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Polymer and Polymerization Related to Nobel Laureates in Chemistry.

4%

T. Svedberg (Sw)

R

Studies on colloid particles
(foundation of macromolecular chemistry)

H. Staudinger (De)

Establishing the theory of polymers
(macromolecular concept)

1963 | K. Ziegler (De), G. Natta (It)

Stereospecific polymerization

1974 | P. J. Flory (Am)

Systematization of polymer chemistry

1980 W. Gilbert (Am), F. Sanger (UK),

P. Berg (Am)

Nucleic acid sequencing and recombinant
DNA (biopolymer synthesis principle)
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AL}, ot S0 et da= HE 4 U, 0] F Ieiits S a5 LU

0

IR URIEIE0] A9 S0 A FEE

ety THEel S Qo JIE22EH| HMEEE2 d4R AN V(A2 JHUO0|ULCE.
1938 e-7tn22tEtS JHaEEHRing—opening polymerization) 6104 Z22|0I0|= MQE SHdst
HHSIAC F=2 LIUZRES LIY2-6,622, 1935 0| FE(DuPont)2
Carothers?} OtC|Z4AKAdipic acid)at SIAMHZHICI0[0t2I(Hexamethylenediamine)g &8
ot0] 2= 0| 21 A|=OICt Carothers?Zt 19373 Y& Miatg MLEN HAS SX| Z3X|T t5t
AR VL2 IFALR0| 2 TS FUL.
HI2ZE MIACHE A7 |0 SL0IM= e df Xas SHE S0 o] TAZAC OIME E
QO 2lsiiM S HSoke 49/t Bht ol 5
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= Pels 2120 UL 0| B HE AR
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S|
Lo =432 AO0IC}. O] M2 AR Lo & U= = HSHF0ICE H|S =2 MY A2 5
VY I 2= 200N 2elV|s 2 2 A& 4= QKD I71Q mtelV|&Qte = M2Zkok |
ofloF & Z0|TH.
I St THEHSEI0|THA LHM S 20 HEE S0 DX} g0 toll 2SI 204
7| &8t 0|=2] Grubbs®t Schrock2 22i|H S&3H(Olefin metathesis) S&0f st S 214
UCE HEE 02X} ehd 2082 R HAXES| ALLHES F0H0| siFoh=0|, ==l }7|=tat Bt
2 & &0 280] =11 2FFEX0|0{M 2% HB0M TS S 4 AU, 0[0]] HollA 1Z At
O| EXtH MK 7ts5t0, ZHetEstof ot D2t &2 S2MS QIFRIQITE 0[2F 20| 2tst
A7t edst Z00 LEXLQ| 0|§2 &0, XIZ22-LtEt Z0ii(Ziegler-Natta catalyst), 1EA Z0f
(Grubbs catalyst), AX7|-0]0tR22t Z0H(Suzuki-Miyaura catalyst) S22 WSHAIC| 0|25 A&
ol 717l Tt
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IEA 2 BHY )7 40| OtT 2U, 11 A H0T U2Xt= ChEdH(Polydispersity)S
OFA &t T8t 207t A & DEAL 71S0A B e X, 124 2HES Mofeitts

THOA= HIE2GHA| BT, M2t 52 EAEE SHE HEA YHraldE #e 12AE oY

I

L= MOfot IRy 2ottt J2iLt Sk X HI0AE, ofEA off EhEti(Monodispersity)2| 11
AE P2 4 USTE SR MOE 12X S0 S8 HE &+ UM 11 SEESE MO

7 tHEXQI SEO0| Szwarc?t 1956\ ZHSH 2| 0|2 SEOIHH2]. 19| ¢+ HE0| 1
SO0fA 225111 U= A

& E0[0| ARSI EF0[0f 10l XIZHA| 2 SIS 517 Ik 0j213 2 @ TI20] 201640

1=
M

E[2-0|ATR-AE[ S5 2R 8140 2 TS 3T

f

£ Di=aletei= 2l 3012 & 60FH 7|8 o EXIZS /HEUL, MAE ZFE0 Zes &
7 ACA SHOIUL. 11 sf=|0l|l M L21= “We are still alivel” 0[ZH| 2|7

0t 50t St AL EL AT H2 XS AR HeiAlE S 22 YH0| 0FE

2
ﬁﬂ'
re
1
Hr
(@}
3
0
AN
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= _)|k_

SISTOIM JHAIHIS] BEE0 M2t 2012 S8, A0|2 ST, 2 ez & 2
0|2 Z& 20N = 28 A0|2 SEtel Y2 E 2fEst Y29| Higashimuras 528 ARAIEZ
1 HOH3]. O 22 20z S0 J0AM 2|dS R} ke 37 =0 0|R XLt 0]=9)

MatyjaszewskiZt 7H2tSH ®IXt Ol5 2tC|Z S&H(Atom Transfer Radical Polymerization, ATRP)

ol

7ttt
[4]2} YE9| Sawamoto/t ZHESH L7124 047 2t0Z £8H(Organometallic Mediated Radical
Polymerization, OMRP)[5] O] Z&2 HUCH, SHlf HAS 7|05 |= JiCh 28 2tz &
&HLiving radical polymerization) 2Ct= K0 2t]Z S&H(Controlled radical polymerization)
oz B2 0| Y=3X|2, IS0t HE 24 A G20 2 20 S22 FAfeldl UL
1 % U29| Yamago?t it IS 0{7f 2tC)Z S8HOrganotellurium-Mediated Radical
Polymerization, TERP)[6]2} %2 Rizzardo/t JH&St 7+ HMI7-26f AkE F0| S (Reversible
Addition-Fragmentation Chain Transfer (RAFT) Polymerization)[7]0]|2t= X0 202 S
KRt ACt.

ESH 2| B9l olUZ, AHEEE FEEEHChain-Growth Condensation Polymerization,

CGCP)[8]2 200017 Y& Yokozawa w40 OJ5l HLE M2 SEEEH HH0|Ct MEXQI =
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ASE2 B Y (Step-growth) HACZ TAL|0], EAY 227t H1l(=x2) 2A M7t OfF

Lt 2Lt CGCPUIME ZHAINIE SA510 HEA77|els M= HE 2SotA| AL, HAIM 20| =

A7 &XHOR2 ZeeiCt 0|2M A AZH(Chain—growth) HAIO 2 Z61=510| RIGHTH, £t

60 0|2l HAME %2 =Y SO0I12 SO vlsl =Y 2tHZ Se2 &2 S+ JA0IH 1

Lt 20|12 &9 St 38 eZE0E= 2tz T2 7L g4 B2 & U0, HE0| 2 o
TASO0] FOISHCY. 1 ZAnt 2| 2i0|Z S8 AT IR 280t PHSS LOrRICta M2HEC.
2/ Z&H(Living polymerization) &2 ATXIE0| E&3k= “International Symposium on lonic
Polymerization (IP)= IUPAC 29! &3] £ slLt2 12X} g0 Q5 &t3|ct, 20t Y2l=
8132 20243 S HIQI=X0|A] 153Xt BRIt 2212 1999 Z2|0|AAOHH0|EQ| 2|ly &
A= MIA Z=0IM S2l= IP of3|0f 2= S AUCE KAz 20223 H7(0f HE(Ghent)

OlM Sl 14X of2| H7t= =X ste| 255 DU
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GREAT SCHOLAR CAREER DECISIONS

LIME 1DEAL 20| ILHS| S

L2 MAAOIN E56| A= 2A 20|10, T2A0IME S8 2EEC HEN 02
~812| A (o -Helix) HEO|=, Deoxyribonucleic Acid (DNA) O|ELIM, S22t A5 L0| ULt
Ol2fet LW A2 = 7= 34 S, R Y2 MY, 220l 748 2= 20 82 92 eitha

M 222 243 HeloA SEMA F&H A= ACH, 77IF

1
L BAIEE FROM 2720kl tiErdiiotet= A7t 00Xl QUE. O]
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Ab M 229 FHEZ 2| et

m Schematic diagram of helical structures.

101 =ametolc ata .

SCHE0|E== Of0|L=AH0] BEO|E Z2Re2 HZE IR0, HHES| 7= 7+ TRI0I0

2| 52 0171 QU= HHUE2 Tt 24t .28 7KK, 25 WHEA X0| a-ZHARL B-Al

E(B-Sheet)OICk. DNA %IA] O3 LM TXE 24D QIOB), LIS TS 42 S0 Q01N 3t
X SHof24T & 4 L,
BEI0|ES QIBXOZ SHIGIR= Al 20M7| ZRE USIOU, E7|% HEHS 19634 0]

=9| Merrifield7t 7Herst AlA BIELO|= & E(Solid—Phase Peptide Synthesis, SPPS)0| 474

=l SQUCHI0]. O] WS 00|ieAte 284 TR KIXIF0) 5L ZEAI7 Piste tielo BEfo|=
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SCHEOIES R7lekd LRl SPPSE= HEO|=0i| 2f OfD|.=ths H7toH | flsl 28, 227
A
|_

HAH, MA SAES BEHoz 5H0F oITH{12]. 01218 HAI= Ot0|.e4to] 7HE Tttt HH= 5,
O01Z 71% HIEIO|=E gigotai® a4 74O HAVE BRI INd gd2 =

7
=
ot OFD| .=t HHES MRie 4~ AL HEO|= 20T Z0E+S S8 H0|:7t S/ttt 2Lt
2

of 9HF LS 57} THS A, HARF RISk OfteAl HIHTH 1215}

2

A 7
A0tA HEIOIEE ol & =2 YT

OtO|L=At N-7HE A 242(Amino acid N-CarboxyAnhydride, NCA)Ql S8 HE0|E &4
O| & CH2 90|13, NCAE 0217 |2t 7H5 A7 |7t R4+ ARIQE HZAE HISH HE|E REA|
OICt. NCA2| 0] 112| T2 ok ZZ0i| Ofalf 7H2t=H AMEE HIAHLESS Soll BEOIE As

2 BABICH NCA BBI02 FI01 HEIO|S0| TS TfRiEt 4 SURIBH LA SBHOIA O10)
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Lol SEEL ULt Eo| HEO|E= XMEXT fS 2t HEA O|0KF Aj0|9| Z7F AEHZM OFE &
(Polyethylene Glycol, PEG)2t Z2 11212t A5t QFgdut =g =0|= S L] 2
ot SO|Ct.

M| E1pd HMELO|=(Cell-Penetrating Peptide, CPP)= S 0|Lt SHAL THHEEI S5 M| 0FO

HEots 2UH JS oM, & X=A, RTA X|=H| 7HE0 HHO[C}. & Lot 2Xtd=st

OlgE SAIM Fre = A0, 24 IHHO[L X =20 = SEEL UL Eot 2|0 FHZE
PN

= =
OITLE OFZ 0| WA E 12 M| QUL
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SEICE O|%/2 MEIO|S 34 7142 Tadt S1SHY 2192 10|, METsY, olofst, AXfafet S Cf
of5t SOMOIA M| D8 (9 SROE EHNE|D QIr.

BEJOIS, HIEIOIS A, 1212 34 7|8 LS DERs 25 o
2N 7152 URBITHs BEXS TFEICHIR 2). J21 LM TR0 4 WA OFY, 3140 §

—

O, B M0f 7tsd2 2t DEAL0| Tet =346 Ti=0 BEO|== Ottt HfE 1}

E
o

HEXI0| 2ol Jugh a-HHA 25 Y JotA|T Follet Hoi| FefotH gty FHO0[ =0 &
T HEO|ESf p-HEO|ES} &2 HEO|E FARKE OIO0|1= =4
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5H4S =01 2X12 A T0f HEFO|EQ| SHAIZ RLSIC}. 5t Z2|0)

A Xy AAOHO[EL BrExol
N-C=0 ZH&1a} TIiR]| X|27]0] QAP0 R 2R3 LIMS SAISH 4 0], MF| 24 7]5S 7
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m Structural comparison of peptide, peptoid, and polyisocyanate.

(0] R H O O IIQ (0] ﬁ\ ji j)\ i
%AN)}(N\;)I\N/%" ““\\NK/N\H/\NK“N SIS ONT N
H - H | | | | 1 |
O R R (6] R R R R R
Natural L-Peptide Peptoid Polyisocyanate

|02 =20/ @ ZajmEl0|C QAMIQ] B4

SCEEOE= N-X|gt 22 B= RIS |t ghdet U2, ZHE0|EL S et
OtDI0|= Z2ES RAIGIHAME ZAS0] a-Et47F OFLI2t OO0 = EAM Z2EfEl= 728 £93

FRRICH[15]. O XX XOl= M BA0 TSt KIS TBE & OfLI2t TSt ZAIZ 4747} 7}
SOITS o 715 SRS T SOICL Eot TS ZAS KBS Sof Z2HE0|SO| a-B2A

Off ChSoh= e L 25 FgE 4= A0, & 2 7158 a2 M F=L0 ATH16].
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SCHEOIEL 42 2 THA0IA 0|20 X|= Submonomer solid-phase synthesis]

= aofl +AEIC}. O] Y2 date ESO0tMEa HAR 1X} Ol X2 HAZ 450, Bt =
£ Q0| 7ksoltt. TS OO A0 = ot=X| 410 Tt 7159 OIS EAe2 g =

a7 =

QICHS FH0| ULk Ol213t 840] YIS B2IME|SI} Lioet TE 7|5

ZeMEO|S QAU -HEIO|S 9 D-BIEIO|SE 212} =2 LM oY, B4 Xah, 558t
el TEIS 7|HI0R MAD TIs 0] ZEA| ALSELD Utk p-HEIO|SE 2ot d2lA obyy
2 BIEOR T 75t 715 A0 8510, D-HEIOISE M Lf 23H0| 23 XI2F| ZOfoIA &

25| A=A ALt 0|9 22 HEO|= FARKE BIEOIS 7128t 7[59| Mefs H2totHA M2
Al

o o = [ | —
Lot Z2|HEO|=E HIRet Z2[HEO] s ZAE 24 M2t 52 7= A8 52
) ca5 BE 28 Mo 22, UeYA 8 Mo 22iE S T

M2 BRAMEOIS U B2 QAR TEX SO, M| 0PN, 7154 AA0| BNS XX Y
Of, Z2HEIO|S 7|5 DS 9/t oA X 2OFR X2 T ULk CHS HOAIS 0[213t QA o

= 90, 20 §2 g LY DEAL gy Mt X Mo S E HTHEL

103 Lais nexio) a4

ZAEOIC B2 SPPSO| RiSat ST B B2 SHMEIUCE K= 44 7H 0[] Ofo|i=
AOZ 0|0 st L HDA 53O et 4 UCh T2t 0 71 BEIOLS, HIXIRIA
OfDli=t BHRY, CifZY Aot ZIOIAHS OFHIG| 7I&% IHp0| ZXISICE 5t HEIO|S 2EE pH, 8,
S0 of £ BEICH1S). BEIIST} 71 BT SIS SHZ6E| ioH, BEOIS QAL
HEOIS B DEX}HHEIO|=O| CHRROR FOHE0] ST,

HEJO|= TR} Ot T2 HEIO|S QAOl= B-BEIOI=[19], D-HEI0|=[20] J211 BEO|IS

7t REICH21]. OjZ4CH, HEO|== ZAKE0| a-EtA7t OFLI2} OO0 |= A0 ZofE N-Xigt 2|4

-

A2 O|FOTICt. O|2fet ofZte] 41 Xf0l= 42| Aol = He HIAHUS| et Metds foie
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C. M HEIO|=S 2oty | Plofl Ciet SR EAP LS S0, ¥M oigst &=(22], &
[23], 12|10 FAH24] 715 S Tiet UEAS 28t A7 S-E0] 2UTE XIS7HK| HEIO|= 22
TIEAE F2 8719 A ZEE %R0 HOL, SiXli= HEIES] HI(BE)[25]2 At HELO]
Lol i E[26]2 BYstRt= St UGt U

TRE = DEA} 0| ULk 025t TEXSS S45t 3

el

O|lIX O ShAISH TR} =

=
I~
rz

S48 7Fd 4 Q01K LIt 20fe] 0] BEE|T ULk BEI|=0| Lt mze)

N

S BF AUz 1EAE gfdots A2 ER . 012 ZFEol| floikle 3 F 71X 2240| 5
ZE|0{0F SITY. Zm, T2 FARSS| LI HIEEE REol/| floiks HEHM 2L7HARS W 2=H
P 7 YHEHE REE o~ A= LS S=0l 7{0F 2. M, Hol= 287 1LEAL Lo EZ517] 2
ol S 20N XETH BS7| F7t EEZ0|LT FHEKPostmodification) 71&& K&dH0f it 0] =
LTS BF S50k €2 60| =HH0(H, Ol2fet Olf= LIS NRAE 0|8t BEOIE &2
Y St SES| O|FOXIX| U

