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Structures

ZZYU | Joonil Cho

Emergent Bioinspired Soft Matter Research Team, Center for Emergent Matter Science, RIKEN,
2-1 Hirosawa, Wako, Saitama, 351-0198, Japan
E-mail: ji-cho@riken.jp

1LM2

ul= 315135] 0] HE BEQl 318t 25 AH|A(chemical abstract service, CAS)7} 25k 1= F(H= ©|
olg Hjo|xo] 524 EAH] At AR 1948 dojylon,! A2 71 &=t g " 509 Fojl= 5
F 22| 7ok 6] Aol @8 A LR AT o714 g 7HR] ke AR S @A FEE oF 19 ) B
ZollA ok 7,5009F 7§71 A 1087 AEA SE= Acks Holoh 2™ 1). EAkse] #HoflA] viehs o, o
S} ool A AT o] 23t Q1 A2 niX] ABETHE theFdo] A o7 Ftar P A & ZHE o}
715 AAsIA| Tk AR, A SATAZE AL §H4, A D 5 7149 HlekEl WA o 2, o) Alde]
== 7 A TR =8 EAS0] S43TE 53], 19208 o 24 Herman Staudingerof] ©J3f4] 7
] Exgiant molecule 1= macromolecule) 2] 7igo] =QUE o]& A A Ko 2 S AF 2 1EA} 3}
ol 2L HREAIS] Y D A F7 71eY] S-S SolA e ERtAE T e 2 R &
&3t B E0] AT’ o|2gt Tgoll A Thad] BAe] oLt FHeh 2hS oFA Q] ZHl o] Akto] o] 2o
%l 22 ot 1960 At} Charles J. Pederseno] 23} $/d€ 2k oflH| 2] 7t A+E A|ZHS2, Donald
J. Cram¥} Jean-Marie Lehn 59 34 A5 B34 715 ofRl 28} 88K (supramolecular chemistry) 2]
Mgo] mEAL 345} Aol =YEHA AT Theby E3 Z71sH HYth’ ol2jgt dRle] 58 &4,
1990t ZRto] AJ2HE EA}o] 17| 27 (self-assembly) FA44of Tt A= TEA} 515k 7|49t 9o 22 A4
Ql o] HEE A A=K, ok g A", A eH AR, T8]1 282} T8 supramolecular
polymer)o]] ©o]=27]7}2] thFe] A3 X|&2 o= S A7 A=A Qiek 771 EAPF vehl=
S0 FE3E 7129 dAtel 2o, EA A28 @A B3t A9l 5Y EARE E= olF AR A
A7 EA 2H0A Uetdl= -l F53517] wiiZel, T HoF At ohekdat Bxbdo] vefdo s
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FEE, 2T S0] ARl 8] Febshe 58 7HsAdel
2he WHollA A& golsiaL Qo A= At =4 @
ZHNdE 2 A AR Sl AlZEtol Eoh g2 &
7] At FA Aol ol 8she A8 LEA AR RS
A3k, MEA 5787t LEAF R 2EA Al2F 9] gl
o] A-g2]Ql SHofA 313 S UehliA] Zskal Sl=
Zo] @Al A8 501, EF FTYAY A E5 35
A7t Bdske S5kl vt vl 2ok E
HA] 2~300] Fo] At A Fe 0|27 7HA], P2 AT I
Y Y= 275k, &5 S5 dAS] S5 AEE T
27t Yehdis S40] 33 or S-85= ol sk
of Gt olo} e ATk Hlgk BF FEEA At ohY
2} o 24 A EA 9] oM = v ot oj2fdt A A
off tigt 24 L4 AR 875 kgt %, A2 A=
A Ao Bt A =eolMe BA AdAle] 24
A S/3< olslivhe BlM ZLAA] @31, 715291 Sl dish
M ZEshe dlE Bl Jg < o

& Jofrts 24 AdAS] E4E B83h7] fleiA A2
ok & A F2f sl " 2A A AAA R i
off #5310, ZAF AAAE AAH o2 viiFshs tEAd
B O IR S -8 AR A AR di o] A
A2 77 e E= vo|AR0]E M= 2 H=
H =5 AN ANAY dYolMe B =R E
o] Hoflx|o} 22 SRR aQ19] gIFo = Z47to| Bat
HAZEFEAASH) v gy o] 23, 24 H3HA7F e
Ule =214, sfeha] S/4do] A=A i) ol2fdt &

