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A

tgeFatie AgAer AN Jhed BHE o]&ste tdd TR ExuE (F)FFSE e B, A
o] #t]Zr =3 H (Controlled radical polymerization, ©]3F 'CRP'#} ¢Fel7]= 3H&, ZAARE EAOMW),
WG FEEAEMPDD, 24 AR 24, 28 94X Fold, AEA Al EZZA(chain topology) B HE
AAE Hlolo e 7] Fo §7 Tl 98 v FFo RrvERSYH $% 2SS T F U= F
A4S 23 9 T W A9 AR o F3W (Free radical polymerization, ©]3} 'RP'E} oFal7|=
el 3 €& F de B FHES 7 7 7] Wi, 2 7lEe] €Yxl o|FE Agste] Aol S
wo] gk},

7Fg @Wol AgEa 9gow 1 AgAol 9 CRP W EZAE 7] F3¥(nitroxide mediated
polymerization, ©]& 'NMP'g} <oF3lriE §), 9 AL gyzZ F¥W(atom transfer radical
polymerization, ©]&} 'ATRP'#} <Fslr|&2 ¢ 2 7193 HI7-EE dkgo o& Ut ~Hz WA Aoy =
Aol A& F3H(reversible addition—fragmentation chain transfer polymerization, ©]8} 'AFT'#} ¢ks}7| =
ol 37k ol At olE 37FA W A7e, Awkel @42 &5 A (propagating chain) ¥ A A
Q1 Fx9 AHAA|A(dormant chain) ©] &2 HE ol Aol <Estar k. 7] AAAJAL o o] dw
T A FAE ALEZA, Y] EEARlY Yo talgles o gt

1719, 9 (living) A28 o 2A 53te= 2z

[e) -
<) o o
s}, A BXE BAEE -] A, AEHeR wE MASER)E dox A

= O
e
2
rir
i

N
A
B
>,

S ZATFORMA Ri << R, oA Ri~R,E). A7) F=adA, A7) Mle &=
e wuwwe] B2 Uepin, A7) [l 37k AAAY 27 FEE ek, @, RP Tz A|ss
Ozl 7123 EqAgelr] Mol ol Fre] FAWSS W & gtk RE B FEHelA, gz
FE(P D 2AF 9FdE MEEER=K (P 1)RZEE 271 B2 22 45 (k07t Ve, ajeg,

#lo] RP E& CRP Al2Blo]E =1 A88 Ho]
2 ]

of\

A FYS FEEEETZE TV L)
ARlFEA FZAFTH. RP A" 2l < guzy 48 E29 2
| wZol wiaR-etuze] gk g9e] o= Jr= FAJETh. SFRP = ATRP A|2~H
7] 274 uree x&zol U aIeRE Feke] AX Fo] AW, 1 Azt A
2 % (Kgeact7F =78 A HFFischer, H. Chem, Rev. 2001, 101, 3581-3610]. Z|o] T =ZA~
S0 THEHE AZEAH At HAEE A= 2, RPelA+= TZ2H
TR WA 10%) o2 EAE, A ARIES] e FUF EAg. o}
sh7] Sk A, 284, A FFAY T sEHS 2E A %EOM u+aw CRP
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AR el A A8 Z8 ™ (polymer)E URPH SR 5 & o] Buwmrt gstHow Ajtd wiaR
Apolty, A7) Zglwle=, A" ZEZ 29 (random copolymer), ﬂEHE] ¥ FZH(statistical copolymer),
dHUlo]E sZ ™ (alternating copolymers), LTIAE Z2 ™ (gradient copolymers), dojzly &g
 (periodic copolymers), €ld|Ag Zz]w(telechelic polymers) B EF FZ# ™ (block copolymer), Lz}
ZE  Zgv(graft polymer), 2B} Z&|W(star polymer), WHFE-E#3 IZEFZZZ Y (bottle-brush
copolymer), 3 Z " (comb polymer), 7F €& He @& 7Fx7F @@ ZZ ™ (branched or hyperbranched
polymer)?l §leo]¢] EE=XE zte= ZEd, 7|E & E99 725 EE 4 ZWolv Hge xue &
H Y & st 2EYY Y sREIYE XFeT).