Y HEO|E SA IEXIE O §2XMO2 e o QO SHERE, BNl HA & (Step-
growth) & ¢4 HZ(Chain—growth) S8 == CIFst HEN|S HIZS X[ IEXE e
SICH AICHt CHEEC| HEO|E RAF 1EA= Fold0] SOt Q1A L =4 & X7 28 QES 0P
= Qo

HE|ELQL 22 RISIA 2 LMY A= S2|0tMIEHI[27], S2|HE=ZZ01E[28], 12|10 =2

O|AA[OHH0|E[29]9F 22 CHSH LM 2SO0l 2fch MRA=0f Tt Yashima S0| a2fst 22
OfMEIS] LMY F& g Si4le LY S2|0tMEHIS 0133l Yt dE0| 0242 2y
EalrALt A5} 0|4ENQ 22 71288 21 URISke WS HMASIRCH27]. S2|H7F 2X12t
HSAESHH LMY 7|2 2= MO|=L, T HEZHI |2 H22'2 |XI=0 7|2 FEE SEARICL
O|Z Sofl DIMeh ZAt HIUWEEE 2K 7tstt M2 7|2 Q1A H2lE E0RUCt

Okamoto 52 MA Zx=Z 5t dfst LM X E JHE &Sty poly(triphenylmethyl

methacrylate)S &3 0152 712 THAINIE At8oli S8 Al LHd2] ekds REolACH, 4y

Shashoua S2 © 0|AA|OHH|0|E(Monoisocyanate)?t XA £E1610 Z2|0|AA|OHH0|ES

M QISE MSO2 BUCH30]. MM 1IEX= -N=C=0 Jg°| =X ZEo= 0|20
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LIS F2E 7IEICE Ol= O|AA|OIHI0|EL] M=R US4 DEXISE 7SS MAlSt 7|28 ¢
2 =L 2 MRk (3-E20EAMZ)I2E 0|AA|OH|E(@—(Triethoxysily)propyl isocyanate,
TESPI)S 0|2l H|ME &5t 2191 Disperse Red 12| £=403517 |2 Q|EH ASHS SMSIOZM 7

StHHMY SO QP30 J33HHAM, TESPIE YO o OI7E MBO= ARGIUCH31]. O]

J

=

=

STUA At TESPIEk= O|AAOHIEZ 2 M 2 S0l= SIS G+ =+ U 7I=IE MSot
O[XME KA S| LI 125 2Yolal= S+t et B =XVt O, #2-7|s oA

2ISH Med0|t= HoA LEXtetetol syl MMt e 4= QUT 11 S0 E Z2{0]2A0H0|E= #

[y

EtO|=2] OO[0|= Foaf 71259 AR 2t S, T1ei1l Z=eh Y| ZI0]| 7|2er XtEh Lkd &y

olr
J

1S SO XIS, 7H MAEO|TIE QIZHQI L TR AIAIOR 2261m Qirt

Sol 2 S0 £ 7159 EUS BXF, YA MY, 2F E, 7157| HIRIX YUoPi Hof
St 2 QU IS 7157 BIRICE Ol 2 HEIO|E 29 TR ZA2] B2|0jAA0N0|E| 2L 7}
542 SQIT FX DRI WEI|ES| o-BYAT} SATFOR BT HE4S WA LN X

241, BH TERIOl B20IAAONI0|ES] WAL F| U2 TEE YX3H LIN PERA, 1 HE
I

2|0|AAOfH|0|EZ} et 23 IEAS H0 YHZ2Y 7SS Freichs HEX SMZ22 Taleh=
O 0| 5012 0T 2=, LS 12AL0| gy S+ 2S5 Z2[EE0IES] AILHE K= 24t

A MEO0|2E 2t 4= RACE
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3. L3 22|0|AA|0H01ES] &Y

GREAT SCHOLAR CAREER DECISIONS

LizE Z21012AIOHAI0IEC] 2

= HojME S2A0IAAOM0IES] 4T 1 TEN 54, 12T 2|y S0/2 FS 53t Y
RIof G172 ATNBICL. @M CHISH S8 WHOR BHIEI Z2{0|AA0MI0[EQ] LiM(Helica) T
X S3S MstD, 55| 2y S B st MISAZE N (Kinetic) HAS FAOZ KXfe}
TSHTRISO| £ AME AINBITH 22{0|2AA0L0|EE 2B UL Rigid-rod) s Al T
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(Self-assembly) =Lt 2K DM 22|12 LEHHTE Tled 220

=
O|~A[OfH|0IES] 2] SSEXIE HA efdet 7, 22 2SS Safl tefet Tlird AE71E =Y

>

AIIOIEE 92 o 9

O 2N LA

012t H=0 HSd0| M2 LE F27E, YE, &2 0[AAOIH|0|E HEHME =Flott]

(Random), 12 CIE(Gradient), 25(Block), BEIEZ(Multiblock) HEH2] SEEAME BT
O=Z M HiE(Sequence) M2l 7588 SESIULt. 220= HE8nt LM £

A Y2 012510 wti(Alternating) Z2[0|AAOHH0|ES gdok= A7 EUSIA. 0] &
o] HE2 2 MAPt dliet A7t ZiE S22 FYEUCH, Hadjichristidist Hirao7} HE S
“Anionic Polymerization”(2015)01l & XX}2| book chapter®| LIS QI23IRICH33]. Est T2A}
20F9| alial M=ol Macromolecules (American Chemical Society, ACS)2| HEAOR

B0} | K5t “Perspective” =2(2022)2 G171 24 L Z2H|Q] T HE0| UX|SHIH34].

4
m
B
oz

. - == -4
|01 ol£AI0H{I0IE S#to) Ch3t ZLHQ H=S:

ZC{0|2AOIH0|EE EA00 22 T= OFF X277 Z2gtd SBEHE Otf0|E FAE 1=
£ 7IXIH, OHOR0|= Zgls M09 &2 7t TR0 7H=227|2t L2 7] Af0|of Zet YAIZ0H 2t

(Steric hindrance effect)2 Z2|0|AA|OHH|0|E= Tt BHTH(Rigid rod) SA0|HA LM XS
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1 I
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R R R
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=
o, 48=0] 1-LHLE(1-Nylon) HEHS| OHIIOIE FAEYS MM 23 & SEd 24O =2 =0l
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2UZl 0|AA|OHH|0|EL] Z8I0i|M= 12| A2ZF3HCyclotrimerization)7t 22 UL EAISO! O|AA|
OF20|E7} MME= SO 4)[30]. WS O|AAOIH0|EL E&folMe 12| AMEst BEat

S0 otiE E(Depolymenzatlon)ol LOJHTH35]. ST TFH0IA Z2|0|AAOHH0|EQ] 112| 22k
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Shaproval S2 7|2kt 7HA|2 T 0|AAOHH0|EQ] S0|2 Sete 2 I5IATH36]. 7HAl
=
=

SHE=
M7t & 7H9] H'Y O|AAOHH|O|E 2iC|Z0| 2ot ddEE2, JiANE & 201 &= 712 0|2
HOIZ JIX|A| EI0| Z2|0|AA|OFH|0|ET} LetsFO 2 MAfst 4 QIC} Okamoto S2 7|2 I|E2|H

9| 2|F OtO0|= 7HAIMIE AtEot0] Chefeh dotld E2|0|AAIOH0|ES &= 0|AA|OHH|0|ES)

—= CL—

ajo

0|2 S&S HEarR(d 5)I[37].

_E' Polymerization of 6-(butoxycarbonylamino)hexyl isocyanate by lithium (S)-(-)-(2-
methoxymethyl)pyrrolidine[37].

“o

(i) THF, 98C
O/\O/ +  0=c=N — éw-{-c—w}H
N (ii) HC, CHsOH
Li
H—N)r /—/_ H-N /—/_
o

Endo S2 AlOtE O0|QCH0|ER HetE TI0|AAOH0|ES HEY S&e 215 Y

=o oHu=

6)[38]. & O|AA|OHHIO|E= AMHEEARZZ0L0|E ZX] S0l AHOFE(I) OF0|EHOI=0 2let &
At U HiE[0l(Barbier) 2t8 22 ZREIULt. AOHE(Il) OFO|RLI0|=S ALZSHH E2|0|AA|0HH|0[E
o] FEIS2 JEHLZ HMTAC L, TR Eites MOEX] AT Cambini S2 HEEE
2 2IEUEA0IE JHAINIE AFESIK n-2E 3 HE 0|AAOIH|0|ES] FEte EI6IUMH39]. &
Lt A0IA ABrE ALES! 0|2 S AIREACL, T2 O[AA|OH0|ENAE S0IZe| 1
UNEE

=
EAHE

ne

m (a) Polymerization of diisocyanate by samarium(ll) iodide as additive[38].

: 0 0

Sml,/HMPA % sm )| HGlag.
DCN—R—NCQ —————— — ,)' — | H H |l
C—N— C—N—R—N—C

= MAts 771845 HARNIE AEoHA] 441, 77122 Of0|= JHAIKIQE 718 ZALH Z0HE

=

AFZ5t01 -3kl O|AAIOMHI0IE(HIC)®| 2012 FBIS AT Of2f EALT 7| 5 Yot
0| BB REY 4 YL S5l KIYZ B2I0/2A0H0[ES DLF HHAIKI! V- Z-3-T
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S
(S

o]
=

[=i

RIOt0|=(N-Phenethyl-3-phenylpropanamide, PEPPA)S EALPHOI t-BuP,2 &4s}

oF B2, HluH 2 89| Zc|0|AAOtH|0[E7H &1 EAY B2 JHHCZ JHE:= &

ol

20| PEEACHIR 7)[40]. Eot TR JHAIMS] 2o Ha10)| T2t 4 DEXe] 2XH0| X

r

o
#Haloke HS0] 2ARIERACLE 21H0E 216t 2| S& &2 F2et 241 Moo=

Polymerization of n—hexyl isocyanate by a phosphazene base catalyst[40].

o] 0\\': 0 luq
3 & \H
NH \~/ N @/\)LN Nk
NN (i) THF, 98 °C
™, 1 1} v - -
T NZP=N-P-NC (i) HC1-CH,0H
AN SN

Novak S2 ®7| EIEt=(V) ZUHE ALSI0 +8 ZHIE XMS22 oHZsI. 12| HEs}

7| E[EHS(IV) Z0H2t 22]|0]AAOHHI0|E AkS AO]Q] BY{0]| QJoli dSX 2 AMI=ACt. &

oo 11— AN

30

ote S At ETOIM Z2(0]2A[0fH0|E7t O|AA|OHH|0|E HEMZ ES017H= SHSE0| &

ilad
il
39
ful
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o
o
o
i

X S8 S7IA7|7L 258 HEQEM M2 4= URACL 0|52 83 &

I
r
r

0 MO 0|AA|OHH|0|ES S81610 95% 04 82 UQICt 2Lt Mo Z =5t Hte
0| OIFXIX| 20t 100% £=0 0|2

AREIRA7| W20, HE=E St Helo| 2RI ACKIY 8)[41].

=

K| ULk Z2{0|AA0fH|O0IES] BIZI9A Zoli/t ML=

Polymerization of isocyanate by organotitanium catalyst[41].

0
8 '/? kn q \’
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2 XXh= O|AA[OIH0|ES] 502 SE0IM 2& AlZt & 2 HE 7|4 H7E Sall
HEIACH32]. (3-E2I0|HSAIMZ)Z2E 0]AA0tHH|0|E(B~(Triethoxysilyl)propyl isocyanate,
TESPNE LIEE LIZE|LI0|=(Sodium naphthalenide, NaNaph) 7HAIHZ S5t Tf, 82 5
Off &F 100%01 =&t 7 12| M3t $H80] UOLITA ThA| ZASIRICHI R 9)[32]. 2422
Sl 41 0t0|AA|OHH[0|E(n—-Hexyl isocyanate, HIC) SIH0A = 20| 1020 2 100%0 =5t

S| Hi2 ZASIRAULE 98, -78, -45, 0 °C2| 2L0{Af, NaNaph 7HAIMIE ArEst HICS| &&= -98
COIMEE MOERAL, CHE 2E0ME 12| a3t BiE0] 2HEE U

AT

Ql

.E- a) Time dependent yield change of polymer and trimer and (b) temperature dependent
yle\d change of polymer and trimer at anionic polymerization of TESPI (3-(triethoxysilyl)
propyl isocyanate)[32].
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404 ]
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T T T T T T T 30 T T T T U T
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HIC2| 0|2 &0l 7H2E 0122] FRe K, Na*, Li"E A5 ZALE|UCH42]. =&5t 0
2 OE0 KOIME WX 8 G2t 12| of2ks) B80] 2HEEUC. Li's Efo|ESH 0124 of
=0 718 L2 80 §2 X 2SS B S R0l 012 72 HiE Na'7t 0|2 0t
0|EC| 20|12 S&E M0jot= Hl 71y Heet A2 2 Sioiii.

Ol2fet G+=2 O|AAIOH0IES 2| 50|12 S /tsds E0FUH, JAllE EMEE

25| MO{SIA| ULt Z2|0[AAOHH0|ES| ZAE MU= = 12| of2siet oS IHZ0 s

oF7| o=, a4 A S O|AA|OHH|0IE S0 AHM MO 27+52 4SS oiiZoh| ol T
of S8 7I0| AR HIE MO 2E S8I0[ 0|AA[0HH|0|ES] S8 Mofot= B HIHYAIT,
O] 2152 H L2 O|AAIOHH0|E S&E ?let HE =0l HRAdl, 1 20t 2| B et 2ld S
0|2 SO HEE o AU o= Z0i| 0|AA|OHH|0[ES 2j S0|2 STl tisl et
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ATAILH, LIS D2A0] i 20F 2 eet

L

102 oj2Alomil0ES] 2|2 2012 =3

O|AAJOHIOIE2] 2| HIRIS B2 NovakOl R7] E[EH=(IV) EiZ S-EUXIL, 18H S01=2
SN = gt 408 S KT ZX2 FOF AU, 1AEH S 199980 = M= 2| 5
|2 SYS LUoIRH(32]. 2| 3012 SE| T2 MEE /M £ JHAIMO et taat 2

o O

| Ml SHAQ] M= 2 4 Tt

3.2.1. H[1M[ch o] 2 A[ofH|0|EC| 2| 20|2 B3

ZI20|E 2|Zt=0l 15-F2k2-5(15-crown-5, 15CH)S ALESH TESPIQ| Z|= 2[4 20|12 &
&S 19990 HUSIACHE 10)[32]. 15CH2| A4 JIXt= LIEER 240|201 CHEH 2ot Rgky
£ 7HEE, ROt 2 LES-15C5 i SEA7H Z2|0|AA0HH0|EC] S0I2 H& LT
X[BHC}. O] LLEE-15Ch S&A|Q YAT0H Eih= S0I2 4% YHO| =S (Backbiting) #8S
LS AMISICE, T Zah, HAE 85| MetE 7K 12| RS 43N0 R WXIS, E5t
15CH0] Olsh X! 20t HMO{E 2XZ| NEAIS HUCE TJ2iLt S8 FHO= Qlsh 02
W 2|7t 3 BIoHHM ME KT XL A EebEc J2iL MYst 2 AlZts 7|4E ¢ea

10O
ZIOILHM, Z2{0AAIOHH|0|ES] 2| 20|12 SE0| MS2= S0,

_m 15C5 (15-crown=-5), a chelating ligand, prevents backbiting while accelerating
propagation through complexation with sodium cations during the anionic polymerization
of TESPI (3-(triethoxysilyl)propyl isocyanate)[32].

9 7o
’é NQ/ ) ’C %Na(a i?

(\O/w o”C/ Fast propagation
0 oo THF, -98 °C

\_/ LO (\o/ﬁ

R: %b/\/Sli:g\/ <\ Nav J R o
Eh c”*
H
’QC Ng/n_N ke

No trlmenzatlon
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o

3.2.2. H|2M[cH o] AAOtL|0|EC 2|1 Z0|2 F&t

25 0|2¢9] HEZHH Y 2 H|0|E LIESE(Sodium tetraphenylborate, NaBPh,)S Z7IH|Z At
85101 HICY| 2/ 30|12 S&0| 43sIUTHIY 11)[43]. 7128 0|222 LIEE-15Ch Higl 5
LA RAGHA|, 217t 2 NaBPh,2| =2 UM JS S0t 0l2{t YHMH7H S8
o= &, =S8 e KO R MO Eot M| LHIES Y022 48 EH 3012

=
LEE AOIS] AH2|E ZAAZA(BIOIE 024) 80122 FZAIZIL: et 01242 12| ofet

S YMotl B/t S S8 aAAZH. O 20t S2|H0|AAOH0|ES] EA N 2ME=Tt &

EI

MO &= AT

_:- NaBPh, (Sodium tetraphenylborate) prevents trimerization through a common-ion
- effect during the anionic polymerization of n—hexyl isocyanate[43].

