZEOFE FEH W, ethyl acrylate (TCI), 2-hydroxyethyl acrylate (TCI), tert-butyl
methacrylate (TCI) (ZEAZEIEAZ I RS 72O T7 A I T AT MMZBLTOLLEH L,

'H NMR J%E 1% Bruker #-:% DPX-400 (400 MHz) % W C=IE F CTir o7z, TORE, 7 b
TAFNT T U HEEYE (0 ppm) & L THWE, BEES T8 (My) 38X 0% &5
(My/My) 13V A RPEBRZ o~ b 7T 7 ¢ —12 X o Tl L7z, AR > 713 Y —#:8L DP-8020
BT AFH Y —FEH TSK-gel a-3000 & a-5000, ## #1381 > —#:8d R1-8020 % Z 4
Wiz, BT LNREE 40 °C, ¥EBEIRICIZ THE 2 AV, itk 0.35 ml/min CRIE 21T - 72,
/N X BRERGEL (SAXS) MIEIE, HARDEE S > 7 v b BL8S3 DE—LAT A &
T, HATEN21m TXHOWEN 0.151m ThoT-, REEHEEE (DSC) HIEIX. H
SEAESL DSCT7020 & WV CTEZHEHR T TITo 72, AT, 30°CH>5 140°CE THIRATT -
7o, -90°CE THHEI LT, FON -90°CH 5 140°CE CTHIRZIT o 2B OFER 2/ LT,
¥, FIRB L O EEE T 10 °C/min TiT- 72, BIROKEHME (DMA) WIE L, —dlE Acks
L EEE DMS6100 (Hitach High-Tech) TT572, 0.05%D T A FT-40 °C/H 5 130 °CE T
3 °C/min CHIRZITo 72, 73RBS KOV K U5 IERBILEERIETT O AGSx & fn
T, 7B A~y R@#EIX 10 mm/min TITo 72,

422ABA b Ty 7 EEBEESEOERK

ethyl acrylate (EA) & anisole (50 wt%) & & ATZIRIEZ 30 DHERTANT IV /7§52 &
TN OEAFIER 20 R e, 2212, BHK FTUH 2 RE LT PMDETA, #ififili &
L T CuBr, 2.2.2 #iCH7= 2 BHEMEBIAEHI 2 N 2 7=, A5AZ B, [M]o: [1]o: [CuBr]o: [Ligand]o
=650:1:4:4 & L7z, BHE T, 80°CTHAZITV, 3 KL, RISH AR A KKIZIRE S+,
FONRIR 2R CNT Y o 735 2 L THEZEIL L., BOIVZER%E THF ([ZEfE L,
A CEILEER Lo, RIS, B0 B A CHCLIZEiE L, 7V 5 T ATl
I & CHfE A B BT,

#EUNT, tert-butyl methacrylate ((BMA) % LRLTHB L7z PEA ~ 7 v Bakl 2 W CEAS
%1T-7-, PEA ~ 7 nBith#l% anisole (3.2 wt%) (ZIAfE L., 30 DREIEHZ ATV 745
Z L CIRIRN OBEFIESR 2 B0 BR =, £ 2I2, 23 FC BMA, PMDETA, CuBr %1%
Too AIAZREEIX, [M]o: [I]o: [CuBr]o: [Ligand]o=320:1:5:10 & L7z, £%& ., 80°CTHEAH
ATV, 24 B§fftR, SOGASREAOKITRIE S, SRR EZEXTNNT V7352 8T
HEZEIE LT, BN %Z CHCL I L, ~F 3 TR R 21T o 72, &%
(2. B OB 2 CHCLIZIEME L, TV 28T L@+ 2 & CHfliE 2 B0 Bz,