B 1, HARQ! &S MSish| 28t 71s
A4

i 71&

el 018 HYY DEX =5 SSEA

Zone Annealing E22 I

Zone Casting Uy 21}, 22 Z5

H7189 018 LMY DEX HEAE, 5 SSEA
HAZA M2zl MM 22Xt 2 T2EXt

M
xt7|Ato| 0|2 = S =4
i8S oS HEO|E, 22 BEEA

=25 milien |
40 years

14
MWNHM

21, 20158 7K HEE CAS S2 744:9| 2t J2HZ, Printed with
permission from CAS, a division of the American Chemical Society,
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AL A7) S, B e AAAR vl 2
3 B A7k REo] ek £ TelA e} 3 28
A2 o] Rolz] 1A AL ANHR ek @] 9
S A ] Uejol B Al n, A AT
Aatg afich

2.

ria

=

A, B2 A “AAZRQI viEF o] Bt =25 A
gl QloiAl, AXIARI 7)o thigh A&t 7|2 AT
a7} Slek ol fI8l Thekgt 7191=(¢ll, marcroscopic, large
area, long range ordering 5)& ¢35, T 2~30d7
o] AL ATE A AT, mm~em $E(EE mm’~em’
29 F9)71A| BA RS @A AYES W aE 4 9L
Ut 22 FA AP BAdske nlol2= E=H219] =270
w2}, = At E30] mhh AAER] A=) 4232 mm~cm
(F= mm*~em’) B} o 27 B39 Sw glo, B o]
A= mm~em(EE mm’~em’) 4:20] 22} ojgRe SAgE
dE FA0 2 AJfEkA} it

3 AN E v o2 AF71R| A ohet B4
HgF 7] FollAl, o8 ¥1=7} oL, AAZQl B4 vk
g A7} Qlom, (o2 E TRkt BAF ARAY] At
A 282 AoE 7dEE oAl 7] 7eE AT
(E1). gEo] & oA a7k BAL #iFF 7eS olslF
ol QolA, ZA T 7HA] Froslior & HS Aelshd thaat
2t}

1) B2 JgAG] AXA vigE 5329 a%1e] Zxt=2
e 4= it} A& 501, & e = EAsk= 24
HAFAE 71E-9ZsHAY Tz A7 elU A7
EYT A, T T, 2= ) B T Al 5ol
BAlol TS = Q17w AdEa T2 SHE %1
210] BA} A 9] AAA gkl ¥ & 5= AUtk

2) AgoAs QA AWt FHo| SRt Tk,
B2 AL 719K EE ) Atele] A 2 7]9ke]
ol BA} AA|S] AAA uligke] v|2|= FF=
wfjof] wabA] a2 = ojof gt}

& oAM= =015 TS 817] I8iA] ZH2e] wlRk 7]
=9 B4 2382 w3, A 9 39O g3l tisiA=
Zo] &2 gheths A vlE Hilth E3h 4 FR79
A A (A, EF 358A) ol =3ts1A] gt AAA =)
F AEE 7|02 TRt 7Y BA HAAY AE &

TWghet.

2.1 Mt (Shearing Force)?| 0|2
A o83t BAF HiRRE: dHhA o 2 = 719 79k AL
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o

| 2xt 2ol AAX wiEe st Jla

m

olo] 548 2= B4 JFA| (A, FIRERY T AR
EZY yutg A E 1, $ & 7Rk E e R &
2] o 24, o] u RRYE= Atk S-E(shearing flow)of| 2]3]
A AR vigRE Alofsh= oIt o] WS 5t 717
o= A A =T 4= Q7] e, B WAL vt &
S A E = b v 3-831t} E3L &) 2n]E|(rheometer)
o Zr2 B 717]& ol g3te] A 7Istd, F 7|5k A
olof Zhg-oh= o2 W AT o] 27)9F HGAI7HS 2 a9
weh 28 = QlojA|, Akt Eaf gA| 9] wigk 7he]
AATIAE AAZ o2 lefeh 4= 9t FTol= AdgS
7¥ek= AH|o|A|7F B2k P8 dnF ke AE3tE o] Qlo],
AtEo] oA WAsh= BAF I vl kel wst
£ AATEe 2 T = QA Hct B2 A Q] F5el
b, A9 7ishe A2 E s W 99
(~em*)ollA Expo] Tl uijgRe 2AIE 4= ek U A
TS o] g3t YN o R BAL JFAE 715k thaliA