9 I I Il O || 9 O @ Na

{/CN)/CNCI}JCN /I Na -Na Na®0

without NaBPhy with NaBPhy

A7 O H2 25, 2 -98 °COIM Z2{0|2A[0fH[0|ES] 2[ddS THA. -98 °C
2te 55| 2 S 25 S5017| 2AoHl, 0|AAIOH|0|E HEA|Q| afst #28 BIPVL 2 2AeS

HN=E HHOIAUCE NaBPh, ZH SlojA 3-(E2|0SAZ)Z2E 0|0 0] EG@—(Triethylsilyl)
propyl isocyanate, TEtSPI) Z&fQ| 2/2d2 78 °COolM 102 S2t A=A, TELSPIS| FI|7t
2 377t 28 2T RIS YA, 2t AQ| O 2 ZHO| F/tot U2A= Hery
W7EX| 02| MESIE AXGIRICHA4]. 0|1F Hadjichristidis S0l 2/l NaBPh,2t 28k JHAIKIS

AI23HHICO| Z510| 2 T1E|QICH45).
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3.2.3. H|3AcH o] 2A[OHA[0|E2 2| S0I2 F

O[2A[OFH|0|ES] 2FF=tE HAIE Plol, 2|Y Z2|0|AAIOtH|0|E >THO| afst 128 ZAL

2=

(Chain—end mimic)st0 7HAIHIZE MAHCH, HIXOIEE0|E LIEE(Sodium benzanilide,
NaBA)S WLSIRCHIR™ 12)[46]. OmHSt M7EHE Q10| NaBARF ALE3iS mf HICS| 20|12
OlM PHICE 8 #&, M0E 2A, ¥2 S4=o| Z2E 2AUCE 2Lt NaBAL| 2F 20%2H0]
JHA| EES01 E0fotRL, Seoke ¢t &

O =Y —

3
Su

2| FLHEQ1 0|AA OO0 E M Rl= Hd=|X|

— O o

M0
o
=
{r

BERACE. O2f2t By HIHLISS siiAok=C |20l ALERACE. O{HA7HK] 24 21} ZEH2

HIJ

oox
ol
rok
d
m™N

4
40

HISSIX| 242 NaBA EX1S0| 20|12 &

ot= A2 Mot

IS 226t0 Z2(0|2A0HH|0|ES| 2| EE RA

.m Na-BA (sodium benzanilide) acts as a dual-functional initiator, which initiates the
polymerization of n—-hexyl isocyanate while preventing trimerization[46].

Initiation Q
\ ®
Na o .
N@ ®  HIC Q 49 o Na

a ——— —_ —
-98°C, THF C E CTNNa o
R Na®
>
Chain-end Protection

Cf LIOP7} et NaBA2| =& 7HAIS ofiZot7| lofl, XIS ZTH ZAF ZHAIM|Q] N-HHIE-3-
HYZZ2MOI0|= LHEE(Sodium N-phenethyl-3-phenylpropanamide, NaPEPPA)[47]E &
A IHLSIULE. LT 2AL JHAIH| 0=, M2 CHE 302 FAE e HIXSI0|EZA0|E (LE
E(Sodium benzhydroxide, NaBH)[48], CISAMIZQl LIEEE(Sodium deoxybenzoin, NaDB)
[49], O ZHEF LIES(Sodium diphenylmethane, NaDPM)[50], CIH'Z0t0|= LIEEE(Sodium
diphenylamide, NaDPA)[51]& HIC2| S0|2 S& HAIMZ =I5 0|F 7HAIMS2 NaBPh,

23 2 EX SloilM SR Al 822 EAUCHE 2).
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m Characteristics of Initiators Used in Anionic Polymerization of n—-Hexyl Isocyanate.

e ©A°@® O@ﬁ% Asa | Ugg
initiator ) QE e A g Q
NaDPM NaBA NaDB NaBH NaDPA
abbreviation EENEIBIHWY NaPEPPA NaBA NaDB NaBH NaDPA
At . amidate amidate enolate - . :
anionic type Je:lierlalloll anion anion anion oxyanion |amide anion
efficiency
(without 0.85-0.99 | 0.44-0.58 | 0.18-0.21 | 0.30-0.36 | 0.33-0.43 | 0.59-0.60
NaBPh,)
efficiency ~ 5 B uninvesti— | uninvesti— B
(with NaBPh,) 0.95-1.0 | 0.90-0.98 | 0.43-0.77 gated gated 0.48-0.50
O|2M O|AAOHH|0|ES] 2|Y) Z0[2 S=0IM 12| ciefet Ll =Xt sHAZ UL, T2t 2

2|0|AA|OHH0|EE M £8(x100%), M= EXI, He Btz

Z2{0[AA|0tH|0|E S| HOIRl= S0

= 222 A
AR =85S =

E2{0|AAOfH|0|ES| HEE 2 50|12

H LIOF7} Z2{0AA[0HH|0]EL] 2

HolES] 2| 5012

WAl 220 7elgs 2o

ACHIE 13).

40
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715 0[&AIOHH|0|E
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E
=
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F|O
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SEO| sl MO 2 AU
S &E A7t JFsHRH.

= = KXY 2t AREIACHAT]. 21 S01=2

B 4 AUSUCHAG. 20!
|2 BAS 083 A YO 710/ 715718 EYUaPIL T2
AHOR TR 4 QUL #Y, JACIIE, B2, TEISS, DY AIBAS 22

5HH, 0|4A/0}

THER= 2ot | flsl, JHAIM NaPEPPAZ} S0|12 &

I_

ot HISHE Xl ARS-YH-ZAN JHAIRIZ ALSEIUCE. NaPEPPA/NaBPh,
, NaPEPPAZ} HIZ 7§A| Bt} 10| 285t 52
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S
(S

Kinetics of the anionic polymerization of HIC (n—hexyl isocyanate) initiated by NaPEPPA
(sodium N-phenethyl-3-phenylpropanamide) in the presence of NaBPh, (sodium
tetraphenylborate): A plot of In([HIC], /[HIC], versus t (Left-figure). Schematic illustration
of the living anionic polymerization of HIC (Right-figure)[47].
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o ! M PEPPA(HIC),Na
y " it . ™
o nHIC (unimeric ion pair, living)
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|4 S0I2 FBIOE a0 BiCt. 2y 0|2 FEO ¥
E2 91T F 74K 525t ZHS HCL A, FUSH Z2/0IAA00IES FHI5h| st 71
2IS 15| OIGHGH| SHCF. S, OAAIOLIOIES] 2/ S0I2 FBl0l thot Ut SEAIS 23

2 ERA| B2 TP IKs S Of2{st B2 B2I0lAMONI0|E2| LhS eimEM 3.4%
o 22 BT BHOILL TR BEIOIES BASHEE Q0IN AEITR TR 36. LIS E2)

O] AAOFH|OE 2] HHE A0 o] SLTS DFERUL,

Z5l=
25t 59

ofs RO{0L =2 &oft 2y, H &2 Ao ZEA &, J12|1l 1 F12= S8t 7|5S LHEHH.
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0|23t EXS AKS HF|2| LM Bieke ®015H| 9I8t 7|2 ZZ(Chiral amplification) &140] Z2|0|
AA|OHH[O0|E S0l ZHe(ckA A

Z2|0|AAOHAO|ES QI LIAE 11

—L— O

oMol HEHY 7|E S% 21 o= O €85

-
0
I'-IE

Of 2Tt SRA0| 2ot HEX 7|2 R Z22E 7|3 Z0/7HAM/SZEME AMEdte Lol

ULt 712 BHZRH RSt Hetad Z2/0|AA0tH|0|E= Goodman[b2] S0| XMz UEat
11, 0|0 Green[53], Okamoto[54], Zentel[55], Lee[[56] S0| ASHMOZ EIHCH I 14a).
Okamoto[57]2+ Novak[58]2 7|2 7HAIKIE AFRFUCHIE 14b). Okamoto S2 L& 7|2 JHA|K|
£ AEot0] OF7|F O|AA|OHH[0|EL] Lt 2iet0] MEXO = MU S0l= SesE 450U, =
2[0|AAOtH[0|EQ] B2 Aks ZO0| HRI0IM YT 7[=2E|S| 50| HodS LASHULE 0IF Inai
O

L Q]
— %E

0|=(Covalent Chiral Domino, CCD) 212 HHIHCH59,60].

ro
ol

AO| 7|2 YTt AR E ZH= HENO|SOIME LIEFES &0l

7|E SZHE 0|82t 2H 27| 3201 et 7|2 e 2d 3012 S0 =Y=7| HIX|
= SFEX| R3O 2 MAE 71 SEME HICS| 2/ 302 SEo| MEoto EH 7|3 R0
HSHCHAY 14c)[46,59,61]. Ol2{gt A= REH 2/d 012 S=0| 7|2 20, 712 JHAIH), 7]

o
2 S|t S Y 7HsE0| LISEIQILE Ol= '4.1.1. Double Covalent Chiral Domino (DCCD)

oM Aot oHH

—

]

JHIZQZEHN 7|2 QL= Green[62]0] 7|2 EAS ZHK| 4= Z2|0]AA|
OFHIOIEMIN XS =745t 1, Okamoto[63]2F Kakuchi[64]7} ISt SAE-HAE MSARS

SOl

_E- Three approaches for the covalent chiral induction in polyisocyanates: (a) chiral
monomer, (b) chiral initiator, and (c) chiral terminator[59].

(a) Chiral monomer (Green et al.)

CUMHUANT

(b) Chiral initiator (Okamoto et al.)

CUMMUANT

(c) Chiral terminator (Lee et al.)

CUMMUANT

42



Al AT, LS DXt kA 20F 2 Hisk
Green 52 7|2 Z2|0|AA|OHH0[EC| HHUZSHY| e DEBH|O| HAIRAF 20| 7|2 ==

1 L= ZQFH 7|2 Y22 wAGISC Z2|0|AAOH|0|E TIUSSIH AL 7|12 SES X2
5]0| 7|2 H2HH|2| B=(Cooperative) B2 MTEC} 7|2-017 |2 ZESHOIAE 7|2 (Y

=
Z)0] 0F7 |2 ME(HANS UM MEIX BB S ZH[GIH, SFRA7E HY ekl Lidg AEiSH= 5
A-#AKSergeants—and-soldiers) §1f2t= 0|22 H[OISICH65]. LHS4(Enantiomer) 2
Ho| SSEXMOM= A0 ASH T Cho| HHA 42 T2 =0, T2 7[~H2E[7}
MS5t= S Weke| LIS MEIS = TH=Z(Majority-rules) 22F & HQF3HCHE6].

= M= 2l 20|12 SeE 28ot0] HEet Z2(0|AAOH0|EL| 7|F M= oA ¢+

[

CHae]. 214 2012 B2 H7tLUES YOI =M, 7|2 ZHNME A5 OF7 |2 HICS| 21

|:||0 ;oll

0|2 UM 22Xz 72 S82 Mo = UL 7|2 LIEE OI0|HI0|E JiAINZ 2H=
2|SAO|AAOIHO|E(PHIC)= |-PHIC, 7| AMEstE £SZH|2 2= PHICE T-PHICE HHE
Ct. SOIEAIE I-PHICE E& LIM0| 717k2 a2 2l B, T-PHICE &8 LI E42 ER
CHG1].
= MAs B 2 7|127|E A= Z2(0[AA0H|0|E HEHEZ O|F0E J2tRE SS (0
ME CCD 25 Ao} aiE TY S2AEH FARSTE O] LMY T-PHIC HHEZ 0
T J2tEE ZESHHIE M6 CHOR! 15a)[67]. =2 0|A4M(Circular dichroism, CD) £
OZ8H T-PHIC HHEY} dSoh= LM 2ref0] J2{Ie FErF S7Fet0f It HEXO 2 oiE
= 20U} Ol= 3TE T-PH

S LEHHCE Maeda S2 LS Z2|(HE0ME) FAE, 7|2 2HYIE 2= LY Z2((HE

?9 rLIHi

-|_ru

ICS A0[9] SRZe A2 Z017F L BrHol| Feks OEIt= A

O|AAJOHHIOIE) HIHE} Agtel 11EAt BAIS SFESIATH68]. 2152 0] Ly 22|(TE 0]
AIOHH|O|E) HIZEQ| 7|2 YHOZRH FARSQI LMY 22| ZO0tMEHNC= FH2| 71E FE
7t HEEE dE CD 24& Soll =205 0| 2 XNAt= T-PHIC HEES Z&fotks LY

A E2IAOA, B 71 TEO| Z0| AH 0] 10 nm 0[5t ASOIACHIE 15b)[69].
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o

_E- Helical polymer brushes with CCD (covalent chiral domino) effects. (a) A polymer
brush consisting of a polystyrene backbone and T-polyhexylisocyanate pendants.
(b) A polymer brush consisting of a poly(phenylacetylene) backbone and
T-polyhexylisocyanate pendants[67,69].

Covalently aggrogated
‘chiral PRICS

Chiral PHIC
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E MO S 1EA T [Satete] Zelts Sl 5 E A2 GldEH34].
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|04 =z10124101101E 3Q 2= 2580 34Tt 2% 67
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2|0|AAOIH0|EE Z&lol= 22 S5 HME MM 2 8itf-F 2 (Rod—coil)[70], SHti-TF Y-8t
CH(Rod—coil-rod)[71], 2Y-UH-F L (Coil-rod—coil)[72] S22 FEECKTZ! 16). 0|2{ct E2

SEMS2 LYt S0 AN S5 AV |28 Ha5S /M.

OH

.Em lllustration of polyisocyanate based (a) rod—-coil, (b) rod-coil-rod, and (c) coil-rod-coil
block copolymer[70-72].

B prng -
R NYYYV R

Rod Coil
(PHIC)  (PSt, PEG, P2VP, etc)

(c)

Tomas S2 Y-ZUS poly(styrene-b-n-hexyl isocyanate) (PS-b-PHIC)S &fd5tFCt
(O™ 17a)[73]. PS-b-PHIC 25 3F&Al= HAM 22 2A HEE 7HXH, PS-b-PHIC &
SSYA| o] FuHAIG0IA(TEM) 2EUIAM X|IZ1M7L 2f &2t JER7F LIEFGT PS-b-Z2(al
O[AA[OFH[O|E 2Haf0)| CHEF TAte|” A2 S2(0|AA0H|0|E =0Q10] 83 E= 85719 &A

Lz =2 292 Nde &

2
I

ALt 2 MAh= 2 30|12 SEE Soll 2-T LA poly(n-
hexyl isocyanate-b-2-vinylpyridine) (PHIC-b-P2VP)S EHd6tRACE PHIC-b-P2VP EHEt0]|Af
 HEE 2rat Fei7E 2EEACH70].

Pearce S2 2|&l {7| ElEt=(IV) B0 £&2 Soff UH-TLH poly(n—hexyl isocyanate—
b-ethylene glycol) (PHIC-6-PEG)S &Aotl, 1 2QEZT HAMNES HEGIXCH74].
Hadjichristidis 2 -2 Y& poly(n—hexyl isocyanate-b-N-vinylpyrrolidone) (PHIC-
b-PNVP)S dotUCH75]. E2|AHO0|AAOIH0IE S22 HA sodium 4-oxy-2,2,6,6-
tetramethylpiperidinyloxy (TEMPO-ONa) 7HA|X|2F NaBPh,S AFE5H Bf+doti, 0[01A 2|2
HAIH] AIBNZ O|ZoH TEMPO 182282 ZE2H|EM2H 252 AoI%CE PHIC-6-PNVP

2 S0M 02 A2 5 SHoIAC.
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3. L3 22|0|AA|0H01ES] &Y

o

2 XNAts oftf-T Y-ty PHIC-b-P2VP-b-PHICE 2|d S0I2 S&g S &4siRy,
2 AT 2 E)et HHolt ofig oS 25 SSHAO| B2t BH AHEE AFMCZ HE

T
N
<
U
It
Jhu
ro
[
2
N
2=
g
2
Hi
ro
ol
k]
1
1o
H
o

SIRUCH™ 17b)[71]. PHIC-b-P2VP-b-PHIC2

=
£ 31, 90| S PHIC 222 0107} BRII| MSEB0| SIS, 0[2(3t uiar2 THRS 262 M

[N — =2

rn
OtO

OHOl .L=EA17|H, E2/3AH0|AA|0HH0|E S50] HH(LC) SHS LToIAUTHT6].

_E- (a) TEM (Transmission electron microscope) shows zigzag morphology of poly(styrene-
b-hexyl isocyanate)[73]. (b) AFM (Atomic force microscope) shows nematic state
of poly(hexyl isocyanate-b-2-vinylpyridine-b-hexyl isocyanate)[71]. (c) Optical
microscopy shows spherical vesicles of coumarin—containing poly(hexyl isocyanate-
b=2-vinylpyridine-b—hexyl isocyanate)[77]. (d) SEM (Scanning electron microscope)
shows spherical vesicles of poly(hexyl isocyanate),~b-polyethyleneoxide[78].