4.2.3 ~ 7 ZEBRIDARR

ethyl acrylate (EA) & 2-hydroxyethyl acrylate (HEA) % DMF (50 wt%) (Z¥AfE L. 30 FrfilaE
FTATV 7452 & THIRNOBFIRFE Z B Bz, £ 212, %3 FT PMDETA,
CuBr, BH#AAID (1-bromoethyl) benzene Z /272, E% ., 60°C TEHEZITV, EHOEIL
LR A 2 K AKITIRIE S8, RUNRIR Z ZZRQ CNT N o 52 L Tiro T, 6T
k% THF ([ZIEfiE L., KERA X ) —NVOIRBTABE CHILERE R L 7=,
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BNT, Ny 7=/ % HEA O OH EIZEAT L7120, LR TR ILEARE
HBMLK pyridine 2R L7, £ Dk, 2.2.3 fii C4537= benzophenonecarbonyl chloride % /1 %
R TIPS SETz, BUGE, b iii%Z THE ISl KE A X 7 — LV OIRETR
BECRLERE R UTo, B, 15 4L 7o kb2 CHCL ITiEfE L, ~F 0 CRILEE R 217 -
7o

4.2.4 NNV T T 4 )V BOFER

ABA N7 my 7 EGERE v 7 v UGS %Z CHCL IR Lo, 3 HREIKS ¥ A M
HTET NI 7 4N AEER L, D% 1 HEEZEEEEZ1T 572, 80°C,2MPa T 1 47[H
ATV ATHI LTI ANDERE LT, FDT 4V % 90°CT 1 HM 7 =— /VALEE LT,
7 =— VALEE . UV ) (365 nm, 41 mW/cm2 MAX303, Asahi spectra) % =Rl T CHli [ (2% L
T30 M SMREd 2 Z & TREEZ i L 7=,
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4.3 FEREBLE
431 ABA R T ey 7 EBEEKLE~T v BBBRIOERK

ABA bV 71y 7 HEEAKEZ 2 B¥PED ATRP 12 L W A L7= (Scheme. 4.1),
Scheme 4.1 Synthesis of the ABA triblock copolymer.

N
Ao % i’“ﬁ‘ﬁ?

.-""'"\-l:.

Br Br
WD\"X o >
YIS AR

.-'-'.

difunctional initiator PEA P{IBMA b-EA-b- rBMA}

:—'—»—L\b

2 BEHEMERHARHI ) & AR B 5 & 72 5 poly(ethyl acrylate) (PEA) % ATRP {Z LV ARk L7=,
PEA OHCEYE) oyl 'H NMR JIEN B3R D72 (My = 1.82X10%) (mbji IOV 3.3, 1
iz M), %\ T, tert-butyl methacrylate /BMA) % PEA ~ 7 v BAAAHKIO WA ¥wA> 5 ATRP |2
L VR &¥ % 2 LT P(BMA-b-EA-b-BMA) (BEB) %#1537-, BMA OEELIZ LY SEC i
0)1: 7 by TR ESFEANCY T R LT (Fig.4.3), SEC HIEIZ L0 iy FEE RO TR,
=220X103 Ch-o7=, F7=. MEOELE DE (drea = 1.11 g/cm3, dema= 1.02 g/cm3) iRNS)
A fﬁ@ﬁﬁ*“ﬁé $0.18 TH o7z,

Relative intensity

Elution time (min)

Figure 4.3 SEC traces of PEA macroinitiator (black line) and BEB (red line).

WIZ, ~ 7 aZiEH| % ATRP & = 27 WALRIGIZ £ W & h% L7= (Scheme 4.2),

Scheme 4.2 Synthe51s of the macro cross-linker.

i) @\mw choy g

Es'rprlflratlan
initiator u

L]