CH,=CH-COO—(CHp)11—0

CHa(CHz)11—0 COO—(CHZ)Z-N@N\
~  CHj
CH,=CH-CO0—(CH,)11—0 BF4
1
CH,=CH-COO—(CHy)11—0
CH,=CH-CO0—(CHy)11—0 coo—(CHz)z—N@

\/N\CH

CHy=CH-COO—(CHz)11—0 BFy ®
2

Compound 1 =
(Cr 20 Coln 50 Iso / °C)
Self-Assembly Self-Assembly

on Modified Surface
NH, NH, NH,

under Shearing Stress

(a)

Photopolymerization
(c)

Film-V
a8 2, T HiS O|RMEEE LEHE TEX ZES MM5| I8t oy
of got Ext 19| Xb|AE SN2 SaiM MAE 2y o

SollM Film-Vv (0t217|2 B®HO| £AlE 7[HlE 0|88t Z?)2t
Film—-P (MCHEE 0|2)2 MM ™ Adapted with permission of J
Chem, Soc. Copyright (2006) American Chemical Society.
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o2 WiFA7 I RS g b Hla), 4o 2 )
o 754 28R} BEL Az o of2igo) glek. 3k,
ele 2 vjo|2zn]E e if$ ghe BEelA: 1
o] 2 UERx) gron, Qebdom W Az & 4g
=3
F7H Kato 4=0] A7 HE 117 10f Hol=uje} ol
7]t chal 4] B 4 o B AN A0 R HiRE
Ol eHEA ALL 2 WA ES BAE o] HEH
k. o] $I8A oA A= & a7l ojn|thEEl R |9}
FTA7FsS 28714 o2V E ZFRt BAF 13 B4} 25
SHATHLE 2). o} 7]9] polA| ZJol7} ' o) X4,
T 245 24 19t A2oA ARAES vehdllch #2441
< o83t 2] 714t 9ol hexagonal 2 F25 A4S
T, AdEe 7P A AEA 2 Y S 1ol 714kl
3 =8 ke = uligFE T2 3). E3E R 716k
HHS oI O 2 A5 79, ST o A= 7FHA] ¢
ob= EA HFAY) 2™ F=271 7|4l s 2] Bk
2 ufRFE Qlet. B4 AFAIE vigFet ool Ao A& A}
sto] £4}19] olm 875 SR EMN, AXZ R gk
S 2= 18R BEs 2 o Utk Eoi7l Film-Pet
FIm-V(3d 2= F 3¢ 2F ol A=A oy
(anisotropy)= LT

oj2fgt M o] Fafo] 7 Wol dAtE EAF FAA 2
A= E£5 FSTAVE sk nAlHEY 2tk E5 5
FTAAS B A2 HEEFSE FAE =9l Tl et
A 22 =2 ARl A7} AL, A= AolA| ko=
Za%ko] Q7| el HtES o] 8ato] B A uhgF
= &olsHA Ao = Qlck. &, A= 7lsto] £4F ot
Aol wlA|tze] M-S s o, A4 AEAE 4
Sk 212k BAlk= Al AAY A|AIE 4Bt flsiAl
APEA Q) tf-3= SHA| =L, A o2 B AdAY A=
o] Mol 71Xl Wako = vigkEA| Hrt. o] A EF
SoAAY ARG 9 24 {94, T2aL E5 7] Aol
A god= A AE, AT S 7istke = R AdEs

4y

i of X

=

a8 3. R2| 7|2k &o| 2} 10| YA5H= hexagonal ZE H™AM(25 °C)Q
POM 0|0]%X]." Aus 2 MZ2E 9|0|. Reproduced with permission of J

Am, Chem, Soc. Copyright (2006) American Chemical Society,



B WS BRI, L% Fo| 4 WA AN
2] el akE mck

AEE 0|31l BE ZEUAVH FASI: Tl Bl
Apee] (e, AR, 73, Aol 2ol 5 AN

(a)
PRESSURE
CONTROLLER
1}
[ ]

™a

LOAD CELL Temp
D SENSOR

SAMPLE ' .