TU-OH-FY FEO| P2VP-h-PHIC-b-P2VP HA| 0|2 S0 2ok SAsIHCHE
160)[[72]. ®XN P2VP-b-PHICE &HdatLl, 0|01M »2Y HtER F 712| P2VP-H-PHIC 2|8
AES ZEOIULL oY 45 22 SSEMOIME 2tgat & 22|71 B 01F, AE 5Y9
L2 7|0 00|12 2718892 01D Fullerene Cyy2 TRISIACE 2 SN ZFUIN 78 A
ot O SHER7 HEE(QICH E9|, RO TQ) P2VP-H-PHIC-b-P2VP2| AL} O|MO| Z5hs

r

0]Z(0OM) AREIQ] Z2[H0IAAOHH|0]ES] 2RI A HZ0| ZEEIUTHIE 170)[77].

-

2 XAt 82 (PHIC),~PEG2t (PHIC),-PEG—(PHIC),2t &2 YE(Miktoarm) SEHE &
SoISICk PR 214 20|12 FEOR BUMOANOLI0IES Brotn, YR Hal2g &7fot

T Y AleS 2ER U3, HEEZY0(E 2 220EHZ2ES O0I2 27I= E=27(0f
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Al ACH, LAS] TEXIO| HA) 20F 2 i}
TQIBIACE CHCI2H THFOIA (PHIC),-PEGE QI8 &5t S20| A2 CHE D|AS SN
S0f St TRt Z2(0| 2B A2l 8 Ei= B 752 BHGIGUC. (PHIC),-PEGY 7
AT SE|7} EAFEAIBIO0IZ(SEM)CE ERX|NFLNIZ 170)[78]. Hadjichristidis= 47|15 7HA|
HE2SE Z2|0|AN00IES Eafoh= APHO| 7HRIS ZHe M2XIE PHIC UEY AEF 12Xt 8
Mg HUSIUCH79]. 1,4-C/H|LHIM(DVB) L NaNaphl B20 =2 BHE C17|5 JHAIHIE ALRSH0

CHet AEL Z2|3AI0|AA|OHA|O|E 2} polyisoprene—b—poly(n—hexyl isocyanate)?| LIEQt AE|

i

Grubbs S2 Z={0|AAI0HH0|E 7[E HEjA| 25 SSEHME gdol, 22t AVI=EHE

JHLSIACHB0]. Z2/0IAAOIHI0[ES] HEER =

=
HI
Pal
ol
|
n
>
njr
Jhu
O
o
|10|I

Al BH0l Ral5HH,
Ol ZAXN 284 4= AUCH81]. Poly(4-phenylbutyl isocyanate)(PAPBIC)2t PHIC AFES 7|

8k5t {0y HZEA(Macromonomen= =2HUIOR 7|531E {7 ENO|EHs(IV) Z2OHE 0|26t 2|
Seie Sofl FHoIR. 0] & 372 AU HHA= FEHlE Z007t Uik 7H2 HEMAIA S8
(ROMP)O| Clsh E2{A| 25 SFEA7E SERACL O|ZH 22 EA| E5 SEEHeE =024
OB H2 EAEZE HOEUCH, 2XZ S7H01| Mt X2M-7tA [ S0 MEIX BIAE &2

Ol 22t 125 LEfLL, 1R}

rio

LS ROFU
AIZTIX| B2A0ILAOHH0IE 87 55 BEUMS XDIZHO2LE HEE Ny, 0l 21y
2l A% TES MHEQIEE, Ol 259 7Y 22 E00I0] BESP| T2 Lt 123 3

EHOICY. Of=fet A+52 XAt SO| £[== #3%! O|AAIOH0|ES| 2|1 30|12 SEE 7IHe=2 =
=

OlCt.

|05 =:zj0]2Al0HI0IES] 7|53}

=2{0|2AOIH|0IES S82 IEA MAI2| 7|sei/t S0l 2El=lA| 20t &o| HTEHA| =

ULt 3012 SEUAME HEE FAGIAIZ, Z2(0[AA0tH[0|ES| & HEH2 ES-d0| I A,

rulo
0z

pal

>

N

4% 0
30

o

l‘1

rom
o
n

=

>

=

(@]

=

T KL = HSE7I= 0|AAOHH|0|ES| S

=
{5 00| 2f5t7| 20l =HeH(Postmodification) SA| 2&Fst 2740(A 34 =|0{0F

o

|ES| =F

Jon

47



3. L3 22|0|AA|0H01ES] &Y

STt Ol2fet 022 ME0| Z2[0|AAOHI0|ES] V|S2h= 2 JHAIM = S0 2ot ZH 7|
S3HEnd-functionalization)Ofl CHoll H2=|0 ATt

O|AA|OH|0|E ZALS0l| SIEIZ HXE 2= TS0 71sd Z2/0|AAOHH0|ES 2= O
A8E|0] LY. Green S MIEHIZ, HAHZE, HE ZAES XU 754 E2[0|AAOIH0|EE THE
VRSO 4EHE =017| flol BHoIACH82]. AE[H-H|ZHz= SSRXRL 24E ZAE0 o
H= XS Z20[AAOH0|E REXQ SHESIH UH-TY SeA 2| 7|AX dES ZARIU
C}. Kakuchi 52 F2IR0EIZ ZAES XY poly(4” ~isocyanatobenzo—18-crown-6) (PIBC)S
0|2 SACE MSIAUCHBI]. BAES F2R0HEE 712 OO it 4SEES 4 AUOH,
E|0|AAOIHI0|E REAQ| LMY 7|2 Wiakg Rgt &~ QUCH 0]0{1A 1,14-bis(4-isocyanatop
henoxy)-3,6,9,12-tetraoxatetradecane0|2t= C|0|AA|OIH|0|E HEHE

AEIESHH Q! 112]= PIBCY B2t RAGH 7|2 Ot0| =4St oA,

SO, HES
SotRAH64].

Sftot7| ?Iaf, E

OII

2 MA= &gl Z2[0|AAOIH0IE REXME 20 &E7| CHYH
£-Q(thiol-ene) 29 UtSS &oll SI0|=E4 ZE7|E K| Z2|0|AA|OIH|0|EE 43I
Ct. HXA poly(allyl isocyanate-b—hexyl isocyanate) (PAIC-b-PHIC)E 2|8l 20|12 =22 &
L= 5t 0[0] HZEOEHSS El2-2 20|z 2It2 Y27|0| = USIAUCHIY 18a)
[84]. 21Z 22 ZF & poly(2-hydroxylethylthiopropy! isocyanate)-b-poly(n—hexyl
isocyanate)= YZHES MO HUOM OMYEL XS LUt =5 AF0M L
& JHAIMIZ 0|2510] L2 O|AA|OIH|O|E-AE|2 22 ZZE6H|(PAIC-b-PS-H-PAIC)Z 2]
Bl S0|2 22 25502 Mo, 1-E|R2Z 2SS PAIC-b-PS-H-PAICS| L27J|0f =

Al

-

QUSIALL. =E MMHZQl poly(3-(glycerylthio)-1-propy!l isocyanate)-b—polystyrene-b-
poly(3—(glycerylthio)-1-propyl isocyanate)2 +& MM Xp7|ZES Sl 714 AZHE &
Aot= 20| ZEEACHTE 18b)[85]. ZZ0l= poly[3-[[2-(diethylamino)ethyl]thio]-1-propyl
isocyanate]-random-poly(n—hexyl isocyanate) (PDETPIC-ran-PHIC)S &7| EOIEtE(IV) &
0f St ElZ-2 2t 272 M5 0(T™ 180)[86]. THF +~&t=(Clathrate hydrate) 4%
AN a7t =1 AT

= MAk= AlSoiA Tl S2(0|AA0H0|ES] 1S TIlSHH, £l4=d 0|AA|0HH|0]E2] X
H ST AGIATH87]. ETH FHIHO|ES 2t 042f O|AAOIH0|ES| 2| 20|12 F&ie

NSt O A 71 242 AHSES XY poly(n—pentanoxycarbonylaminohexyl isocyanate)
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ALAH, LIS A0

oo
0x
Hr
o

o
>

o
od:

MU
0.

(PPEAHN= oA MOjE 2Xtgnt 2 2MEE BICHB8]. HE=0A PPEAHI/Z2I(2-H]
2hj2|d) SUES AX(Vesicle) TARZE HEEUCE. MA= ASR WEFIE7 St
Of OFXHIMI|E &25t poly{2-[4-(-nitrophenylazo)-N-ethylphenylamino]ethoxy carbonyl
amino hexyl isocyanate}2| BH ZAXKsurface grating) &4S H134CH89].

Kakuchi 52 &g R&71E #= 7I5d S2|0[AA0H0|E REXIE FEo| efdoti, 2

£9| 8¢ E2(0|AAOIHI0|ES 205, 22| (HEAZ2|E) ZAS(EOICs)S Al 0|44

[

OIHIOIES R7I EJEtE(V) ZHZ SE6IRULL, PEOIC YAt 27|71 2 QEXOZ HSBITI T
oI 0|0{M PEQIC-b-PHIC =58 SSEXE &dott, PHIC-6-PEOICS| Af7|=§0| ofgt
2l

YUSS 07} T4 ATS PEHIGCH(D

— =

.Em (a) Lamella morphology of hydroxyl-containing polyisocyanate block copolymer[84]. (b)
Spherical vesicles of rod—coil-rod dihydroxyl-containing block copolymer[85]. (c) THF
(Tetrahydrofuran) clathrate hydrate formed from solution with ammonium-containing
polyisocyanate block copolymer[86]. (d) Cylindrical micelles of oligoethyleneglycol-
containing polyisocyanate block copolymer[90].

2 0 0\) In g‘ln(g .]u(g NJ P
@' N(C N);pkc—w){ / \i LRGNl ><
;,‘ 5\> g s
§ H04§ g—OH
Hal o <C>H
(c) (d)
L N), LN
B ”‘o{g N)’rerr[vcj H Eu\l/\o S CSN .
> { b S
¢ < /A M
S ( (_D/—
NH &
&
7|S3tE Z2[0|AAOH0|E= IS A8VIE KAUE =, 012 § LYot =4 &&87|E Elot
7101 Mgtotct. ot Z2|0|AAOMH0|E= S| AFS0| M2 THE HEQ| HHAMIE el 4= A0,
KIAOIM 22 BEO|E FRMO| O 7I719E 4= QUL 2|2 S8z 8 7hstt Z2(0|AA|0HH[0]

Eot = UM JHEE Vst &

Moo SQ8 Fes & Aot

r
0
ol
02
!
=
ox
e}
m
S
n
o
_t
i
S
>
=
(@]
i
§
1
>
0
%
=
2
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3. L3 22|0|AA|0H01ES] &Y

|06 Lr2 =210 £ AI0HI0]E2| HHE FlOf

DEX ST UM S (Sequence) MH= TEXIC| HAIEA X2} 7|52 SHAIZ 4= Q
=5

=
OiM 8 A7 F9| SHHOICHIT]. 2[2&0IM Yot HHMA shde MEsH gz, TY 2

=
Hati(Messenger ribonucleic acid, MRNA)E O =2 &t S5 Of0|LcAl HIER2 FXHCR
A7t ZEEOTICHO2). B, eFd TRAIO| HiE2 HHAQ| B2y AHS Sdlf HIELEEX R
2 HOoEL 2340 e F HEA | 01d: SSE2 7t Haet g Mo SeolH, 012 §

all 2HH(Random), 12| E(Gradient), HIO|HE SZ(Tapered block), 2Z(Block), HE|22

11, 0l RS sSEH= HEHC Bt

nr

(Multiblock), WCH(Alternating) 2&EXIZ 48t 4= QL

248101l 2JshAf HiZ0] ZFETHE 19)[93].

_E- Typical types of copolymers with specific monomer sequences determined by
monomer reactivity: (a) random copolymer, (b) gradient copolymer, (c) tapered block
copolymer, (d) block copolymer, (e) multiblock copolymer, and (f) alternating copolymer.

[a] Randorn copolymer, P [A-ran-B]:

(X D T 3 3N N K N X N N 0 X X 3D

[b] Gradiert copdl yrmer, PLL-grad-EB]:

D W D D0 e D e 0 e D D D N D F ¥ KX WX XX I XD

[c) Tapered block copalyrmer, PLA-ib-B]:

XA IO X BN I DN DX NIX H I X I IX XXX XY I XY X XY I XY I X XD

[d] Block copoymer, P[&-&-B:

N 0 N Jxx JC Nx H X DX I I I NI I I XD

[e] Mutiblock copal yrner, PLA-&EB].:

LRI F NN I NI I F AN I XWX DI NI

[F] Alterrating copol yrner, PLA- 2 B):

>

ot R7t HHUZE SIOfA], Bl XI2719] AT & N S4S B0 H

0

2| HSdE ZEA 22 + AL, UEAF g0 A0A Tefet HE Moo H2
0| AUCHO4]. Frey 52 &2 2|y HE0 HHH =SS Ao R HII6HH, Yt 2 Hi

=
E(Monosequence)g otte] TR A0l B 27t6HA] B|0|HE(Tapered) HIZE = E2 3
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Al AITH, LS TEXI0| 3hy £O0F 2 wat

SEAIS SHoIACH9E]. 0]2 20| 2| S22 F U BIES 2= HEIO|= 2AF 1EX0]| HEO

HHEZlotL. WefA = 3012 SE2= H=E Z<(0

ANOIIOIES T BIRZ X BE|S
DA DER BHIOR WHAIZ 4 YL,

E
E

O|AA[OHH[0EQ] HIE X|Of= O|AA|OHHIOIE SFIHS| THEHA| Sat=0i CHet 2/ B¢l
20|22 FEE9 HSEE2XN A7t el ZIMERACH Mark S2[96] LEO0|AAOLH0IE(Allyl
isocyanate, AIC)2+ SIAI0|AA|OH|0|E(n—Hexyl isocyanate, HIC)S O|AA|OH|0|E SEHEA|Z
ArEot0] 2| Hi®| SEEE AL, A HHO| 77k Y 2EE AUCL 2 XMAH S2 FAfe
¢ ST AT E LEO|ANOM0|EL| =0| HICELH HIE X2 2242 HE0| X0, SSEA|
AHE0IIM LZIO[AAOA|O|E/SAO|AAOHAO|EZ T HIZS SfRISIACHSE].

= MAE 2y S0l2 3 HSEEES U 20| MANCZE FHSHAUL97].

o

NaPEPPA/NaBPh, £& 7HA|HIE At2ot0], THEZO0|AA|OHH|0|E(Furfuryl isocyanate, FIC), &

HO|AAIOFHIOE(AIC), AAO|AA|OIHOE(HIC) Ml HEFE Z=&f6H FIC/HIC, AIC/HIC, FIC/AIC
Of Ml 71X O| A SSEE Aot 2= 7Hstt 4 9e £ 40t Zu, HHH Hesd &

M7ZFFIC ) AIC ) HICZ LIEHGCE. M| SHEROf CHEE PC-NMR 240 A O|AAOH|E B4 ZHO
A A FEIt ErEdut 22 Zgg B0, Ol HiEHQ] MAREVE 2o/t g gH 20129
CIYAOl| Chet BrSdS LIS AAFRICE FAEEI) M7 |= furfuryl ) allyl > n-hexyl =22 24
Lt ZEXOZ, O|AAOIH0|E HHAQ] p-EtA IX|0f EtA-EA 0|SZE0| EXHotH o-HE
2 ¢t SH st Fut= QloH O[AA|OHHIE7 (9] Bta TR Tt ZAASHY. 0]2{8 it= HY
0|5Z&(Monoene)=2Lt 0|5-0I5Z&(Diene)2 & X|ehet+5 S ZaliXiCk= 20| 20a).
BI2M HI82 M| 4(FIC/HIC, AIC/HIC, FIC/AIC) 25 UBtMol EMS HICHIZ 20b). &
THlE dskl= HHA0 thet BESEEX 2M X HOK 25 SSEAS 25 7tsd8 7ot
E2, 22 2589 7FsM82 FIC/HIC ) AIC/HIC ) FIC/AIC £0|iCt. Mi7He| BS&A

£ ZAE=2 HERICKOE 20c). £=H| 2710 Mt 2T HyE2 SE87t 71 2 32

-4

rir
A

P
i
Jhu

’

SSEH(FIC/HIC: P(FIC-b-HIC))0|12, 11 thg £=H7t Mo =M HOIHE =5 SSEA|
(AIC/HIC: P(AIC-tb-HIC)), 12HC|AE SFEHI(FIC/AIC: P(FIC-grad-AlC)Z HIZ=UCL. Ol=

FIH| HEA HSd Ao A FYO0| HiE A0 S2es eI

II
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3. L3 22|0|AA|0H01ES] &Y

_E- (a) Structure-reactivity relationship for n-hexyl isocyanate (HIC), allyl isocyanate (AIC),
and furfuryl isocyanate (FIC) (EWG = electron-withdrawing group), (b) reactivity ratios
of FIC/HIC, AIC/HIC, and FIC/AIC, and (c) types of copolymers from the comonomer
pairs, FIC/HIC, AIC/HIC, and FIC/AIC (HIC (green), AIC (blue), FIC (red))[97].