ATRP Z2A2E 74 sk AbgsEs CRP 7IE=2A, Z¥A, DaA, Ja2A, 244 &
AAE, HAAA 8 9 34?“ S&F 5 2 OIS 5SS 2t AR s AdA o8 7
d F AE 7ot 7P WIWE] ALEEE AIRP ZEAAE, 7P tiR

o] Holg 3=l ﬂr“ﬁi O]%% hekel 27 Axpe] dAde 7|z

oo of ofp

rO
d
i
rO
-
o
o,
e
o
I
Lot
rlot
o,
I

ATRP Z 2 A= Ao (W, living) 2 FF(CRP)Q] 71 a3& <l W F shvely, n=xE53 &3 A=
E3EY, dAW w=FESF A5,763,548%, A 5,807,9373, #|5,789,487%5, A|5,945,491%, A)6,111,022%,

_3_



[0008]

[0009]

[0010]

[0011]

SS90l 10-0945632

A6,121,3715.,  A|6,124,4115,  A6,162,882%5,  A16,407,187%,  A16,512,060%5,  A16,538,0913%,
A6,541,580%., A6,624,2623., A16,624,263%, A|6,627,314%5, A6,759,4915.¢}, W= E3=Q A)09/534,827
3, A09/972,056%, A|10/034,9083%., A|10/269,556%., #110/289,545%., A110/638,584%., #110/860,807%., A
10/684,137%, A110/781,061% 2 #110/992,249% 59 &% %Foz 7|49 APz So FAHez /A
o] Qlt}, ESH ATRP= &5 AR vlxp2A| I ~7] (Matyjaszewski) 2] W2 7+ d vh<=2] 7HaE 7fA]d wf
dom, 9w e =4 o] A(chapter) WA EHF-(review)® vF ATH[ACS Symp. Ser., 1998, 685; ACS

Symp. Ser., 2000; 768; Chem. Rev. 2001, 101, 2921-2990; ACSSymp. Ser., 2003; 854.] ]131?5]' Y EE9
= A8 =3 o] HolF<: wisl 53 (transition metal mediated polymerization) ¥ AR} o]% 3
(atom transfer polymerization) 53 Zro] t}& o]Eo =8 AF5o] 9o} o5 HAHAL NI fAlsY, E o

A= oS "ATRP"E F@FIa Q).

ATRP Z2A|2~, o]gtollA AHsla e vhked o], ddHoz ol §7Fsst 4o MAAIES] 282 = 3l
oun, 9Joly, Y] FrolE, &g, o], @ wwlAd DNA, BF3ES xeE AGYEAET, B AYF
Y ES Lot thYe mtaRNA Al(macroinitiator) = /A 449 4 o, ATRPe| 93] AHE o=

J I 23 9

° |
o Fet AGy A, HU2 W7k EE OE UL A% B
= Q
= 3

£ Z3 o}zto]=(azides), o}¥l, TAH
Eo] "ehe %iﬂi qAgozH Hkrel folst 284
_‘g_ -

ol wE Wyol bsaAv, e

(F)TF 71es EemEo] ol8d 4 Q& 59 B3 ofde] quh. ARTP Z2AM|~= £5 IZH, 18y
AE 3ZEH, IFojgly ZEFEH T EAlete 879 245 AEE 2dste 83 AFsto 2E
(star), F(comb) ¥ Wl=g]H(dendrimers)e} 7S B3t EZEZAE zk= At Ex19] AALS 7s38A 844,

Eevie] QAFAA (tacticity) A% 243 5 QU1 Btk ATRP ZeAl2E, 43 v, #7180 WA,
4w old gejskel B Ui, E o4 Al v, 29A 0, Ul B8 5 Qe e spgeld,