T Load

SENSOR

CONTROLLER

E 60
s ra
Z 40 ra
s P
- v,
g 20 /./
a P
& ol
© "0 10 20 30 40 50

Moving time (min)

(c) Pressure
2
H Displacement
<
| PDMs ?'
Static Shear
@

3
s |
: o
-’
©
by
Q
=%
E i Shear
= e

Time (Hour)

28 4, (a) YHE HEAS Jl5b| Yah 2Ot 71710 okt AR, (b)
PVDF-TIFE M39| AZHY H9l (c) HEHHS 7i5h| HMuap 59
PVDF-TrFE/PDMS2] 0|5& 1X9| £Al (d) PVDF-TrFEQ| A|ZH0]| M2 2=
B3} I (T, 28H)? Reproduced with permission of Macromolecules,
Copyright (2009) American Chemical Society.,

P
A
ne

2 i Gt 2 B0 E 7] ] ER
o] ek 1 g o2 20099l AT BRET me) A
<49 ¥ 2% T2 WY A SO Ay HdE 8
a50] & Ao AlLEE 29, RS He £F
T5A poly (vinylidenefluoride-co-trifluoroethylene)
(PVDE-TrFE)7} #45he aflet 72711 om® FolA]
AxZH o= vigke BE-S P Bl ATt 53], 8a
FHIS S0l At e dOR Tehs ek 2E, 4T
S 2 e 718to] &9 AP $AYsk= PVDF-TiFE
W] WIS AT ST 2H(~200 nm/s, 12 4b),
100 nm 28] uff-9- R 24} BHA = DS o8
st AXF o2 EA} HA 9 vk ddshks | 4Es)
Fok AXF R v 24 FdA Y 24 2] 7=
ARl B4 A= o] e 2t BAle A4 XA 9
EAH(grazing-incidence X-ray diffraction, GIXD)¥}
AEHF X-A &= vulA|F-=(near edge X-ray absorption
fine structure, NEXAFS) £42 Z3|lA g8 Fich. 1 At
27874 2hdet F20] aS3t cFol AT W3 BTt
I}, ESE 135 °CollA] 150 nm F74|¢] PVDFE-TrFE A4
SS9 S ol83to] AXZ o2 iRt (2™ 5),
3] 135 °CoflA] o d & 7 A vlsiA, 93t 247]
2 BA (S 25 B3 ~6.9 uC/em’)S Uehdct. ol
3 Hol7h HAISHE ol g2t YAHSHA Huele 7K A9,
274 ehleh e 71X vigko] g Wk ohel,
B AL WA mlolag 420 TxeAE A

2 5, 135 °COIlA HMTHES 0|8510] HAIXCOE HiEFst PVDF-TrFE T2
(S7HI: 150 nm)2| (a) FESEM 0|0|X|2} (b) TM(tapping mode)—AFM O|O|X|,
(c) PVDF-TIFFEE ALl AEISH 5 135 °COllA O{2E5t LE9| TM(tapping
mode)—AFM OIEIIXI_Z' Reproduced with permission of Macromolecules,
Copyright (2009) American Chemical Society,
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Am

AF RS HAA wiEE AE Tl

20 2 2.2 3to] ehhs Aol Alok=gict.