(a) | Increasing reactivity to anionic nucbﬂ

e S T
e~ c'-"x./“-‘-\-\
o* o DL N o
n-Hexyl: Allyl: Furfuryl:
Non-EWG Moderate EWG  Strong EWG
() [ o o, o, o, o, o,
c ‘e, c\\N c“N c\\N c“N
(1-x)m N yn 5 {1-yhn 20 (1—2}05
7S 4 % /
= e
FIC/HIC AICIHIC FIC/AIC
Feee = 100 Fucsic = 8.75 Feicag = 2.29
fuceio = 0.108 fcoac = 0.345 Fucsic = 0.468
Teictic/Muic-ec = 943 rae-siefMicme = 254 Teic-wclfacec = 489

(c)
P(FIC-b-HIC): Block copolymer
Q00000

P{AIC-tb-HIC): Tapered block copolymer
0800000000000 NEEITRRARTLRRNEEEN0EE00000)

P(FIC-grad-AIC): Gradient copolymer
QOO0000AVVOOAAVIAIIIAO000IVAVAAQ

O|0{M, otLtel At ALS0Hl FIC/HIC, AIC/HIC, FIC/AICS] Of2f T BiES HZot| 2ok
T MR =it F2t 7 |EE HESIUN A Hille 22 TS| HEH YE =AtHez i S2 T
g

ET o= -

S HIE5H= 9HAI0ICH 0|2 #&(Homogenous) &kt 202 2=810(2}

°
=
I e

L
I
|0
u
4
0%
Qﬁ
=

rey 59| M3 172 eI QUCH9E]. FH 27 012 BFUS S
IC/HIC, FIC/AIC ZiZi0iA ZELEZ, El0|IE HE|SE, o

E SSEA7H E=ACHIE 21a).

L
o
>

E|ZZ2{EAE Z2{0]2A[0FH[O]
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Al AT, LpMS 12Xt

o
2
AT
o
o
gl
o
Ji

A[0|Ct. 0|2 O|Z(Heterogeneous) &=At 02 3EE0(|2t HHSIRAC. 2 XA AEE0| A2 T

2 /O] A WE =AHC 2 Aok WS 2 3012 ST 2l 22 M2ttt 0
A &=xt 80|12 FFE2E 0| FIC/HIC, AIC/HIC, FIC/AIC, M 42 MZ T2 &7t =M= I,
Cifet B2 S Z2afohs Z20|AAOHH0IES 242 BAIKCHE 21b).

m Schematic examples of (a) homogeneous, and (b) heterogeneous sequential
anionic copolymerizations of isocyanates to afford polyisocyanates with multiple

monosequences[97].
(a) (b)
F FICHIC (1st) " FioHIC (15t
P(FIC-6-HIC): FICHIC (2nd) PIRC-bHIC): AICHIC (2nd)
PIFIC-b-HIC),: FIGIHIC (3rd) PUFIC-b-HIC)AIC-tb-HIC)]: FIC/AIC (3rd)
QU000 II0 QOO0 VAAAAIIAIITO0
PIFIC-b-HIC);: 1 PIFIC-b-HICHAIC-th-HICKFIC-grac-AIC)):
QAAAAIOIIIAAIDIIIIIIIIOIQIIIID
 AICHIC (1st) B AicHIC (18t
— o)
PAIC-tb-HIC): ACHC (200) PAIC-tb-HIC): FICIAC ()
0000000000000—1 QA0
PIAIC-tb-HIC): ACHIC () PI(AIC-tb-HIC)FIC-grad-AIC)]: Fleme )
QA IIAIIRIRII00 QA
PIAIC-tb-HIC): ] PI(AIC-tb-HIC)FIC-grad-AIC)[FIC-b-HIC)]:
" FIomAIC (1st) L momIc (1st)
P(FIC-grad-AIC): l FIOIAIC 20a) PAIC-tb-HIC): l FIGHIC (200
QOO QOO0 I00
P(FIC-grad-AIC),: FICIG s P{AIC-tb-HIC)(FIC-b-HIC)]: T
QA INIIINDIII0
PIFIC-grad-AIC);: PAIC-tb-HICHFIC-b-HICKFIC-grad-AIC)]
List of reactants. " FIC/AIC (1st)
o B O %, % oy % o, :
O & o s s C, " = ' P(FIC d-AlC):
@/VL""" md ol || m ol || 2 am | Ooo0000000000 FHe @
= i
Q Q '
, ; Bl gt :
o 5 % b o % ° o E PN [ PUFIC-grad-AICHFIC-BHIC): ACHIC ()
; Q2000
- Sl PUFIC-grad-AICHFIC-b-HICHAIC-tb-HIC)]:
I: NaPEPPA FICIAIC AICIHIC FIC/IAIC i

02t 20| 2| 302 STl 2 el HSEE2Y S+1= HEA tigs
FHS HEAM O A HelE Olstol= O REMH. 55| TEA| O|AAI0fH[0[ES] 2 &t
0[7|% ottf. Z2(0|AA[OIH[0[ES] HYE M0= dAl LEA 29 FAtRE 29| HEO|E ZAE
et TA O}, S| T B{E | 71Z9] 0|AA0FH[01E El
AA|OFH[O|E2F HEFO|= ALO|Off 41224 7150 OFA S0t & 4= QT O] eHAl=, & 7K 0189 T

H Yol 27 718 Sof B2A0IAAIOIIOIE M0 TEX ST CiHS ROFORI Jug
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olCt

AN

Am
o]l

| ZEISS SSYAl= HEet 2N 7ISe2 HUHEA AT 2 T, Y

1

riol'

HE0IA AAIE-G0 Hefet 3R A8 E9Y = WUs W22 HYE
0[=9| Z2|0|AAIOHH|0|E SSEAIQ BHESEEEN S+ls d=2sd Vst 290 O B2
UE Wi(Alternating) E2/0|AAIOIH|0|E SEEME SSIIA SIACE. R4+3 &1t Zal
H
=

AN
2 H= Z2(0[AAI0MH0|E9] BIE Mofets &= MAZM, AZTI0fE BEO|IE 2At
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@ Schematic illustration for condition required for alternating copolymerization[34,98].

Conventional isocyanate Bulky aryl isocyanate

Q:Cz[r O=C= N
|J Strong Electron
steric effect withdrawing
K1y
S N
o o |e ‘/}X\S’*N o o J]o f—-\j/_
—r«ll—c lil c :

o=C= _ O=C=N
& N b e C-N-C-NE-C-N
LI J Lll Kz U J] Ij I) K22 IJ
0=C=N =C=|
Electron withdrawing effect | Steric effect ozt

|
- Inhibit self-propagation ( ' = Inhibit self-propagation Q

S8l 10-60 H910] L) B2J0|ANOII0|ES EXZO| OIS SAET} HUOH, B3
X27|2 TBAIZICH 010] SBKPostmodification) 22 Y0 XS EUSIRCHIZ 23). 1
2} © IO Z2{0|AAI00IE S YIS XICIAOIA LT LM HEI0|=0| TR0t QALSH
ORrA(Janus) XS ZH=Ch TRIA Y20 DO Z2/0IANONI0[ES YR LiM BEf0|S

=
9 7ISE MY = US A= 7|HEH, 0[] et S& AH+E 7105kl UL

m Schematic illustration for synthesis of amphiphilic alternating isocyanate with post-
modification[34,98].
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GREAT SCHOLAR CAREER DECISIONS

Lix12 Z21012AIOHI0IE
e1710] 2i5 3l S8 g1 M

Z2{0[2A0tHI0IES] 2| S0|2 SEe d8H2= 2AFAIZ! 21, Tt g=9] 20|

o o
2|0[AA|OHH|0|ES| EAtEE MOE 4~ U &= OfY
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d0E A/H5t

|01 =2l012A/0H4I0]E 17225261 Double Covalent
Chiral Domino (DCCD) 21t 91 22| =

Okamoto2} Green S2 Covalent chiral domino (CCD) E2}0i| CHat G712 YMA|ZICH 2 X

A= MAIIAM M52z Lzaet Z22(0|AA0H0|ES] 2jUdS EE5HH

| =]
o

2/ FHS 100% S2Z X
5 AAL, Z2|0|AAOHH0|ES] LT FEHC 2 ZAME EYSIAS & OfL2t, 710|Z2|E|
S MO = AAS. O Lo+ ZHO| Z10[F 7HAIMIRE SZHE =-510 DCCD 24t9| EAH2

2 SOIQICE Of= B2/0IAAONHI0|E0| 2 W OfLI2Y, B E 100% S22 07 21}

4.1.1. Double Covalent Chiral Domino (DCCD) &2}
= NAtz S2[AH0[ANOHH0|E AFSS| Y UH| 7|F 2V |E #= B0 UEL= 7|12 &
ZSMS 01 28Z8 7|18 Z0|=(Double Covalent Chiral Domino, DCCD) 212 HHGIXALT.
A O
T AN

UL IHAINIRt 7|E SEME Z&otH T-T-ZS2[AH0[AAOH0|ES gRde == ULt Ol= F 719

-

o
c-gt

u

2 IE Y Aks LHOI| 71X, AtE EY0lE 2E(Kink) 222 =0 242)[99)].
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101 SFERITHY 24b). CD M2 T-T-22[aH0|AAOHH0]E7F T-Z2[2AAH0|AAOIH[0[E
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QF HICHO| LM eks Foke B, |11-Z2|H0|AAOFH0|E= -2 2/ &l0[AA|0HH|0[E Q| L

Y Zetes 20U 02t Zits 22 A0|AA(0tH|0[ES] L kol BRH0| THa V-
HEHL C-2HH 7[H WL M2 TE 20 H=ls S ZoM AR

_m Three routes of living anionic polymerization to the chiral induction from both chain
ends of poly(n—hexyl isocyanate) (PHIC): (a) Bidirectional nonchiral initiator-unifunctioan!
chiral terminator for TT-PHIC[99]. (b) unidirectional chiral initiator-bifunctional nonchiral
terminator for I-I-PHIC, and (c) unidirectional chiral initiator-unifunctional chiral
terminator for I T-PHIC[61].

o] “Helicity inversion” due to a linkage effect
(a) o y ge eff
o M 9 o0 o N o - P-Helix [ PHel: Th twrminal
T7 ONCN-Ce-NyEnT T T nal rossdug impatis
a ¢ Y Yy oo o PHIC to adopt
i / N S Phalical sons
\ / ;
/ / { <
4 Y ) M-l T il
N\ MY 4 / term o ide
4 \ A covs od PHI
R =T .myu §
adopting an overall
L M -Helix
(5) Increase in helicity due to a coupling effect
A A
L\ ! [ /J P-Helix | p-taiix: The initial chiral
L TL o o 60 o o (,L h residue impeifs PHIC to
L o) adopt a P-heilcal sense.
N ONEANCEINE-ENAE NN W
3 N
o P AL ?D § “’ Ay P-Halix: Chirally ‘
N '-] S £ ( (s initiated and =
[\_ I o ( 3 0y ) I B covalently coupled rinf:;:h"'
“vu ¢ K9 ez UM RN i
P-holical sense P-Helix coupling
()
ing Initiation Supportis ination” (GIST) effect
[(R)-type of chiral M-Helix  P-Helix [{5)-type of chiral |
U p 9 o linitial moiety: Ly - T |terminal moiety:
T 3 20_ 480 20, 340
n N(C NAC <N r Y | el +18 ‘ | fady L
(2 WM-Halix: Overall ———
{ ¢ { helical sense O‘ I "uf?—w \y. Comecm:_n‘\_
1y was governed by “?"‘:;:m )
L a4 by the chirality Y i
LA ot itaer |

4.1.2. Governing Initiation-Supporting Termination (GIST) effect

DCCD &1t9| SlUZ 7|F JhAIMt 7|2 SZHC Aefez A2 Z2|H0|AAOH0IEE
| T-22|3I40|AA01H[0|Eat 220, N- L C-LTH RF0| 7|2 X7|S X|HCE CD 2404 I-T-
Z2[AHO|AAOHHOE= IHAIRIC] N-TE 7|Z2IE|7} ME5h= LM Hetd o2 nte) REE0|

O

QIZ|ULE. 2 XAtz Z2|0|AAOIH0IEL] LIIM2 JHAIK|ZL X|Ei(Governing)dtl SAXZ HX
(Supporting)8iCt= g4t = JHA| XHH-ZZ 2 X(Governing Initiation-Supporting Termination,

GIST) 2 HHSIICHIE 240)[61].
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4.2.1. Two-Monomer-Connected Precursor (TMCP) 112 2+

S2]0|AAOIHI0IES] =Y S0I2BEC2RH Lot 25 SSEAE ode + AUt Z2(0]
AAOH0IES eret YTy =5 SSEA 0012 AWV |ZZ228H D2 2t A0
TAgE # HEeITE XS T 1 S5 2100| HelE okl AN A EMAE =
2I5t7| 2[5 TMCPS &[5t SESIUCH 11 A1t 2X oM 7281 S(Ordering)0| Y& &L=
A SR 2 oAM= Z2(0[AAI0H[01E

A2 HIE] SRYBHAEIEO] A ATHBIC

* YTI0HY Z2|0[2AOHHI0|1E S5 SSEHA| DIO[AZRE EXtE % i EA

= KNAt= 2012 SEUA Z2{0[AA0tH0IES] ejdds #dotl, 01 7oz LYt =
= STEME g = AL O Hopt Ted S50 Ad 255 SA0| Z= STE =
= SSHME 3 X AH

oI}, YTIofy Z2/0|AAOIH0IE 25 SSEXE 0] HlF= Lt
H

oL o o oo = [N e
St7| ?foh 7t HEE EUSIR=M, SEE SR 2Rl ARt TR FEARE0IE
(Transmission electron microscope, TEM)E Sdfl 2[2I5IHCHIE 25)[100].
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Observation of self-assembly composed of poly(2-vinyl pyridine-b-n-hexyl
isocyanate), molecular level ordering[100].

pHIc P2VP

==
’ =~

MeOH / THF
P2VP-b-PHIC 8:2 viv

Br-(CH,)-Br

v Crosslinking

Crosslinked

ruHi

Z7|0il= E2/0|AAOH[0|EQ| ZEBHRIgid) 52 A2z FAUTHSoft) 2SI E2|H|'20]
2|H(Poly(2-vinyl pyridine), P2VP) 22 L{O|A] 7wl A

Ct T2t 2 XA S2 S2|0|AAOH0[EL] Feks HiFIe AT ZELE 27| flal, ek(Soft) 1=
A2toz 0|201T SHIZT2[HE TtulAl7|= S AT 26). 7 ECEIEE |
S FIIXRI0IE(TEM) L2 £t 21}, 0] AR0IME EXHIM 728 E =tz AS =0
SIALCH ot AAM 51H(X-ray diffraction) EA0IME 0[215t #2140] XX USEACHIE 27).

OIRE LY DEXRE 71 HSS Sof SXRIA0AN FAYS 7K 4+ USS HSOR Ul

o1
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= [EYe]

.E' Scheme for random and controlled cross-linking reaction (Left). Origin of the sub-nano
patterns and model for hexagonal arrangement in the cross-linked poly(2-vinyl pyridine)
film (Right)[100].

" [ 2 ]
Cross-linking
Case |
(2 L2 I
Poly(2-vinylpyridine)™
where,
e = N
3 & e =C
— — -;"%;,\ s = Br
3-D Metalllc Structure 0'(2171:;;“ P o L MW = ey
Molecular Ordering =
IRME B 20= YAAAIG0] Hatoh| (et 7|1ES 4S BiE 4~ Us Z20017|of
OH S0|Z2CtD & 4= QUCt HIZ atactic X7} syndiotactic 7XRZ H3I5H Z4QIX| 0{2= 04X 5|
HEI5| HOIXIX| LURITL, 7t BFEOO 2 AR HOA £ #2H0] FHECE F2 25t
Lt O LtOp7, Ol2fet #A1H BiE= Qlol F8R9| TEX0A= 2EE 4 QIUE H=d0| D|efst

L0t #EE= s2k2 2tz 0]01ETH100].

.E' (a) High voltage electron microscope (HVEM) image of cross-linked poly(2-vinyl
pyridine) film. (b and ¢) fast Fourier transform (FFT) and inverse fast Fourier transform
(IFFT) images of the selected area of (a). (d) Thin film x-ray diffraction (XRD) of the
cross-linked poly(2-vinyl pyridine) film[100].