wf- B YAl S Ase /1SR B9e] dAAE AR eRA Eel BA ¥ 2dde 2
5 Alzdc. 2u, old e Al 54, &8l AP wek gl w4, 5 A 2l A 9
ol ks spAol e Aviek 54 F(fune) WE T TAVF AESta Uk web, ik 22 Fe
o HAAE FAo] flowA HAad dAEE Ay fls) Atst T uE (AT B Akskek ) (MDH) 2
& 77 2dEA tHxﬂoM AT We =o] V2o HaL lnt. olH @ <] ddAl= ATHSF MDH /-4 &
oA St #TIE ES] wiel v 84Sl 2AR Ay, ¥Ed w8 d9E Adsta, ¥
719F AFHA 7kAA el ThaE AR AtaE Addth. =7, v AlFe] wvd dAd" A=(cha
e 7R 2e e 558 UEoRd 4] ddvntess eI, Ayl v £ ge B3
A7bAl o] EAlstel A ZHggth. e, ATHE oF 180TColA &7 AFHER, 7k %7k 200T 014331 &3
dl~Beh 22 A7kad FAAE AR = gleh. Wi, MDHE AiHeR e 289l 300 WX 320TCell A
NgOst M0= Lell=]7] Al#Fstmz, ATHE ARSohs ol dHom FEahl MdshA] 42 Eotag el &
5o Edd 5 v Aol A

ATH 51 MDHE= B ofgke] Aol sluh. fad wdAlZ #8shy] feirs uFd k560 5%l
Aasta, 7144 54 o] @A &) 2dd & gla, 53] A4 ek 2Edx 9 3 wPeA Wz}
g ol TR F vk H AAIAE fE dA(cable) AARRA FAE VxR & DA BA
peEel arsan vk, 58], FHels F8F EE|vE ARSE = PVC B PE/EVAC] 7haAds Frof Al
Agskal vk, PVCE, W EEeddng b2 dddo] gAN, d4E ¥k deEdes UEd 4
= PVCe] Al Z1Q1skhE A 8 EAle ddeltt

W A2 39 EezRdd 2AEd w3 H2e] Ve 5 F sl ofs ZAAE v 3AvHHong,

(e}
et.al: Journal of Applied Polymer Science 97: 2311-2318, 2005]. A7] &3] &7 7| thah Q. ool A,
U] mERA, A7), b=, ARl A88 Fw A"e] PP 2=l S31E WHe] VA =
& -
[}

F& TohaL AAAskaL k. Aejeh Fejv] wE: Apelo] g-Ao] §17] wiiell MDHE] EgFEe] S7kel wle st
o Ag=d=(tensile yield strength)7b Atk slo] elA 9tk ey, sgzHoldolEE o] 8¢
W FHE Ao ASE FEATIAT, AL wEHS Aelo] ek ARE Al e
ER, 2ok ARE o] & W FYe $Fe] v AR Q& w5 WHE 2 248 vl
sto] A=l AFTHAETE HaHA k. PPA EAR= PPelAc] Z1gp2Ed sh=advieh de wwe]

s o

A7) Abole] Ab-d7] Agol Jste]l FAA] ERANA Mo AGHL. EHagol SAS o

I A= Estar, Zrzbe uHEa/\ )

=4 PPgMA/MDH ER=2] 7)ad7de] AA = 98 A= ge oz
ZE ZYwzt ExlEoof gvh. mE v Al aRtZERER FAYFS 24T £ jlon, HFE A=
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) A2 IDH YAE, BF BEE A 1S H ZUHE $A9 A2H25 B8] Yol

AEE AL 9l Aksh PRl G0, ®=3= MDD &4+ thdatth. S8 e 8= 4sir7]7]
Aol HTo UAE= A A Z oo MDH EAFS -8t AFe %= A [Toshimitsu, J., Suzuki,
J.: Eur. Pat. Appl.: 1422262, 2004], o}l = =3l A7 mEE I 9o, JEM o] &
o2 ALE-E MDHZF B]Eol% #gdo=z QAsle] sl o Ad AR Fx27F AANEA Bt o).

ERIR LB IEES 2
94 ghe ashze wkgel sl sAsn k.
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A A9le] 5 24T ol gl

utehd, B4 ZEfAEA A AR TR BAAS JAEY] 98kl MDH YAl 2P EE 2z ¥
7hseh Aols 2EE 4 Qe HAHol "oy, “‘ZAVEIA FEEE" o Ao <gd B J)Ad
[dg=

Mg(OH), YA+ 1 T FA7|E T3s6ta, o] ATRP /MAIAIE AlFslr] Y] Ze5o] A 4 oo}, +4)
oz Ag3l wkgo] dAA s, daHE3 whgozA, 7] 884 1o yEeRa 9l MDH ANAIA A
YA A} o], HERIZHQH HIFulo]=g NkEo]