2.2 Zone Annealing

Zone annealing- 3 19[4 ER1IE 4= 3l= AAH, o2
B4 iR e 2, iREe] A £ SEEAel B
3 o]=R oA wFo] B uf,** 1R} Aol S3lE
W0 2 of AZItk Zone annealing S 984 B A3H2% %
A 29 =N 1 6a)S B, ] g4 BB AlAS)
o ok =& AZrRES 971 f18iA 7L zone melting
Hol| A o] gk 2= 2 A9t FAMIS EATE = 9
t}.” Zone annealing®]] $lo14 FRRTIE S5 AL =
2221 Yo 2 AlojH 2= S FAsk= Aolth B4

(a) Schematic of Zone Annealing Device
Side View teflon
2 mm P holder
motion of motion of
blocks T T blocks
cooling block cooling block
4 mm
|
polymer__ | v
4 ik 4 mm
heating bidok heating biock
ey e cooling block
z
cooling block g
X y
(b)

vacuum
teflon sheet

N

polymer

s
N
N
\

\=
\h

Temperature Gradient -
7,

I 6. (a) Zone annealingS 0|23t £X} HHEFS Qs TOHE! 71
A2 ZX[Q] ZOF (YIRIEA: 2& 1 VT (R T &E), y& /) EEQ HM
HIE| xZ /| TE9| in—plane HIE], x& | VT). (b) TE2X} MZ2 7| sl
QS Mo| =ot®% Adapted with permission of Macromolecules,

Copyright (1999) American Chemical Society,

Polymer Science and Technology Vol, 27, No, 2, April 2016

H 2% il g9 Fa WA MES olsA7IH S48
Ao R E5H F, B2 EE IollA 7|RHe] s
7W7RE EAESE WA A3 18E ARA "ot o] 2
3, A9EAQl SihEo] ARSI FAHA, EHA B
el A A A 275ke] A 2R85te], BAF A
o] AAAQI ko] 7Rsai%let. o]t zone annealingS-
AN A= 7E ARA oM = 7hRE 7)7)(R = Al
A, 25 Hlo]o] HE)E 23tsto] 23] A2kt 4= Qi

H2e] 72et FABHA|, zone annealing A% %9
A B 25 o] AR AXAR] vk AuiE 295k
383k g Atk E3], A X (ordered)-F-2 A (disordered) o]
(transition) 2E=2 O|=l= Topre A9 IS HigoZ &
2t Aol w2t 2] AAsior itk YRk o R E5 3%
AL 732 Topr7H 3] 7] w2, zone annealing 2 A1
Y 79 BAF AA| Y] Gz A 5= Ak of2R &
AE WA HsliA, A Aol L&A AE Holl vl
ARPYR|A| (4, 2,6-Di-tert-butyl-4-methylphenol(BHT)) &
71k, &8 A(Td 6b)2 MFH=E deshe 59
Fo7t g asich

o]} 2= 1F2] 9] zone annealing & 191 WET Hashimoto
o] ATHE 19990] o] WS olgalel BE BEe
Aol mAVHEE] 25 AL LR vkl b 2= A4
F3HeE™” Hashimoto 9] Age ebdet 128
2= PSb-P1 &5 358AY Toprkth o1t &2 210 °C
ASTE IEAE 7Hgshal dZdo = Uy 50
Ak epdle} 20| e EuQlE APFTH IR 7). o] I}
Aol EA} ABL 70 °C/mme] L1 P e} oF 25
nm/s (216 mm/day) 2] £ 2 HH8] Z18PstGTt. Foixl
2ple} i TuQlo) A Hieke 2= ulje) Bkl Hals
o] 91:30] o2 XRD A1g ZahE Fa4 Sel=ick

AR Z7]9] A elfei] =iz H2Ho), zone annealing

12! 7, Zone annealingS 0|83l &AMst 22zt X (PS—-H-PI)Z 0|F0{XI
Bl =0Q19] TEM 0]0|X] ¥ Reproduced with permission of Macromolecules
Copyright (1999) American Chemical Society,



9] T3 E4L 1) 71E9Role= w851 #Yd %
FHi(>50 °C/mm)7} EAf5IH, 2) 12 A ] P2 AL
ol Ao} aEAFe] GESNE Fasfsl] JaiA 2F A E
= HIZA 714 e ollA] o] Foi Xtz ot