*FFT: Fast Fourier transform

XRD

Intensity (a.u)

N

5 30 35 40 45 50 55 60
26 (degrees)

*XRD: X-ray diffraction
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22 S22 Two-Monomer-Connected Precursor

(TMCP)E JSIRICE 0|2 St 2t EXFHoN 2] tE0| HYASS SI5IACHTH

28). A4 At 24 AN AARA YAHL= hep (hexagonal close—packed), fee (face—centered
Qo

cubic) & Lot AN 2F A7 LEHHTHIE 29, 30). 0l2{et 2 OF U2XL A2 X

TAEO| e 2-ARI WsN SH= TS = AT 2XE0IM AEQ1 49 HHO| ¥
7| Yoii= UHEWE FAstEt 4= U= HIEQ! syndiotactic X2 HEIL|ACHE HE2S 4ot

A AARICH101].

KSR 22AL| a2 & = HHE 4~ Qb= 0|20 2= 0] AT =2 A+ Z2ut

N
El
=
5
=
>
§
[
%
m
=2
Q
&
Q
3}
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5
N

SH2 tacticity 0|22 FIEE %= GiCt SHEEtE,
7

Tta=d] atactic HEHZ 2 M7= 0| OtL|=f, HEe 22

Randomly crosslinked structures due to entanglements in polymer (Left) and schematic
illustration of the polymerization of a TMCP (Two—-Monomer-Connected Precursor)
(Right)[101].

:
J Monomer Connector
B NN l inkir FPolymer

SpmEg Polymerization o backbon
1,4-dibromobutane —~ i

Efzg §
ygN

Due to entanglements in polymers amorphous Two s prevent which

regions (r y cr str ) exist. Yy, \_ occur when a single monomer is polymerized. J

-
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.E' Characterization of the molecular crystal structures of P(Py:EDSA:Py). HRTEM (High—
resolution transmission electron microscope) and processed FFT (fast Fourier transform)
images of P(Py:EDSA:Py) measured along different zone axes. Scale bar, 1 nm. XRD
(x-ray diffraction) and a reduced-sphere unit cell of P(Py:EDSA:Py), illustrating the HCP

(hexagonal close—packed) crystal structure[101].
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m Characterization of the molecular crystal structures of P(Py:BPDSA:Py). HRTEM and
processed FFT (fast Fourier transform) images of P(Py:BPDSA:Py) measured along
different zone axes. Scale bar, 1 nm. XRD (X-ray diffraction) and a reduced-sphere unit
cell of P(Py:BPDSA:Py), illustrating the FCC (face—centered cubic) crystal structure[101].

Processed FFT

Face—centered cubic

5

z [001)

XRD

Irtensty (au)

Lattice parameter a: 1.48 nm

Lattice parameter 2r. 1.05 nm

4.2 .2, Self-Emulsion Polymerization (SEP)22| &%

ALY =25 SSEAC| AV | 225 H Di0|ES HIXO Lidet 25 dde + AL
2 e A 2 MAls EY =5 SSEHE OfLet SRIitY 2= IEM22H A7 |=50]

N
Jtsottt= As 261, O L0 H YEIolY HEME See M 010122 3712 FulotA Mo
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« AXIINA 22 ZEEH| X17|1=2(Amphiphilic block copolymer self-assembly)
HHEAH|(Surfactanty= LAIOIM AFRSH= HIS2 92| 2K QT RiADE A
o)

+do| HEE g2 W20 242 M= 20|= g20| JANM, = S04 00|25 HIZet Chfet #=

=
PIxEE tad 31[102]. 2XEe 2 et Y 25 SSEH JA St &

o] X

2|2 Ap7| Z@ot0f DIOJ&S HIRet thygt UeD|H 20| X7 |28 F25 FdIti103]. 01
Tolote SSYMQ BATE RS 3F9| I 1904 MHSIRCE 0|5 HA| LNl REtA|
O Xp7| i1t OFEVIX|2 OO SHERIIX| THfet APV |AE FAS dde = UAT(IE 32)
[103].

m Schematic diagram for self-assembly of surfactant[102].

Hydwphii: Hydlnphchbc ' .
Su rfacum Molecule

Surfctant Lamellas phase Rod shaped micelle

*00m

Reverse micelle Spherical micelle Bicontinwous structun

m Scheme diagram for phase separation of block copolymers depending on block ratio[103].

A-A-A-A-A-A-A-A-A-B-B-B-B-B-B-B-B-B-B

C————m Increasing Block A Portion ey

(e
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YOI Rt 259 SSEMUM = LEHX| p=, 228t E2|0|AA0H0|ES &wet &7

iy S5 SSYHZRH A2 5 A= XM B eftiet #1258 BE0HEMLEX], A 22

HEHE 2047 | ottt ot A7 |28 221 M0{ot0 L 2IARS| £0] HIO L= hollow micelle

AR ATUE E5 IS AV ZHO2RH LIS AV |2Y &S A6t 21, I3

T T=SEAO
M= X7 |IZE0| 7EsE A2 7ot (ad 33)[104]. & XMAk= HA Poly(2-(4-vinylphenyl)
pyridine) (PVPPy)2t 22 2Ty 1EAE ottt 11 LTy H=ESEHE tidet pH =

0 CHSE 9| ALLH|(Vesicle)S &ASIACHIE 34)[104].

o
p 20| At #IH TIF2 ArgS HEHHLL Z440] FedS 7K HER| 222t

m (a) Model for vesicle formation from lipids and (b) model for vesicle formation from
an amphiphilic homopolymer, Poly(2-(4-vinylphenyl)pyridine) (PVPPy), in which the
amphiphilic head groups are collectively attached to a flexible hydrophobic coil[104].

(a) Solvent
e
Lipid
(b) Lipid Vesicles
Bilayer
Hydmphoblc coil Membvane L |
sulvenl 3 +i - -}:
j ' e
Amphlphlllc HV"'""“"'“ =
Homopolymer g
Homopolymer
Vesicles

.m Model for poly(2-(4-vinylphenyl) pyridine) (PVPPy) vesicles formation and the influence
of solvent composition and pH on the vesicle membrane[104].

0"130'
3200m reites

{1 1 (with I,stal nlnq) g g
g THFfwater ro¢ ;...
% ‘BT u;_;n

gz

L3
Acid -Dm HCl %::: :%
Base =0.01 KOH
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o

« ARI0fAM SHEER|(Amphiphilic monomer)e| &S @lst £HOZ M 9| Self-Emulsion
Polymerization (SEP)
2 MA= 2l o2k 4-H| 2022 (4-vinylpyridine, 4VP)S Zl2=A JHAIXIt SHH SO

So1s I MRS AP |EY 7SS AU 0M 33t T BEOIM L2iE 1219 0j217|= 24
A

ro!

J, FALS FAOHE BDTIs A4402 DHGIALE 0] LS SO Falot 0 ta
[e]

gy YU HEMY DEA L UAPHYEED. 0| AS2 dEXez HiEUH EIY
=5 SSTAH L= AT BE I2AQ AV|2E /(2 00|12 4 HAHUSI I FARGHH. Of

o
= PN, ABEER, LEA FoHE o AASotA| Bk, 4VP HER Q| B SEUCE L

UXE Fot= A0| 7kste 2HECHIE 35)[105].

.E' Schematic illustration of the formation of homopolymer nanoparticle of amphiphilic
monomer, 4-vinylpyridine (4VP) via Self-Emulsion Polymerization (SEP)[105].

R e Ra,
ot Zisod 9 3 K >
e u-:; 5 g% % ‘i@ (3
n| | ~vaoas, R
N H;0,2 min Aggregation of Polymer Nanoparticle

Oligomeric
Free Chains Oligomers Stage1 Stage2 Stage3
Hydrcpnobtc
Hydrophilic j
« = radical mm initiator

Vj

(5 min) (20 min) (60 min)

+ = radical from initiator

Zeot LI=0|E 52| 0[0|XIZ Salf 7IAXHR! SHE AE MSot0], YTy HEA S S& 0]

IO

M Ap7|Z28 HHUSS Olotishs Ol =52 FAUCHAE 36)[105]. EH22 REofil 2F 7Hset

HEAHE DEA U A i SHE AV IRSFESR(SEP)0I2H S,
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m TEM (Transmission electron microscope) micrographs showing the formation of
polymeric nanoparticles at various time intervals: (a) 2, (b) 5, (c) 20, and (d) 60 min.
(e, f) SEM (scanning electron microscopy) micrographs of the polymeric nanoparticles
from the same sample at 60 min using different scale bars of 5 um and 500 nm,
respectively[105].

= KNAts B HOPE AP |Relseel 2 d8 vl Lie YA M =4 L 37| At

[e]

t 33
process, VSP)E Salf 244N 7XH|S MZGIQCt 2 UXSE2 FAXOZ MAZ|(| YAt #Hi=
(Photonic Bandgap, PB)& Yd5IRALt. 0] 2= WRE HEEAZIOE LAt I

(Photoluminescence) AHEZS HSIA|7 E 22 SHANA|Z| D, BER|Z(Full width at half
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2 M0 SEE HIE2 Rz, A IS 3AtE 428 202 oA H2EATI0E Ll
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uj

LR YXE AIRSS(SEP)ILE st &, E7|EAEUSH(Vapor-assisted solution

maximum, FWHM)E Z4A17, 248 A% S48 STAZIE &S EATHIF 37)[106].
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o

.E' (a) Schematic illustration and photographs demonstrating the fabrication processes
of PbBr, NP (nanoparticles)-embedded 3D (dimension) PCs (photonic crystals). (b)
Reflectance of spin—coated PbBr, NP-embedded 3D PCs. The SEM (scanning electron
microscopy) images and the reflective color (inset) of spin—coated (c) 300, M4V~
1, (d) 315, M4V-2, (e) 352, M4V-3, (f) 340, M4V-4, (g) 367, M4V-5, (h) 378, M4V~
6, (i) 395, M4V-7, (j) 403, M4V-8 (k) 454, M4V-9 and () 467 M4V-10. The particle
diameter of each sample measured by DLS (dynamic light scattering) (scale is nm),
respectively[106].

—=— M4V-1
—— M4V-2
M4V-3
M4v-4
—+— M4V-5
M4V-6
M4v-7
—— M4V-8
—— M4V-9

Reflectance (a.u.)

4.2.3. 25 SFEN2 Tt5d AxH=0|
E2{0|AA[OfHI0|ES] Eg0l= Z2let 2 d= OtL=f, g 2dffol= 5401 UM 7N 2

2|0|AA0FH|0E ] Eafld g A2 0| 2HHE MAStIAL Bttt Tt XIZ 77K

o
o
_C)'ﬂ
=
n
+> of

= MAZE AL FEME TEd A% HFE AVHGHEM, Z2(0|AAO0H0|E Zat0f 2fet

L34 72 75 AT 44)[107]. Cidet b3y AMo2 2 7H58S MAISIIA

2

=B

o MEHH Jhaot ESHE St TS HE M=
I_.

]
o
gjo
o
ro
o
ok
no
ofm
_Qé
(i
d

2 MAts (@-HIEH DO HE-2-T2ZA|AZH(1)} 0|AZHO

(@)
@£
o
.>-| ﬂ||II

IFUAS BOINC, ekt BECRLE TIBY 242 HESIICHIY 381
5

2|2 stte] EHRIS TtuA7|A, &

o
g
0x
[m]
16
m
0x
I
1z
rlo
S
I
2
o
om b

off ~eUotRACt. It 20| 25 SSEHUINM L= BEL

70



Al NCH, LEASS A1) 34 £0F 2R et

219| 7|5 =2 SEM HE 21 27 nmZ HEERUCH, 0|z Z2(0[A08 =019 F0[ 31 nmE

Cf X2 ZOIC O] KI0Ji= OATIRN0] SHHEIT 713 0o U HOt 7| TR0l B25] 0f5 7ks
3 BQI0ICk M2EM THBY BEIRI0) 0N XS HOfE SSEAC| 25 Z0lo) oo U 4
QUS0| SHOIEIICL HBQI0| HO BEHI Ua EHEE Lo] 5B 0210 Hso! Ao

2R IOl ET TES S| IR0 LEILES ZRICHIE 39)[103,108].

Schematic diagram for preparation of porous membrane[103,108].

Polystyrene Casting Crosslinking Etching
derivative 1

=)

Polyisoprene

.m Electron micrographs of the thin film of block copolymer cast from MIBK (methyl
isobutyl ketone) observed by TEM (transmission electron microscope) (a) and the
surface (b) and the cross section (c) of the ozone—-treated and rinsed film Observed by
SEM (scanning electron microscopy)[103,108].

TEM of the thin film
casted from MIBK

SEM of the surface SEM of the cross section

* Breath figure XI7|X& 7|9t 34 HEQI M=

2 A= E2/2 E8 204 RHU|M B2|AEH-p-22|(2-H|LI|2|H)(PS-p-P2VP) £2
SIS 2SW H2I50, L 37|20 52 BRE 2= RF4E(W/0) 0ZH Q= 0|4S HE
Lt 7139 o) 2N P2VP

=25
710l FHAEet 2, 7| et 25 SHAA USACH. O LHOpt 2 HES 7|82z g L &
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A2 HAE P2VP EHQIS H= U S5y SEHIE MAUL 2 S0l HEE e Ed 2

o
52 F7I= Z0E 28T HESY 87|29 &0| 7|ETHIF 40)[109].

.m TEM (Transmission electron microscopy) image of an Au/nanoporous blockcopolymer
film: (a) 3 Days after reduction (inset: SEM (scanning electron microscopy) image at
45°-tilted angle) and (b) 2 months after reduction. (c) SEM image at 45°-tilted angle of
the open nanoporous block copolymer film after casting the polymeric solution on sub
strates followed by evaporating toluene and H20[109].

XX &= £F9| POSS (Polyhedral oligomeric silsesquioxane) & Qs HE H2{A|
B2 ZEEHI(POSS-bottle brush block copolymer, POSSBBCP)

breath—figure (BF) A7 |28 & 3Lt 1A= P1- E= P2-b-

I

:_Q Il
=
UU
9
o
N
<
=
10
1
i
=2

M POSS 2ff 252 52 2282 552 %0A 505H%=E S7MA7 HH| HetS H|woUCt. of
o HIZIE7| POSS HIHE = 2%} 00|l £7] POSS HMIHEES 2{2F Zatshn QACKHTE 41). 0]
POSSBBCPE P70l Mol ZM U= 713 HiEE A LEA HES HIESIAUHI
2 42)[110].

SEfSHY 24 A}, 3t O3 WE2 55| 50 wi% POSS &% 258 Z&chke 24t 0t
T A&7|=2t POSSBBCPOIM §8H22 HE 4 AU 0] LEA=E 77| 841t 2LS0] 242
HH0M =Y== 2o ESoIRA=HI, Ol= 241 00|77 |2t =2 2AF 12| Zet Tst2{0] EH &
EHOIM POSS 7|2t 250 ofet 2Y=2| YastE FLI5H/| 20|t Of={gh && ZutE Hige=

BF AZIZEUAM 2U=S FHe=2 S
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HAZHEQEE MAIBIACH110].
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m Sequential ROMP (Ring-Opening Metathesis Polymerization) of norbornenyl-
substituted POSS (polyhedral oligomeric silsesquioxane, MA: M1 or M2) and
w-norbornenyl-end macromonomer (MB: NBPBzMA)[110].

M1 or M2 (M) P1-b-P(NB-g-BzMA) or
P2-b-P(NB-g-BzMA)

m SEM (Scanning electron microscope) micrographs of porous films of various P2-b-
P(NB-g-BzMA)s (POSSBBCP) through breath-figure (BF) self-assembly[110].

(a) 2-05

(b) 2-11 (c) 2-20 (d) 2-50

« 22 ZZ$H| HIZH|0|ER Si0, CFHRA AKX M=
2 XIS S0, S APISHE B2|AE[E-b-Z2|(2-H|Lj2/E)(Q-PS-b-P2VP)O2 7Y

H F7-77| SgHHZRH F7] =HelE 2l-HHot SiO, HEHESY =22 M=ot A8
& Z2AER-p-22|2-H L2 H)(PS-b-P2VP) SEEAIE 2Y 2012 SYL=Z o,

P2VP 22 LI QX HERIAZ S| Astg 5kt | Qo 4712 Quaternization)SHALCH I2I0|A
HOI%, 7(?)) E= 2tH2KOI) 7AE 7HK= Q-PS-Hb-P2VP £5 SEEXQ 47t3tE P2VP
Coelo] MEtXMO= SiO, Z0| EUSAL. 017 A= 718 X 2ol o= Soff MAZAC
=5 SSEA SO/t EE UHr=giHe| 422 712= TEMOZ HEERILL 5 SSEAIL
=5 HIZ0] M2t KMo HACHES HE 3 7271 A0A L, 01 SEM 242 Soff 2tEe
CHE 43)[111].
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.Em Preparation of SiO, mesoporous materials from quaternized poly(styrene-b-2-
vinylpyridine (Q-PS-b-P2VP) (spherical (upper line) and lamella (below line) phase
structures) as template, (a, d) TEM (Transmission Electron Microscopy) for phase-
separated Q-PS-b-P2VP, (b, e) TEM for SiO, embedded Q-PS-b-P2VP, and (c, f) SiO,
mesoporous materials[111].