=

4 1

0
HaC O
e E ol ¥ o1y i
Mg-OH + L 4 T b Mg-0O CHs
Br Br i
@@l o dl & -MREREROled EROj0E

F2rE AQlel dFute] ord HEHseE wlEYH A U9 shhe] ixte] A4S F7] wiitel, YA W RE
T HE BHAA Ao BAAE A fste] #gete A2 oldth. i#y, MDH fJAke; WSS
Hzo 2ZHeA9 *s 2dgo M HHsts ulo] wet A A FE 2ET 4 k. ATRP HAAIY AT
Aok Wkgol ol&] 283k MDH JAoll EA8E -0H 719 &2 dAke 27] 2 283 Nkgol AL85 & UAt
of it SRAZE ] Axo] &3] 0.01% WA 5% HARA WH3=E = v}
3l7] AAdol M, F2d 27] Fol 0.1 WA 1.0% HAE zh= A7 A5 A
2 o=, Addez §88 4 = WH 4RI AFEE AT
E oulgo] thE AA|do] A, ATRP Zu] E3Ao] tst g7tc= HE WD 2AEZRE H71d Jo] &= =
= A7 $E FEIHIES Jozy FHul EAE BT ¢ J=E 9" ¢
o] %, o ATRP Hi= AGET ATRPZF AFE-SIAY 74 ATRPZF AFSE U 39 247 FHule A2 & Ao
7] FaE &2 g§Ee Pﬁﬂt, g2 (RP Z2M2E FEstaxt o F4% B34S o] 83t NWP
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o2 vlgg e Ao T3 7lee, AIEY JdHZE, gE, gHE 53 T2 AlEY JdxHE o H4d3 Tz
BE 9 EAtolA, Ea Aedor dFuyg dFAlo|=et B2 fU|eEAd ZEEEY EAStA 1H
A== 788k (ring-opening polymerization, ©]&} 'ROP'g} 3H)S g3ttt oA AY, A= S T8¢
A% T3 AMAIFEA o1 8d 5 3

AA AlE = Ak

T oohE v e FvlEe 714 W] AfEHE WEgsA dE AAVIZRE AEE 2dE 3A-S X
g}, olgd FEES Fol AT, BASROMP) TF & EFsh, oo AdHE AL ol b
Wetog2=, 2877 S wet Raev, a9 vyt 1 gWe] R 287]eh vhgs 579
e Agole A7 FE7e 3 g2 5 9

gyrg, B odhde ()Eaw Aol RaE \DH YA AFx 2 1 g4 #E RS AAEa don, A
7] F-28 (2)EYH A EA=, 24 4w, 2 84 BHste Zgtag Almd £3E F e =4
S AFstr] g degE 4 Q.

B mE nhE 934 A7bske AFe Fol A7) AR MH e 2HE QAE AF 2YR Pro) U

4 Al 9

olslell A, MDH YAE E2|H Aol AFsl= WHE A, o3ty o2 £ @y #s AAld o), 1t
SOoRRY OFTEES FEdtr] 93 dd TEHe 2 o] A EE A2 ohyt)

213 o

MDH(d=50~100 nm, a=20m'/g)t AF7}e]l #(Sakai Chem)AFZF-E Flsla, XA @ E(convection oven)olA]
A Az T ARREGIT. e W2ESS dug X (Aldrich) AFRPE F4Eela, RewE A9stae
o o]Ae] AA glo] HrSo| ALLEIYTE. ofm™H o E R U9 3 AAAE dFu|Y(basic alumina)E

Nzw @ ARe EAAA AAAT

E1/C1 : ZHAIA] o] H-2bel MDH 4AFe] #H]

Az MDH(8.5g, 100mM), Eg]olgolwl(13.93m¢, 100mM) 2 THF(150ml)S 250m¢ Zc}~do] HA7bsta 45 &
71(ice bath)ol] Hadtl. 2-BERZ 23 HFulo]=(15.71nl, 150mM)ZS 282t 7] (dropping funnel)E Al
sto] A3t wako R Hds] Hrieledl, 2-BEEERE HIulolEs AP EnS S Yo 4 qleng