F£ 9. EA & 2-hydroxyethyl acrylate (HEA) DILEA K% ATRP 12 X Y A5k L7-, Fig. 4.4
D HNMR A7 ~L L0 BBRIOEEFRO 7 0 kB —2 (7.1-7.3 ppm) (Fig. 4.4 D a,b)
& PEA & HEA O-(C=0)OCH,- 0)71:! hE—72 (3.9-42ppm) (Fig. 4.4 H D cd) DOFEIEE
MO Sy F 2R T-, £7-. EA & HEA Okt HEA OO 7 o o v —7
(4.7 ppm) (Fig. 44 1 h) & EA & HEA D-(C=0)OCH»-D7'1 k> E—7 (3.9-4.2 ppm)

(Fig. 4.4 T D ¢, d) OFESF SR D=,

66



a b
c,d
a@yh:ﬁ/wﬁ.
a b n -
oF o o
/Jc EHd

o8

h
ab A

7 [ 5 4 3
Chemical Shift (ppm)

Figure 4.4 "H NMR spectrum of EA-co-HEA in DMSO-ds.

FWT, HEA DKBBIEICR Y 72 ) 2T AT LRSICEVEANT D Z & T
poly(ethyl acrylate)-co-poly(2-benzophenyloxyethyl methacrylate) [P(EA-co-BEA)] % 157-, Fig.
4.5 O '"H NMR A7 kL TlX 4.7 ppm @ HEA @ OH FENTEEITHE L, HT-IC 4.3-4.6
ppm (270 b — 7 B L=, F£72. Fig.4.5b ® [P(EA-co-BEA)] ® 'HNMR A7 |
NTIERNY 7=/ rO7a b E—=2 R8sz, ZhoOfERN 5, HEA @ OH A&
DETIIRY 7o ) UNEASNTZ L a2 LT,

(b)

OH
EA-co-HEA j\

EA-co-BEA
5 4 8 7 ] 5 4 3
Chemical Shift (ppm) Chemical Shift (ppm)

Figure 4.5 (a) '"H NMR spectra of P(EA-co-HEA) (black) and P(EA-co-BEA) (red) in DMSO-ds.
(b) "H NMR spectrum of P(EA-co-BEA) in CDCls.

Table. 4.1 (2~ 7 0 Z2EHID M,, EEE (N). BEA DEASE (Nppa), 27 F 834 (PDI) &
Fpkb 2 £ & w7z, PDI 1L SEC HIEIZ LV Rkdi=, &£ TO~7 v ZLEAID M, 1X. ABA b
U7y 7 HEAKD BEHOSFELUT 2> TS, B4 O NXBY)D X iTEA AR
DN, Y IE Npgpa ZZNENEK LT D, N23(B3) & N36(B13) O N IHIFIEFE UfEIZ/2 5 X
INTHE— L, Nppa 23702 L O IR L7, —5 T, N36(B13) & N101(B17) (28Tl
Neea DIEBIFIEFRCTHY . N> T5D,

Table 4.1 Characterization of the macro cross-linkers

Sample M, x 1042 N2 Ngea 2 PDI® EA/BEA®

N23(B3) 0.30 23.4 2.6 1.2 8/1
N36(B13) 0.66 35.7 12.7 1.4 2/1
N101(B17) 141 101 16.8 14 5/1

aDetermined by '"H NMR. "Determined by SEC in THF using poly(methyl methacrylate) standards.
°Ratio of EA/BEA in the copolymer calculated by 'H NMR.
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4.3.2 BELOIERR & 2

BEB &%~ 7 vZiGAl % CHCL IZIAfR L, i v 2 b, B2 L v s 7 0
LEAERR LTz, T OB, &~ 7 0 Z844E#K11% BEB @ 10 wt%D &AM L7-, 723, N101(B17)
BN T, Swit% & 20 wt% D EA2 RN L 723kEk b ER L7, 80°C,2MPa T 1 %) Wﬂ7v
X#é ETT 4NV ERRIE LT, 90°C T1 HRET7 =— VAL 5 2 kfﬁﬁ%m