Q71 HES A25/0] HZI5IR, 27 718t0) L3N XS HWOP FOfE 4 QICh O Lioph, 2
TETHO| 422 IO 010 22| U B HH0| ZBGHH TR HEHO| THZA J7HS N
4+ .

|0II

« E2|0|2AOIH|0[EE &E3 TS A4 A4 Y
= MA= 25 ST HEE Zoi0f ofoi 112AF M= 0| 3R #28 Mo 4~ UL 2

T =23 0o

k=

1I5IACH103,108]. Z2(0|AAOHHI0|EZE | Zali=l= Of0I0|= FARSS 7HKIL UCk= S
=of

t

g I, X 20N =2 2odS 7HE A2 = Oy E. Green S2 Z2(0[AAI0FH0|E2]

ol
8

0Ol ksl 2 10gH=0|, poly(isocyanato-n—butyric acid)Zt pH 7.0-9.50A 2sliEe= s &HE
CH82].
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2 XX= poly(n—hexyl isocyanate-b-2-vinylpyridine) (PHIC-b-P2VP)0IA Z2|3A0]A
A|OtH|0|E SE9| MEiX 2 EISIACHTY 44)[107]. G714 =2 (pH=10)0A PHIC-b-
P2VPe| AL L PHIC 852 MEXC= Foll=l= UH, H0t U= P2VPE AX A2 RA[OIRA

C}. 012t 20| 2R2XE gt F Sc(0|2AOHH0|E EH IS MO 2 Zoliott] A5 LHEO|

2712 2= M2 HEfo] ATAE RIS ZE0| QICh Z2/0|AAOM0IES| aHAS Tai5H0],
UM HAIBE CHEA AX| HIZ K2te MRBICIT CHst S| ChEN AXj2o| HZ0| 15 210

2 7|oHict

Formation of solid micelles and vesicles from poly(n—hexyl isocyanate-b-2-
vinylpyridine) block copolymer and degradation of PHIC from vesicles. (Left) TEM
(Transmission electron microscope) of vesicles after degradation of PHIC at pH=10
(THF/water, 6/4 v/v), (Up-right) and corresponding AFM (atomic force microscope) of
vesicles after PHIC degradation. (Down-right)[107].

THF/water
- TMI’ THFrates
PHIC-b-P2VP,;, (9515, viv) (60740, viv)

Solid micelles

Interd rgiumd
Vesicles architecture

HEH
8| %
| B
HE

Degradation of PHIC
b A
pHz8

Homopolymer
vesicles

0I5 =5 SSEA= S2(0|AA0fH[0[ES| ofpt OD0|E FARSOUIA MEN Zoli/t 75012
=, Z2|0|2A[OfH|0|EZ} Aot £85 7HA[AL JUSUE =+16td, 2|1 SFo| HE2 4+ AU
Tt Y2HECt. Z2{0|AA0FH0[E2] HEO|E FAL S80I 2alids YAl 2010 S8 + A
Nt ZYAEA Doz & UL E2{0|AAOHH0IES] Zailg Ae JIsdd e 2Et
AEO] AFUM EeS 70 SoHO0F SHtt. HAF Z2|0|AA0IH0IES
AL IS S Fulok| M0t Lot Z2|0|AAOIH0|ES BFERILH, TiESd a2 72K HEY
Lt LHE St =7 MO0l UM, XISTHX| BESIA| Zet M22 +25 ¢0| 2 =940 EXN

2 0L
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m Reversible transition of conformation and packing order of polyhexylisocyanate in thin
film by selective solvent annealing: (a) Hexagonal close packing structure of helices by
CS, annealing, and (b) lamellar structure of sheets by toluene annealing[112].
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m Prediction of the interaction between peptide—mimicking polyisocyanate and the
bacterial membrane. (a) Amphiphilic multiblock polyisocyanate. (b) Amphiphilic
alternating polyisocyanate. (c) Bacteria. (d) Interaction between amphiphilic multiblock
polyisocyanate and the bacterial membrane. (e) Interaction between amphiphilic
alternating polyisocyanate and the bacterial membrane[98].
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4.4, LMY MY DEX}, Z2[HEl0|=0| 28
LM MM 02X S| HE0|E2| Q1B SHd2 2 =]

(SPPS)Q| Atsat Ut B W2 SHIE(RACE = =4 7 0]42] O[O 2 0|20 &

Tot HIEE HlwX 98X0= FHgg 4 QUCE ofX|2F 0%

A0] ZLetE AR0= 7= HEO0| MEL. 0|0, N-7I2SAIR2(NCA) 712 SEE0| HE0|=

a2 DEA HEHZ YA £ U= G250 OO = MA| 28 M= 70| 28510 Ut

[13].

" 472 N-7I2EA24=(Amino acid N-carboxyanhydride, NCA) THZH|Q! cysteine

—

NCA(CysNCA)2t 1v-(2-(2-(2-methoxyethoxy)ethoxy)ethyl L-glutamate NCA (EGg—
GIUNCA)E HIEOI(BnNH,)2t 4-(dimethylamino)pyridine (DMAP)O| 25 2=5104
Heja E22HE0|E X8 EOEL 0] BIE0ME AIAHIQIS| EIZ7|(-SH)7t 7HX| Y401 £H0{aH

|I°|'
0x
ro

E|Q0|AHZ Z&H(Thioester linkage)S BFELH. 0] A8 HESH0| &0t 315Hd HHO|Lt 7|57
T S 242 2SS Solf byt MY U2A A ZEE + U Ol= 7Isd Y=g

=]
HMAE D2A| 2 Mits HE2lol, BIO|AX 2| S& 7hsdS AT 114].

.Em Copolymerization of cysteine N-carboxyanhydride (CysNCA) and
7-(2-(2-(2-methoxyethoxy)ethoxy)ethyl L-glutamate NCA (EG3-GIuNCA), EG3-
GIuNCA initiated by benzylamine (BnNH,)/4~-(dimethylamino)pyridine (DMAP), forming
a hyperbranched polypeptide P(EG;-Glu)-branch-PCys through thioester linkages that
can undergo cleavage via native chemical ligation or thiol-ester exchange[114].

o BnHN X\n/\ﬁ *'
BnNH,, DMAP, DMF, rt, 16 h *o y &
HS o
HN% o ) COR -
o R = Bn (3a) o \|
RO 0 R=EG, (3K) HN,/ CO

CysNCA (3r) HN '

[e]
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OFZOILt it HEA S= MI 2 RPtoh= B2 80 Ol= & X=X, K84 X=X 0
Off SHMAMO|CE 22| TS 215 AIMEE(Scaffold) AXH, MAAR S T2AL LA} 7|

5
S25C} E5| 22|02 AZ2IZ(Poly(ethylene glycol), PEG) St TElot0] OFEMnt £2M8 =
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&2 G0iM, OIX|9| aletE &Y 428 AAR A2 - 4Edte EMA(Self-driving) 3tet &

NSt Mg St X

driving chemistry) HA29| =2t& EOELL 0 A= [Al x 2EEHA x 5151 80| AF 159
oop —

i
H
|0
I-HJ
kOI-

e deol SUHOIHE, U A= HYX Ate M (Self-

= tdE OEA B 7H=XIE S45M2=2 HOFH, Human-in-the-

=S He!

g1l
=
=
0
I
O
iml

Experimentation — Self-driving DiscoveryZ O|0{X|= Xt& 1}&te| Xig}

[125].

oy

Schwaller S2 35t B2 Z7HChemical reaction space)= EMotll, MZ2 B8S 2746t
1 ZXslot= O UM 71H Xls(Machine intelligence)S HEH| 22EX| Ma|otRiCt. FAKHC
2, A0 Bt 0|=(Forward reaction prediction), &M (Retrosynthesis), Bt X35} S0 A

A, 2 2xt F2 L US 27 S HOIE 7|8 VeSS dHEUH. 71A X
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HEe WY BARLS A 28 202 2get &V1H Ald|2 EIHEC [126].

1o
02
J
0

Cronin®t SSAUTAtE 7t 2tef g2 AtSatet Atsels SHE =Rete! SAUE WS o
ColRHTt. 20210 o gy HEtS Sitel Z2T0H0| Vst 7|IAZ SEole g2 E0HF
& o= QU 5H04, =kst Ao i

E
AT BB NS 0l ZAS ORICE 202201 0] HHS 0154 25 SO ST
o
=

o
Q
41
m
rlo
R
Hu
o
i
oo
>
oM
HU
o
n=
el

e L 7IA0AM £

e

SOLE, R 7hset 2R0| AAR A A2S MR BfdE 8T + URSE
X

S50, M3 S 28KHCH127,128). 2024K0)= 2EBIE A3l0| MELS
S9517| QI3 ¥ Blst TR Y 1012 HQKHCE Ol O XU THE 22 BHE F0IA
M3 BRG] CI2 H7A, (2 SUROIMT SUSH MBS Y= 7ksopi| BHEQICHs ojot
QUCH 22 o XM HIE{KSel-optimizing) 715 S X S8 B4 ARG THYEH), O1F ZHUE

S
EE X0, H BiE He 0N BIOLE AAR StESH AXSIchE A8 3tet E3E(Self-
driving chemistry) Q2 ZISIZHCH129,130].

O[A2t Z0[ [Al x MAKY x 2] SE0i| CHSE MAKMR! ATE AJNSH A= SA0f Thoh Mte
CHAISIALE. Ol= 010] Atg & HAHIS E0iM Xka B TAIZIK] EZotl UTH= A0ICH Ot
A7 IS 7|80z ot MAXY, £3| R7/(, F71 &y, J2|1 DFAt g, HMIZ0i 0|27 | 71X

HEE Al LHO XIZ7EX|] ZHE FOE = A7 ZUE AN LIR7|S 7|DHSHTt

G LIOP7 0| SX = S2HE0|E gfdat 712 0= HI0IHE &&5otl, 2 MAZH60H 042

=2 =20
=22 ARSI =Xt LM Z2]|0[AA0H|0|EL| Domain KnowledgeZE &350, LMY 11
Xt & UM &2 HRAQ [Al x 22|0|AA|OIH|0|E] 8810 =167 |S Hi2tC £5| 12Xt &

L=
o, E= g

o, &Y, 2olld LEA0)| ol SE Stok= LSfAfOl|A| M|kttt

Aol SYPAlE =710 EI9F HAELE J0E FRO0IM= MAKQI A SEE FAISHOF
SICH= 2[0[O|Ct. 22 AT Mool US| AXZFUM & 4= UXO0], A=ZF2] HMKHOIA 7 40]
HMRUO| X =7} 2| AT E E0|7| ?lol YR MY Sehs HEGHOF ettt THlis| eh=2 AlA b
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5. Al AJCH, LSS A R0 CHE 2 R

=0 S0 == M271&0| ottt 0f2et YHS A2 dratet g} HHE MEYS &

Of oitt. T2 2F OtL|=h MM &0l 2| HEHO0F Tt Sof Al AITH0l| et &&20A Al A
3t Z=01l 00, M| AlOf HE5H0 S M= d=5 Al £= H ZTAFHOF 02 4~ UL

AIOf THRE 22 JI2RE| T QURITE CH7 |9 Al HE ADEMER| Met & Al 2% diX| SO H

ofl, SA7|Y0| J&2 ==X G, S| LA/t UNE D MO ZHSA| =0 Tepa] A0

EMED| M2 F47|Y0| TS HAGICE X=X AIZ H257| o 32 AFI0] UCHD SHEj2t= 2

B QN HZOR AR S 4 GICF. 0 RS T25{01, 3P, AT} Al QIKfet B0| &
OfFt MRS EOAFE B AIAH 50| HOGICIT & 4 Tk
A DEXIE HIROI0] A BY0IME XS ME0| 647 £7| B2 Feo| HF X20| TR

fe] 2|5 A7H0F o

=
Ch. ot Ut AMEHO| Gl= SA7|-0| J&it 20|, =ot A F0i|A LoH0F Sh= A XM= 2050

P
mjo
oe
o
ro
o
=]
o
|'0|I
rwl'
mlo
oI-
N
1o
St
1=
>
Pal
Mo
é
B
)II“
u&'
k=]

OAFTF 240], X} BH4 RO Al 7122 012 SEISITL URAIZ ZOI710f Chol DRI
Ch. HIZ 2R A0 MQa1st 7|8t RO AN

20| MA ot =22 ¥ & AR ZHE 7IS=H M=E LoteE 7|tz K|

b
>
Iz
z [I9

S MEOF A7 |1 X|Z5A|740F SICH S 22 35K Autonomous chemist)= B 18IS Z! 8HA
250 Xt2 M&l(Autonomous experimentation) S0 HE2] UOLt, 0]0] Xk2 EA4(Self-
driving discovery) HAZ2| Met0] RIfE 1T AUSS QIAIGHOF SHCt.

UEXeE FAFeH LI IEA g dE0AE Olefet 550] it A0|H. 7k2 Dlftl= H

o

= AEAF Y, Lo AR
7

&St AESst &S 0, AV AAR HAHS A M- X35H= Atg HAY D2t 2 Al
(Autonomous synthesis-intelligence)S HAA, H £ ECHE 44 Q15 X|s(Artificial Super—
Intelligence(ASI)) A|CH7} E2{&EX| ZE2Ct,
= M2 Al A Al =718 U6t YMS= ZO|Ch HJ0|E e st 2 20F M2
7t2] Domain Knowledge”t A QU0{0F St} HEOAl= E3

OlHZ Ololiot= M2/t §l0l= ASIHA| I=Fot7| &Lt Al A|CHOll= 2712t Al 40| Z20] 7t0F

| MO 1S YIS 4 UKL,

oI}, IV vt E12 R HE A0|7| L0,
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GREAT SCHOLAR CAREER DECISIONS

==0HA| ot {HAZ 0l XoRACt. T12fLt OS2t A

=
=
= Mz A 124 Ed, 24 28 dEe=z 3012

11, Cjyet S22 S8 dgoMil =L A7 7|22 R0 A0A Hefet 20FE WA 4~
[oZ]

8 %
B 5 AIUE ETE 2 J7H 0t QUL 0 71Siof Tt B0 Chet

TR 2HS HF0 AMGIN ZES WFACH131-134]. D22 YEE AL | fioiM= &
CHet M=22|9] ZRE7H 20 AMC2ZEH AM9 295 = 729 IS A = U0
= 7

=
OF SHA| 47717 “AMtoiEY Of2et #1229 T2NE EdotH

St , SO St= UEAP gidE A0|
CF2tn L3010 siCt. skt 28 84(Combinatorial synthes,ls)% Soff Ljet 2R +~E ¢
JohEALE MIOHE 122 B, 282 05, 7|1 Che SH2Q| shaMo= AMREY XF gd7HX|

[=]
THSSH IR AIZE SIS A7l QIR Q& AP DEA} SIS st SRl 23S o

7FAIZtoliE Z0|2t Bt

OII

0|2 LKA AIE ZE5t AHs3HAutomation)S A A& A&l(Autonomous experimentation)
AICHZE 2 ZO0|Ct. 2Lt Al AlCi0l= A= BHEGHK| e A0|0, BIEA| Gt Z0F0jA Ytt
Ste artificial general intelligence (AGI) LtEtE Z40|Ct. O 2HFHOIME E4= 202 Domain

KnowledgeZ} QIZt0| Fi|E 2X[550], K77t |= 21Ztel =5¢et Z2F¥H0| Xt

ol

artificial super—intelligence (ASI)O| CHEE|7| F77EX| Zf0|Ct,

kA Q17ke] A H X|Hi2 Bt 20| Domain KnowledgeE &0t E=0HH| EH6H=Lf
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7t E47t # A0|L}. 2= H|0|E|E L0t 2tE6tLf, 11 S0AME YE9| H|O0|EE 2fE2010{0F of
Ct. O LIOP} HIO[H 2| HA|GH= 2t #Het 18 E AX0F SHk(Data collection, Preprocessing,
& Transformation). 017[0flA G|O|E{= AALIFSIOA RI01RI 4=P12 HO|EQ} HR0IM LTl 7|
sfst BIE, SEQl A3 2 (USR5, ¥H, 2 HEA £E82%, Sequencing control) £ 0fL2t,
M= A, =24, 24 Zut ZetE0{0F STt

| 2 20fME I3t 28 &4(Combinatorial
synthesis)Zt AlLtaEstof Of5t HIO|HE E8Y ~ UMM, 22 Xg 22 SSfAT} EfOIHTH124].

el A 2AEE He AEA G0 oMz AlLtetetol A BZ20] 0 ¢ MEAS] BI0/HEH

i
L QI8 HIS, 27|12

le}
o

o
= HE = olb. USYEQ X209 S22 20N 3012 SEE F7I12t SE ASUE oY
OlM, & 289l TS 2ol AIACHOY L 12Xt g9 Ata Aelo| IS MRttt