Folste] ARgstolof . EES 2 AR B¢ A2 F, o8 oHA 2§, €2 FEM] & wj7iA

2R5E 5 Ad A3 owc} B fo] Wl A% ohE AAE Foeel olpel nenelmE A5
gith. Burg AFAEN Az o dolsbA, ATRPIIA ALgE7] S, A7) AAA Bae whxie} A}

o]

WE ol gstel LA % | GANA, DS B AAS] $1stel AFLEAA Azt

S Foabe, e
Srow 14 @A Huke] Susb wAHL weAel obdAl Htt

=

F A9 uel ANdeld Be FEshl AYEAA, W FE@ F4 Aot 48
o Hl CERIEERY

= MDH(8.5g, 100mM), Edo|do}wl(13.93ml, 100mM) 2 F4 THF(150me)E 250mee] ZEf~3e] H7hskar
S g7)o] @l 2-BERIZEd HRalo|=(15.71m, 150m)E =5 BdS Algste] dAT wEkow

3] 7Fslgict. ojul, 2-HERI Y HRZulol=ix AYI TANESS do7 4 glovm Folsle] ALE
Hoh, dg B7oA EFES 2 AR Fek AL F, WS ES Lo FAANFAT. 24 ARke] AAe F, 4
7] E3EC THFE H7bste] A7) dAldgaaint. 2 o5, dAaddes 459 e &9& mai 7%
gk THF = WHQITE. o] WA= fo] BhaL Aol 1S wi7bA] WHEERqitt.

55
T

l

i

E3 : 2-vew-2-Hexasdey /fAAE MDHo| H-=+

o] THAlYA], MDH(8.5g,100mM), E|oEo}lv1(13.93me, 100mM)-2 X}7h2- Eek2==2] THFA] 93] desis 3,

_7_
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[0070]
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2-RRR-2-vEXgyod BREwulo]=(18.54ml, 150mM)E= s}7] 3}sha 29 28 MAIAIZE H-2E MDH YGRS
3] e vie} go] R3E A BAer) 94 AAs "AAen.

31544 2
0
Br. ;
\ / zaauow - i
i ¥ G =
L / " THF, lce bath g
7 Br
#Olddg 2-MRP-)-HUEZRI oY HEUNOE
oo Aease Aol AAe £wel ks AAss] & AAE wi-wol Aasl wlAE Ao A= u
Sl wel APspglnt. A9 BN E AL S} 2 FE gl dFMT HEHE NEE
Aol A9} 3He Huk-S-F9 (pre-reaction care)’} RTHA &= gkEr)
E4/C2 : Ze|~E]dl A9lo] Agty MDH JAFe] FH]
Ao, A HA Z8717F 23 MDH 9AE FAste 49 Tl te Agstr] Sk vladE
Fgsha vk 471 B1/CIA e WHo] AR AAAE shiel W QARRE g @171 S

o] ATRPel AF&¥ETh.  Mg(OH), ZNAIAI(0.073g; 0.2226mM), PMDETA(0.077g; 0.4451mM), 2~E]@(2.315g;
22.256mM) = F wEe] EFAdS 50me] 4@ A(Schlenk) ZEaIo] HHEU. AAE o]&dhY
AslstA A, 33 dAEF o7 IdL-AZ-FE(freeze-pump-thaw) Alo]ZFS s o]F CuBr(0.064g;0.4451m
e ZEkaTe H7Fstar 110 TollA 2 Az FoF ¥a F3S STt A7) vkl AzxE s

GPCol Z4® BAZOozA 2.6x10703 PDIE 1.730|ick, A Alg Riep]o] Hl #& 1:1000 4}, EApELS )
k)

A AZF Bl Hl&] 2.5 v o A, AAY o2l EAlgFe] AHdt 2ol MDH IAke] 2-8-35le] H]FHA
of 7]elsl, ol JMAIAL] BFdd EXZ Qs Ao MeAS WE 4 MOU%, 285t = Qe A
Z B AR ApelzIt AESHA AA = ALZFEH UL AstE £ ok, AEgk dxte] A8l i £
(KohJ1 Ohno et al., Macromolecules 2005 38, 2138)¢] wWEm W-go] A== Y YAES ZS A=