E7R X 7 MBS 2 TRk ST, 2R ﬁiUVt%ﬁﬂ@ﬁﬁ Wfo%%#
Z) & TR it U 7=, 2R DS @Eﬁ A otbﬁotoz‘u BB 1R DR
CHCL T2 &4, 1 AMME LZ1%IC wﬁ %HotoﬁMMZi@£T®ﬁﬂ B
T/f/wiz/\ﬁ:%%%nt_tz»% HEAEPEITLTWD Z ENbhoTo, 72, & TORE

M TY IV DEICK E BT H DR T,
Table 4.2 Results of swelling tests
Macro Addition amount

cross-linker wit% mol% Sol component (%)

N23(B3) 10 73.2 41.7+8.2

N36(B13) 10 33.4 42.7+9.2

5 7.7 529+34

N101(B17) 10 15.4 546 +4.6

20 30.8 56.6 + 8.3
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433 FENFRI—

SAXS HIFEIZ L W E/FR e V—%2 A& L (Fig 4.6), L7027 7 A VD g 1 XHELRY
RV (F4rsinOr!) 2R LCHEY  MI X BROE K, 01FHELA ThH 2, 2 TOREHZBW T,
BELE— 27 DB SN2 L6 X7 e S BERIE DI A R S 7, N36(B13) &
N101(B17) % 10 wt%#shi L7=slBh Cid 1 kv — 27 L 0 /AW (¢ = 0.2 nm! f13T) 12/ &7
BELE— 27 BBl STz, 2L, = 27 uZBEGHIOR Y 7 = ) RIS EE LB &
EZOND, TOBELE —27 5 N23(B3) TH LIRS0k, ~ 7 v ZB4EGAlIO~ 7
= /D=y NIV ThH D, £72, N23(B3) O &EiF~ 7 vaZ8EHloH CThk
BNz N23(B3) O HMER@Emr-ToZ b B2 6D, N101(B17) % Swt%dshn L
tufhﬂ BWTIE~ 7 a8 BAIOERMEN DT, ~ 7 o ZRERIDNEE L7- 8l e —

TIXH BN T2, N101(B17) % 20 wt% il L7230k Clid~ 7 v 8GO EE N KX <
20, TOBERILE 27131 ke —7 LRIT g OMLEICHB LI EE 265, Fig 4.7
DOFELDOFE T, N101(B17)-20 wt%ld~ 7 n ZEEHIOEEN K E W L2 XD | ok}
EHRTEHERMET L TWD Z bbb,

(a) ] (b) ]
5 Wit
3 3
i S
> =
h o
| =
=2 2
E E
: N101(B17)
ﬂl - Iﬂl2l I ;:}I-ﬂl I Il:l.En - ﬂlﬂl I I‘| (i} 0.2 ﬂ-l‘ ﬂl.ﬂ ﬂfﬂ 1

g (nm) g (nm)

Figure 4.6 SAXS profiles of (a) BEB, N23(B3), N36(B13) and (b) samples with 5 wt%, 10 wt%
and 20 wt% N101(B17). The red lines show cross-linked samples, respectively.

N23(B3) N36(B13) N101(B17)-5 wt% N101(B17)-10 wt% N101(B17)-20 wt%
N “gh  NITch NITech NITech NITech
)- :
.ﬁ,. 3 NITech NITech NITech NiTech

I‘h : NITech NITech NITech « NITech

Q--

Flgure 4.7 The pictures of the neat samples with macro cross-linker.