Toprith &2 2504 AS Fog2n Fhte= 98
e} 22 A S S5 YlaiA, 2007d )= S HEE
71 A7429] Jones HPARS] AERLE: 71E0] WIS st
o, Topriioh F& 2ol B2} A A A QL vk
2AJ31= cold zone annealing 7|&-& 7fergiek? Cold zone
annealing2 ©]-8314, EAg0] & &5 35 Aet 2ol
- =& Toprs 2= LEAE BE817F LojuA] = %
2 204 vigRE 4= Qlrk AAIE Jones BIALS] AT,
AdE 25 sk o] ¢l EF I58A
PS-H-PMMAS] 5 4 A5(PSe} PMMA) 2] §-2)d0l 25
(T)7H AiF o2 =2 100 °C B2l Hofl F53t, Topr
B} 31 ToHoh 52 2& 0|4 (2™ 8, T < Thot << Topr)
zone annealing(2%= 74l 17 °C/mm)S Ao 24, o]
Aol e A+ ZAapEot 22 AIZF Yol £2F HgHA 9
HjgRS sk ol A5 30k T Jones BRALS] AFE o]
EA HieRe 2% 992 4 mlolA=nlE o] AUHA|
U= HAIE Stk

agu o] Aol APt Hd=e] E & 3% 9=
FoFE Akront{g}e] Karim 14 cold zone annealing
(2% 1l 45 °C/mm) 7} 7| oFet At (soft-shearing)S
7¥stod(™ 9), PS-b-PMMAL] AR e] 25 TARE Yol
(ML o5 &= 02 mm/s, of. ref 27: 25 nm/s) AX|Z L=
sl o AESIGrH 19 10).” Karim w4:0] Q78S

(a) v 111

P
A
ne

A 718p7] 918t & 3hte] 7|Rke 24 PDMSE o83}
o} 18R WE FA 7HEE AL W2k 2gollk], PDMS
T el 5k IS 57138 02 AX|A HaL, PDMS
of| frHtEl= ofof T2 71A1 B ARl MiF 02 QIs|A
gk AT a7 Agt). Karim s 2%
vk 3, AE] o] a7t SAl o SRk o) M2 7]
o] EXJo] EA} vigkS ThAZE Yol @495k ] 34| 7]
S Aot AlRBr.

oA AHE TheFgt zone annealing 7|&2 O R
roll-to-roll 7|&3} HEFHO 24, AA|H O 2 wljgkd L8R}
IEL tfF o2 TAte] Akt b 383 Ao & 7|
Hrt 2Hy, 0] 71eE FHH 0= 3831 flalAls MEL
ol = W 2= | Fo theket ¥4 7H] AEA
gt A7 71 02 o|F Ao A o7 Helrt,

Cold Blocks

(b)

(b) —

60 B0 100 120 140 160 180
Time (s)

12! 8, (a) Cold zone annealing A|[AEIS| RAIE(: 2 XX 7155t Wzt
228 | 2 XH 753 7198 28 I ME 0|58 2, IV: 2%
Het Z2OtAUZ 7|=617| I8 BHch(thermocouple). (b) &K SHE =2
T 3l Z2ORIME 0| £&: 0.2 um/s).”® Adapted with permission
of Nano Lett Copyright (2008) American Chemical Society.

©

18! 9, (a—b) Cold zone annealing(CZA)—soft—shearing(SS) Afx|2| =0t
(c) XIZ 0|25l0 M Mo| ATiEQl 37| &9 U H|m,® Adapted with
permission of ACS Nano, Copyright (2012) American Chemical Society,
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O £ & | 2xt LAl HAH wige 95t 71s

2.3 Zone Casting
Zone casting 7|&-2 ST 75l Tracz W50
S A] HzxZ Aok BA ufE 71e=, ! wigkslasl sl
BATE ok Qs 89S o) Fdhe &9 7]t flof A3
ANrgdo = a7t FstHA Yske w2 ks
o]-§-5t0] & &0 EAE AL o= vfieFek= Hholth 1
H 11°fk= zone castings 0|85t A SrpizT =Y
(hexabenzocoronene, HBC) -F=AE AAZLE Hfjddsi=
o] =A1H 0 2 Yeh} Qtk* Zone casting 7]&-2 zone
annealing¥= 2] &%= 7t obd FHE= Isf WAYsH
= 5= 7 EAL vl & G n]R)7) e, 8o
o] Aejo] Fash, A% 02 olojtl ANH O vigEl
22 ATl BES B Pt Soite] Bl
S A% R gole] S = 5L T, 7]uke] o] F
&7} 2jmsiElolof g, ofe] T Aol ol4 7]
JF] o} &= 10~50 um/s & $=50] Gt
20059 =< wkA Zakg J1A Mullen 24=0] Jrele
zone casting 7]&-S o|-83le] HBCS] 29 1127} AAIH
©2(>12 ent) T Wik vhere BAek o) AT
AP vfuko 2 AakE §7] EdX| AR A Zol7t 25
umof| g e] £21.6 mmz, p3 7| THEAS] E4S B
on, 2449 o5& F = 1x107 em’/ Vs LFERHTE
ZZ 7Hd)7] W20 Kowalewski 2] HLEL zone
casting 714 o1831] B FeA| ke Ale] 7
25 ANHoR WERhs b AEHCHaE 127 TS
= &4 A" ohe £=9F 2% 171 £5 35T
o] sshA] Adae 2E}OCEHN, PSb-PB7L sk AdH
FZ9} PODMA-b-PtBA-b-PODMA 7} S A 8= ghdl=}