Aste Aol AARRE AFRE AAAS B Aole FUR
o) BRAA A Q4R ol gstel ojel Wel gv

i

%
25 98 A5Holg Aol AAHe] 9
AE FASAT. 4719 Lol YREL o

o

U

3 AE AR A e A2UE A2 AN 48R £, P BYIAE A e 2]
WDH AAHE $H9 BAE FRaE dol Egol @ Holeks A% AvlEa v

B5/C3 : %(P8 olagielel=) Aolow Age WD gixbel Fvl

woagds, A48 BHe s Su) BEAS ATe] GeAw APHE AR Su) 2EAS G
S8 A= e ) ojm @ Aabe] WAEE A welF] @ wwdw I s ek,

e ofagddolEe] WA F3He A83he MDH YARFH ATRPE S8 FRHAT. oE 2-HREo| AT
Ees T8 AdxE #Es] 9 s AAAR AREEAT. A7) Mg(0H)- 1A A1 (0. 164g), olE 2-H
Bol2Fd o] E(0.098g), PMDETA(0.173g), HH ol "I E(3.29) R F W&o EFdL 50me] A==
gt AA itk AAE o] &ate] AsfstwA, 33 A& ow AL-HE-35(freeze-punp-thaw) ARo
Z1ey sk 01?, CuBr(0.144g)& Eet=3el H7ketal 50ColA Ha T3S Fasadrt. 37 AFA,
Fegeo] 1 zdo] o]y, o]= PMDETA Fvll H3FAE AH&ate] n2d Aoz o€t
0 CellA 10 AIZF S FAEASANE Eatar, whgEe] ML kg MAF o 2 A7k vhef] of
PR, 71 SN AL ARGl o3l 1 AlFE Foll= Akl 3,570011 DI7} 1.08°]aL
WAEFe] 9,0400] 32, PDIZF 1.1491 ZE]&ewe] A % Shelek 4= QlSdTh. 1 AJRtel] 31%0]d
£ol, 10 AJZF wholl Ae] 99%= F7FE ATt ?&01 g4 5 A 24E = THF djellA] wk
ZHES ol&ste] TEAR oY, Cu(ll) H}AE *é Cu(I) HFAZ etz F4 SEpeo
o] &3 ol = E3kal CuBr,2HE A MDH ¢ Z}’;’ HEehe A A9 Brbsstlth. 4]

A=)
=
H3A S FAste =24 PUDETAS AMg3l7] wjio] Z#j® Ao},

H

N

N

i}
rE‘: )
oo it mlm

)

N
1 o

[o © —d
fetl @

VR g -
E
ol

=

0
o
fr

o 2
rﬁﬁ

O dz b = 41 oz b fo
> o
o 2

m 2
i
o,
2
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b
2
rlr
(@)
o=
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%
QL‘
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teol AgdEe, £84 2RAS G AVERA ddpyE AHETTH

6 : o ofm-eolE Ale] Agtel MH A

A AZE 28 MDH 9AH0312g, 0.95mM), "E 2-BER I 23] Qo] E(0.056mM, 0.05mM), dNdpy(0.409g,
ImM) 2 Fd o} Y] E(36.6, 250 mDE 50 A Zekxo] HAsTE. A4 71AE o] st 43letd
A, 33 d&EHor de-HIZ-3]%(freeze-pump-thaw) Alo]ZS H&fste] w88 o B+ES A ATt
7] EF22=] CuBr(0.064g;0.4451mM) S H71stal wh8-715 24 87](oil bath)el ¥i 70CE o d35H3ITt.
Ao, vY 2-HRRIRs o] s MDH A wWo Ry A Fene wATs Brtshy
g SAAAARZ AREHAT. A7 S AAAAAIE MDH PRl F-2E AT RAIAIeE AR 23 T ERE
7hzIc}. %71 MDHe] ol F-2E JfAIAIL S| ATNAIA L] HEe] 0.95:0

A AT davt Ik, FAIER NHAE AASE 34S AXNEA whgo] AFPHE Fo Aojxl
sto MBS BAFS FUIH R SAIGUY. olE A= = 19 YERATE. A #eg =R R FE
A A e =3 Er2etA Z&sARE, HAap dr] dse] hAstEa leS eI gtk wH, CuBr.o] 37t