1 RE—=7 D=7~y 7D g DIELHENE (o) DfEZ Table 4.3 IZZNENE L DT,
N23(B3) %R\ =2 TOREBHI~ 7 a 28E#H] % & A TV BEB & g BX oM FIEFR T
ECThHoTz, ZOZENDL, 7 B ZUERIRMAIE T A KA A CHOBEHESC I 7 a8k
EEDOBAIMERZL L TR ERboyoT7-, N23(B3) Z U L7230k Cid BEB & b
Tq LoNRORNSVWMEZR LT, ZHiE, N23(B3) DIRIMNC & 000 KA A [ FERE ) 1
L. 27 BRSSO AME A E L7 2 & 2R LT 5D, N23(B3) 14~ 27 o ZEAEAIA
WINENTZENDEP R HRE W (Table 42 ZR), ELFa Y — ’%ﬁ*i“ﬁxi‘%ht@t
EEZOND, Flz, HEERIR TR TORBHIB W T, ¢ BEPoDEIXIZIFELL T
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Table 4.3 The g position and the full width at half maximum of 1st scattering peak

q(hm) o(nm™)

Sample Neat Cross-linked Neat Cross-linked
BEB 0.40 - 0.14 -
N23(B3) 0.38 0.38 0.10 0.11
N36(B13) 0.39 0.39 0.13 0.13
N101(B17)-5 wt% 0.40 0.39 0.15 0.13
N101(B17)-10 wt% 0.39 0.40 0.13 0.13
N101(B17)-20 wt% 0.40 0.40 0.15 0.14
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~ 7 B ZEREAINFEELIZ BEB O B 4G L TW DM EHE T 572912, DSC HlEZ1T >
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& N36(B13) 2B W TIE, ZHEIZL Y BEHO T, 8 EF L=, ZORERND. 444G B $8
MCTETTHZ L TBEHOES AL FOEEBMEIMET LTWD Z &3 Dho72, N101(B17)
(B LTI, 20 wt%iin L7z ABHIZEBIC K D T, O ERBRHLNTZR, 5 wt% & 10 wt% T
X Ty D EARHB LN oTc, ZhUE, ~ 7 n BEAIOT NG FEPMOPE & T E
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Figure 4.8 DSC curves of (a) BEB, N23(B3), N36(B13) and (b) samples with 5 wt%, 10 wt% and
20 wt% N101(B17). The red lines show cross-linked samples, respectively.

Table 4.4 Glass transition temperature and a.-relaxation temperature of B chains

T (°C) To (°C)

Sample Neat Cross-linked Neat Cross-inked
BEB -8.4 - -6.5 -
N23(B3) -111 -7.8 -9.9 -35
N36(B13) 7.9 -6.9 -6.0 -4.2
N101(B17)-5 wt% -8.9 -8.8 -6.8 -5.6
N101(B17)-10 wt% -8.3 -8.3 -6.4 -3.1
N101(B17)-20 wt% -8.0 -6.4 -6.2 -5.1

BN T, BB BT DR 2 9 5 7212, DMA IE %47 - 7=, Fig. 4.9 IZIREIT L
THPRHMESR (B LHRKHMER (B 27 vy F LTz, 2 TOREHZIBW T, ENE 2 BT
LI LT Y | KBRS B O N T AR D afBk R, 2 BRBEE 2 A S0 T AR
BlZLoMTHL, E'OE—2 by T ERofEFRE (Tw) LED, Table 4.4 ITF & D7z,
ETORED TNEEIZ LY ER LTz, 202 &b, DMA JIETIEEToORE) B
B CTHEEREIT L TWD Z & MR TE T,
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Figure 4.9 Storage moduli (E") (solid line) and loss moduli (E") (dashed line) as a function of
temperatures for neat (black) and cross-linked (red) (a) BEB, (b) N23(B3), (c) N36(B13), (d)
N101(B17)-5 wt%, (e) N101(B17)-10 wt% and (f) N101(B17)-20 wt%.
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Figure 4.10 Stress-strain curves of (a) neat and (b) cross-linked samples.