ZC|HE0|E9| S0 f2| M| HESet x| TZX0|0{M & OfL|2t, IS0 SAME0] U=
20l Chiet B2 HI0IE7t Al AlTHe| S8t XHt0|C, S2IHEI0|ES] Q2 Q24 Merrifield
7t HMS SMEIAUT[11]. 2024H0E L HAS SAISH Baker7t AASISHY BI#S Sof Aol
Ol EXHotX| Bh= HEiEE AA UEs 71&2 INLSIRALE. ESt Hassabis?t Jumpers Q18X
S(A) 7Ee 8ol Aol ofn|it HIY2 R E Xt 1AE H5| 05dte 71&S 7Lt
[121]. HLAHS|0M = SFsHEEstolA 24 E7H Z2|X| LUH IHIE siast A= HIIRHCE

LIS D=1 Z2|0|AA0HH0|E= =50t YA 728 X|H I=At=Z, g0 &X| %0t 1
SLE Al 7[819] Rig A AAEIS oI M2R 124 2 J=8 Hots &

M
0]0f LS 21 E|HE|= SFg0l| CHoll ZXE YTt CIO|EH|0|AS 2EY 4~ V| HE

H o 1= O [y —= = S [
Oltt. J&0|= =+tolal 241 HO[H7} BO| 2511 Saiot HO[HTIS MEiot HO| H0[HE
2f2ot £0FE Domain KnowledgeZ &got= 20| Al SR0IA] HIFAGIH L &f 4= QUCY. Mt

HX 279t 2|9 Domain Knowledge 2 Z2|0|AA|OHH|0|EZ SHPHEIK [Al x Z2|0|AA[0HH[O]

= M= Z2[HEOI= g LIOIE S4S HIE2=, dA| 1EARL FARRH LIIY Z2(0]

Lo

AA|OHH|O|ES SHl(Antifreeze), Sh(Antimicrobial), 254 AXZO| 22 7tsMS HIAIGISIC

1o | ?loik= Tt Atset HAIE g0, AVE AT dals Aokl s & Us e

=)
i
>
rol
Ol

AE SISt S8ot0{0F BTt & XAPE XS H2tst Double Covalent Chiral Domino (DCCD)

St ALE A7t &5, Two-Monomer-Connected Precursor (TMCP) 7HE2 &2t 24t

101



(o))
]
ru

fe}
2
(=]

&9 AHE MUHE STt YA MO BFE A7t 2bdoll =22t Mottt Ot2e Self-

T
Emulsion Polymerization (SEP) 7|8 SAl, MIE Alet E7H HE 12Xt MA| ¢

L. FFHo=E= QI7te| HX gl0| A7} AAZ St&ot Hot= AGIE 20|, &tHst Ak2 Mg

XI=l A O)
o= T

Ho
i
b4

KIS(ASI) AlTHOIl, e 20l RE:F LAY, 2teixtel S5t SHE0M A&ck= HZZ0IAM SO

F

El
o
0x
all
rir
L
mjo
N
o
ron
o

L A REA A

102






b

k2]

—

- OIZf A, Lhol =it 151, 12|31 K|HALE] SAL Vol. 030. 2024: GIST Press.
. Szwarc, M., Nature, 1956. 178: 1168-1169.

. Kishimoto, Y., et al. Macromolecules, 1989. 22: 3877-3882.

. Wang, J.-S., et al. J. Am. Chem. Soc., 1995. 117: 5614-5615.

. Kato, M., et al. Macromolecules, 1995. 28: 1721-1723.

. Yamago, S., et al. J. Am. Chem. Soc., 2002. 124: 13666-13667.

. Chiefari, J., et al. Macromolecules, 1998. 31: 5559-5562.

. Yokozawa, T., et al. Chem. Rev., 2016. 116: 1950-1968.

. Ma, L., et al. Theranostics, 2020. 10: 1373-1390.

. Merrifield, R.B. J. Am. Chem. Soc., 1963. 85: 2149-2154.

. Merrifield, R.B. The Nobel Prize in Chemistry 1984 was awarded to Robert Bruce Merrifield “for
his development of methodology for chemical synthesis on a solid matrix". 1984; Available from:
https://www.nobelprize.org/prizes/chemistry/1984/summary/.

12. Merrifield, B., Biosci. Rep., 1985. 5: 353-376.

13. Deming, T.J., J. Am. Chem. Soc., 1998. 120: 4240-4241.

14. Shen, Y., et al. Chem. Soc. Rev, 2015. 44: 612-622.

15. Robertson, E.J., et al. Acc. Chem. Res., 2016. 49: 379-389.
16. Schumacher, T.N.M., et al. Science, 1996. 271: 1854-1857.
17. Zuckermann, R.N., et al. J. Am. Chem. Soc., 1992. 114: 10646-10647.
18. Meiller, T.F., et al. PLOS ONE, 2009. 4: 5039.

19. Zhang, D., et al. Angew. Chem. Int. Ed, 2020. 59: 9586-9593.
20. Zhou, X., et al. Angew. Chem. Int. Ed, 2020. 59: 15114-15118.
21. Yan, F., et al. Nat. Commun, 2018. 9: 2327.

22. Zhou, M., et al. Angew. Chem. Int. Ed, 2020. 59: 6412-6419.
23. Biggs, C.I., et al. Nat. Commun, 2017. 8: 1546.

24. Westwood, G., et al. Macromolecules, 2007. 40: 3960-3964.
25. Radvar, E., et al. Macromol. Biosci, 2018. 19: 1800221.

26. DeStefano, A.J., et al. JACS Au, 2021. 1: 15656-1570.

27. Maeda, K., et al. J. Am. Chem. Soc., 2018. 140: 3270-3276.
28. Okamoto, Y., et al. J. Am. Chem. Soc., 1979. 101: 4763-4765.
29. Shashoua, V.E., et al. J. Am. Chem. Soc., 1960. 82: 866-873.
30. Shashoua, V.E., J. Am. Chem. Soc., 1959. 81: 3156-3156.

31. Lee, J.S., et al. AIChE J, 1997. 43: 2827-2831.

32. Lee, J.S., et al. Macromolecules, 1999. 32: 2085-2087.

33. Chae, C.-G., et al. Living Anionic Polymerization of Isocyanates, in Anionic Polymerization:
Principles, Practice, Strength, Consequences and Applications, N. Hadjichristidis and A. Hirao,
Editors. 2015, Springer Japan: Tokyo. 339-386.

© 00 N O o B W N

—_
- O



34.
35.
36.
37.
38.
39.
40.
4.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.

Bak, I.G., et al. Macromolecules, 2022. 55: 1923-1945.

Iwakura, Y., et al. J. Polym. Sci. Part A: Polym. Chem, 1968. 6: 1087-1098.
Shapoval, G.S., et al. Russ. Chem. Rev, 1973. 42: 370-383.

Maeda, K., et al. Polym. J., 1997. 29: 333-338.

Wang, J., et al. J. Polym. Sci. Part A: Polym. Chem, 1995. 33: 2901-2908.
Natta, G., et al. Die Makromolekulare Chemie, 1962. 56: 200-207.

Heo, C.H., et al. Polym. Chem., 2020. 11: 6073-6080.

Patten, T.E., et al. J. Am. Chem. Soc., 1991. 113: 5065-5066.

Ahn, J.H., et al. Polymer, 2003. 44: 3847-3854.

Shin, Y.D., et al. Macromolecules, 2001. 34: 2408-2410.

Ahn, J.-H., et al. J. Polym. Sci. Part A: Polym. Chem., 2004. 42: 933-940.
Zorba, G., et al. J. Polym. Sci. Part A: Polym. Chem., 2005. 43: 3533-3542.
Ahn, J.H., et al. J. Am. Chem. Soc., 2005. 127: 4132-4133.

Chae, C.G., et al. Macromolecules, 2018. 51: 10083-10094.

Min, J., et al. Macromolecules, 2011. 44: 3211-3216.

Min, J., et al. J. Polym. Sci. Part A: Polym. Chem, 2013. 51: 1742-1748.
Chae, C.G., et al. Macromolecules, 2018. 51: 6771-6781.

Chae, C.G., et al. Macromolecules, 2019. 52: 9354-9363.

Goodman, M., et al. Macromolecules, 1970. 3: 398-402.

Green, M.M., et al. J. Am. Chem. Soc., 1988. 110: 4063-4065.

Maeda, K., et al. Macromolecules, 1998. 31: 5164-5166.

Mdller, M., et al. Macromolecules, 1994. 27: 4404-4406.

Shin, Y.D., et al. Mol. Cryst. Lig. Cryst., 2000. 394: 9-14.

Okamoto, Y., et al. J. Polym. Sci. , Part A: Polym. Chem, 1994. 30: 309-315.
Patten, T.E., et al. J. Am. Chem. Soc., 1996. 118: 1906-1916.

Nath, G.Y., et al. Macromolecules, 2006. 39: 5965-5966.

Ousaka, N., et al. J. Am. Chem. Soc., 2006. 128: 14736-14737.

Shah, P.N., et al. Chem. Commun., 2012. 48: 826-828.

Green, M.M., et al. J. Am. Chem. Soc., 1993. 115: 4941-4942.

Maeda, K., et al. Macromolecules, 1998. 31: 5924-5926.

Sakai, R., et al. Macromolecules, 2004. 37: 3996-4003.

Green, M.M., et al. J. Am. Chem. Soc., 1989. 111: 6452-6454.

Green, M.M., et al. J. Am. Chem. Soc., 1995. 117: 4181-4182.

Shah, P.N., et al. Macromolecules, 2011. 44: 7917-7925.

Maeda, K., et al. Chem. Commun., 2012. 18: 3342-3344.

Shah, P.N., et al. Macromolecules, 2014. 47: 2796-2802.

Shin, Y.D., et al. J. Polym. Sci. Part A: Polym. Chem., 2004. 43: 607-615.
Kim, J.H., et al. J. Am. Chem. Soc., 2007. 129: 7756-7757.

Rahman, M.S., et al. Macromolecules, 2007. 40: 9279-9283.



73
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
),
96.
97.
98.
99.

100.
101.
102.
103.
104.
106.
106.
107.
108.
109.

110

Chen, J.T., et al. Macromolecules, 1995. 28: 1688-1697.

Wau, J., et al. Macromolecules, 2001. 34: 1828-1836.

Bilalis, P., et al. J. Polym. Sci. Part A: Polym. Chem., 2006. 44: 5719-5728.
Kim, J.H., et al. Macromolecules, 2008. 41: 3181-3189.

Rahman, M.S., et al. Polymer, 2011. 52: 1925-1931.

Rahman, M.S., et al. Macromolecules, 2008. 41: 7029-7032.

Zorba, G., et al. J. Polym. Sci. Part A: Polym. Chem., 2007. 45: 2387-2399.
Miyake, G.M., et al. J. Am. Chem. Soc., 2012. 134: 14249-14254.
Yu, Y.G., et al. Macromolecules, 2018. 51: 447-455.

Khatri, C.A., et al. Macromolecules, 1995. 28: 4719-4728.

Sakai, R., et al. Macromolecules, 2003. 36: 3709-3713.

Chae, C.G., et al. Macromolecules, 2014. 47: 1563-1569.

Chae, C.G., et al. Macromolecules, 2018. 51: 697-704.

Bak, I.G., et al. Langmuir, 2021. 37: 4147-4153.

Chae, C.G., et al. Macromol. Symp, 2015. 349: 85-93.

Rahman, M.S., et al. Macromolecules, 2009. 42: 3927-3932.

Seo, E.M., et al. Mol. Cryst. Lig. Cryst, 2006. 370: 143-146.

Sakai, N., et al. Macromolecules, 2014. 47: 1699-1704.

Chun, C., et al. Opt. Mater., 2007. 29: 970-974.

Brenner, S., et al. Nature, 1961. 190: 576-581.

Odian, G., Principles of Polymerization. 4th ed. 2004, Hoboken, NJ: John Wiley & Sons.
Yuki, H., et al. Bull. Chem. Soc. Jpn, 1967. 40: 2659-2663.

Grune, E., et al. Macromolecules, 2018. 51: 3527-3537.

Zhao, W.Y., et al. Macromolecules, 1996. 29: 2796-2804.

Chae, C.G., et al. Macromolecules, 2019. 52: 3530-3542.

Bak, I.G., et al. Angew. Chem. Int. Ed. Engl, 2022. 61: €202212398.
Shah, P.N., et al. Macromolecules, 2012. 45: 8961-8969.

Changez, M., et al. Adv. Mater., 2012. 24: 32563-3257.

Lee, H.-J., et al. Nat. Commun., 2016. 7: 12803.

Malik, M.A., et al. Int. J. Electrochem. Sci., 2011. 6: 1927-1948.
Lee, J.S., et al. Macromolecules, 1988. 21: 274-276.

Changez, M., et al. Small, 2010. 6: 63-68.

Kumar, S., et al. Macromolecules, 2013. 46: 7166-7172.

Lee, S.-J., et al. Mater. Horiz., 2018. 5: 1120-1129.

Changez, M., et al. Langmuir, 2010. 26: 9981-9985.

Lee, J.S., et al. Macromolecules, 1989. 22: 2602-2606.

Koh, H.-D., et al. Langmuir, 2007. 23: 12817-12820.

. Chae, C.-G., et al. Macromolecules, 2019. 52: 1912-1922.



111.
112.
113.
114.
115.
116.
117.
118.
119.
120.

121.

122.

123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
1133:
134.

Shin, W.=J., et al. J. Mater. Chem., 2009. 19: 7322-7325.

Rho, Y., et al. NPG Asia Mater., 2012. 4: e29.

O0|Z{A, GIST Anthology Magazine, 2025. 39: 4-5.

Tian, Z.=Y., et al. Nat. Commun., 2021. 12: 5810.

Aron, L., et al. Nature, 2025. 645: 712-721.

Furukawa, J., et al. Die Makromolekulare Chemie, 1965. 85: 80-90.
Song, L., et al. ACS Macro Lett., 2020. 9: 1542-1546.

Jurrat, M., et al. J. Am. Chem. Soc., 2020. 142: 8136-8141.

Jia, M., et al. Angew. Chem. Int. Ed, 2021. 60: 1593-1598.

St utety | Sot R, M2423] SHAFEEZS| Al IZE|0] A|2|= (1V): TAl x ALAXH,: O]2 AIAXHO| Al
A7 - https://youtube.com/live/r1AQOJLNx9kc?si=D2CTd4pk41blc8BL.

Baker, D., et al. The Nobel Prize in Chemistry 2024 was divided, one half awarded to David Baker
“for computational protein design", the other half jointly to Demis Hassabis and John Jumper

“for protein structure prediction". 2024; Available from: https://www.nobelprize.org/prizes/
chemistry/2024/summary/.

HiAE, LG AIFT &% 7|ZHA, Agentic Al, {22 Al HHO| A}, 2025 0| =0|AE QIAIOIE L
7| 2YUE, M2, 2025 3E 20Y.

Schwaller, P., et al. WIREs Comput Mol Sci., 2022. 12: e1604.

Burger, B., et al. Nature, 2020. 583: 237-241.

Dai, T., et al. Nature, 2024. 635: 890-897.

Zhu, Q., et al. Nat. Synth., 2024. 3: 319-328.

Angelone, D., et al. Nat. Chem., 2021. 13: 63-69.

Manzano, J.S., et al. Nat. Chem., 2022. 14: 1311-1318.

Leonov, A.l., et al. Nat. Commun., 2024. 15: 1240.

Rauschen, R., et al. Nat. Synth., 2024. 3: 488-496.

Acharya, S., et al. Organic Electronics, 2009. 10: 85-94.

Abdo, N.I., et al. Journal of Materials Chemistry A, 2013. 1: 10306-10317.
Jang, Y.H., et al. Physical Chemistry Chemical Physics, 2014. 16: 24929-24935.
Chae, C.-G., et al. Macromolecules, 2019. 52: 9354-9363.






CHetEl= etV |s20FE tHESk= MelTr=A 19943 S E UG L.
Fe|Uet Ao ISAE HESH= AeEEHOZA,
1,2000{F 2| etV |==0F Aot50] ef=utel|=erg # Q| 3l #0|H,

[5t0I=0] Tt | MRIZOR £OFsl0f

S HNE o2 +~ U= ZFH toP |z g2 e + USRS

Nl
1o
o
|.|'|
l_O
re
-+
=
=
0%
4
2
rulru
rlr
E
~
=
ell
=
al
oot
=
O

© © 0 0 00 0 0000000000000 0000000 00000000000 0000000000000 0000000000000 O

sh=alely =3t o 2ofEY|

ET0[X] www.kast.or.kr
£27  kast.tistory.com

HAE  post.naver.com/kast1994

@ Rt [

Io|AS www.facebook.com/kastnews

o b ol E



KAS.' Ra I8 20y JEE-V.. 3 TF B!

The Korean Academy of Science and Technology

“ “ 93560

977911947027072
ISBN 979-11-94027-07-2

7152l AEE S MEL 2 2Lt SAUH TR ST 7|08l U