1pums! 20 pm s 200 ym s
| 1 1

¥
tion
- caa-ss airggtion

40 nm =

400 nm = E

1000 nm =

a3 10, PS-H-PMMA ZE 7| U ME 0= £5(cold zone annealing
annealing(CZA)—soft—shearing(SS)0| Xf2sl= B et 2XF TEHX|Q| tf
&f 7to| T7(scale bar: 200 nm).? Reproduced with permission of ACS
Nano, Copyright (2012) American Chemical Society,
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ZE AXAH 2 ulekst it 3, 0] 9] djoflA] 0|83t 7]
uko] o} S K QK BHE 10 mm/s] HEE 7]HhS o]
BAAE AR vigEE DT 4= Sl A2 ERIFE 1
2] a1 Kowalewski 14=2] AE 0] o]- 83 £5 353A 2
8% 7146ke] Fipoll Adglo] Thest 7]RtellA AAIZQ1 v
o] 7Fs 3k

Zone casting 7]& E3} zone annealing 7]&*E A3
A A G 8 = s AR 71718 o8-St A
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Q2= o] A BN wWEE 5 /= 71710 A
d H&ZE0IE & 7 At oS4 HHIEE 2= 3%
Ak 7178l ZHid A9 A 24 Well 25 @4l
dofu}, WA FAe] =0l H718 il 8 (W A
FAE oIYP>0) B FH(FAE o YI<0) o= i
o B3 0 2 AHS TR Wl = A1 on/off
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2Zeo]olA A FAF o & H AL YTt

UREH Q1 W FAR} FARSHA, A B 2 E2AR A
ol 71 Helld £52 o7l= =4 2H-871(o, okl
7], 9[g7], AEHZT), Aloker] 5)7F v EAEHAY,
FAEo] MR ohE B4 2] AR (0 &5 35

100 nm

a2 11, (a) SAHIZZ 2 HI(hexabenzocoronene, HBC) S EXME 0|5t
Zone casting 2PH9| 2AIE (b) Zone casting@Z 0t= HBC HE9| Hsh
0|4 0|I:I|J(|_32 Adapted with permission of J Am, Chem, Soc,
Copyright (2003) American Chemical Society.,
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1% 12, Zone casting 7|£2 0188t 22 ZFEAQ| HAIHQI g™
Reproduced with permission of J Am. Chem, Soc. Copyright (2011)
American Chemical Society,
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A2 poly-L-19] o= FARSS] HYE Wil == <l
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aE 13, (a) H7|IHOIM BHA poly-L-19] HAIH Higke] ZAZ (b)
WAXD INEl(Through view). (c-e) HAIM2Z HIEHE poly-L-1ZSo| TH
#0|d olojx|, & spAmo| wEte Hy|Eo| wEe oln[gt®
Reproduced with permission of J Am, Chem, Soc, Copyright (2007)
American Chemical Society,
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a2 14, H7|H2 0|2 LIHI0IE L AIES] ARl HiEF ®of.”
Reproduced with permission of J. Am, Chem, Soc, Copyright (2006)
American Chemical Society,
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== 510
a2 16, HEZZ20|2tE19] 34 IHY 2 2Xt X Reproduced with
permission of Chem, Mater. Copyright (2002) American Chemical Society.
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