Table 4.5 Mechanical Characterization

Ey* (MPa) o  (MPa) &5 (%) Toughness " (M1/m’)
Sample . Cross- Cross- : Cross- Cross-
| Neat  yked V' inked ' finked "' Jinked
BEB 20 . 0.64 - 231 . 0,94 -
N23(B3) 1.6 27 0.44 23 239 203 (.69 23
N3i6(B13) 1.7 92 0.52 26 222 200 0,71 3.0
NI1DI{B17)-5 wi% 27 6.1 0,75 1.5 302 288 1.6 2.6
MIOHBIT)-10 wi%s 24 (] 0,71 2.1 219 262 I.0 34
NIOHBIT:-20wt™ 1.6 8.7 0.86 1.7 275 241 1.5 2.3

aY oung’s modulus; Pmaximum stress; cbreaking elongation; mechanical toughness estimated from
the area under SS curve.

KRG Z O ERBME R T 2o~ 7 v4 ﬁﬁ%lOm%%MLtﬁﬂﬁf%ﬁT
Dl O MIHRKEMDSTZDIENI6BI3) Thotz, T, BES 7 AKX —DOLERBIE &
@@%bemék%zgﬂéFg4u LENEND~ 7 v BUGHINTERR T D84E 7 7 A
=D ZR LTz, $T VG 7 T A X —OZAEE IR L TIE Npea DD K X WVER,

B RDHENTFRTE S, DD, N36(B13) (Npea=12.7) 1L N23(B3) (Nsea=2.6) £V
%mmik%<ﬁofwé L2 L, N101(B17) (Ngea = 16.8) (23N Tid Nppa D3 b K&
WDIZHED BT, G ldE B/NE 2o 72, NI101(B17) 1Hflio~ 2 15 ﬁﬂk%mf”%a
MDRENWZ EMOIRIMENT-~ 7 0 ZBBRIDOFNSRI/NEN, OF 0 BET T AX—D
B b DIRNZ END, G (INEL RoTn b EZ BN D, F\WO T, MEHHHONZE L Tl
NI101(B17) b REVWVEA R L TEY, HEEEWZ &2~ 7 n 48664045 £720 ) BEB X
DHRORREVMEZRLZ, ABA N7y 7BIOTT A h~—OMEKiOKRERERE L
To A FAALUNOLORMEOBIERENEF 6N 5 68, B2 EIc L v Ekan:
NG T AL —DFIEIC LD, 08 A RAAL U BB & -# bAME 2T
TEEZLND GEEIL 4.3.7 BiCTHB), 52, N101(B17) IZBWTIX N Mo~ 7 a4e
BRI L EERTRENZ ED, K0EL D B #HELBICES AL LNTE S, 2F 0,
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Figure 4.11 The difference of cross-linking density, number and size for cross-linking clusters.
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Figure 4.12 Cycle stress-strain curves of neat and cross-linked samples.
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Figure 4.13 The plots of elastic recovery for (a) neat and (b) cross-linked sample against the value
Of &a.
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4.3.7 SRR FIRER
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Figure 4.15 Stress relaxation curves at a fixed strain of 25% for (a) N23(B3), (b) N36(B13) and (¢)
N101(B17)-10 wt%. The black line shows BEB.

BEB |3 N CRIEGHHN A AL U Da| & & 2051 &= 8IT5E 2l
FEFMLCLE S (Fig 4.16a), — 5T, v 7 vZEHl L B S5 TGN ITON TV HEA,
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T& % (Fig.4.16b), ZAUCT LV ZEH% OFREHT BEB & D FEFINELS oo B2 b
%o N23(B3) IZBWTIL, UG 7 7 A X —OEMBMhD~ 7 n BUEH L b _XTEZ W, #EH
A N RRFFCE DR LB 2 6D, 7o, TIUT LV NBEER OFEND 5 A3 i
EEEFEVMEZ R LB DBNRD,

L L A (b) Cross-linked _ Ix

v = TN ~”T¢i3

Figure 4.16 Tllustration of end chains being pulled out from the A domains under stress in (a) BEB
and (b) samples after cross-linking between B chains and the macro cross-linker.
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Figure 4.17 Elevate of recyclability for N23(B3), N36(B13) and N101(B17)-10 wt%.
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