7} A EES FRAGH, o)A AL £5F (ubre AFEORTE AR whE A g Hx
}o =] = Hk&- o
[e)

fo

BaleEe 51,2300]3 1 PDIE 1.179] o]2A Hu, o]=
Aolth(Agdd E8H e A% 4L YAEFEH Fad
3, FaT ¢te] E3ES FElWe Ra, THReF A4 AdsiA &35
t}. THFe] %sﬂ% depy 9 CuBr,o] E3E2 5ty YAZHFEEH 45 28 o8] mEti(decan), ©]
CHA] THEO 4RA1 AT o2l 3t/ dAlie] #4e 5 3] whEaigint. 7] k= s A udlA dxst
At
Awdt Ao AHS woFy] 98, 7] 53 MH, T4
Fel oladgo]E) Agle] 4 o
7HA BEE o] AolHS B
sk = dlgo] dEA vk, F2E A #wE)e EAE LT T4
toll= F 3 % XéEO xMﬂ ATt MDH A7F Adrel E8H=, oi=f
ol ok, UmA] B Ng(0H),9] ool s A9 Mg0o]th.

HsAdS zhe AAAAZE 29 H 2 A=Y ) (n-
TGA Tholola:So] & 20] EA|H O] }\1\———‘]:1, 01 %

2w sk AA AT 2 A
9% AE7}F 3 Fr|REoR EX

w &

7: %d olageele Agle] Aghe WH 9%

A =2 =] (batch)©] MDH YAME°] #58tE = FHAA, Hdxy
[e]

Fo A QAER $PHY, o3l Az
# AR F99 gAEn 2] o A ¢ F A %
u} %

o 79 opadolE 9ol

T2 AREZRE FEEd, We Aol wel 718k % = Zgue] PDIE 1.49¢9F 2& & Zho] ),

webA], 7] Ad GAER SHEE S UAs] A8, 2 3 W Fe e S E ook gt 9

AHEo] THE oA Egjolgelyl W 2-Bawvaveyd Haulo]=el uhgdt & of7|d E& Friste] £33}

L, IAZE S AR s dARE F s AASI, ARE B Hrlson, o #HAHS 5 3

wHEslel MBre AASAT. Aed wiel e dgd/d4RE BAHS ol&3dly ] &= THFE
=

H3lE Q). 7] YAFES THF dedoz Rasozct. T3 o|ddl, 7] dAES o] dAiliEe st THF
£ 5 olady e ER i, A7) dAEY Bieve] E3EL 50m AW Fehade] HA sk, b7
% UFE ol agdolE FFS A Aok )l Yeidla e whgol] A tE AES Y] S
ol A7k,
<3 1>

No NS & MW shek mM

1 [MgOH) = 7R A] A 328 3.05g Ini.: 0.136g Ini.: 0.5

2 |HE 2-HERIZH QY olE 167 0.084g 0.056mé 0.5

3 | CuBr 143.5 0.036g 0.25

4 [CuBr2 223.4 0.0028¢g 0.0125

5 | dNdpy 408.7 0.205¢g 0.5

6 |5HE olagygolE 128 32¢g 36.57ml 250

7 | EF4 2 e
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2 oyAe HIPEHA[H. 6. B@rner, K. Beers, K. Matyjaszewski, S. S. Sheiko and M. Mller,
Macromolecules 2001, 34, 43751l 7HA]E ZFae] WHS o] &3fe] $=3)3}AT)..

50mee] <+ wig Zf2~=o] MDH-polyBA(50mg), THF(30me), 1-%¥%¥ <= (15ml) 2
k. A7) ZEA3d & $%7](water condenser)E #&Eta, A7) EFEL 1 F

=<t 95 WA 100C el A
wRkskglek. A7l Sl WEstel A AAGon, o] nFES FEERIEFA AT AT E5 o &
sto] Fak S FEH, A7 7] gl EHEH, A7) &ule TR o8 AAST. ] P a1
o Bl THRO] EAMAIZITE. A7) oA We] MDHE PIFE W B HQS £33 ool o) AAY, A7) o3}
B U] 2el¥ polyBAS] #AHS GPCE o] &3ate] A8t 1 A = 40 YERIOH, k= 404 e
ZE| vl AT AlaE ol el X&) A 9 vhAbdE 20,300 B 1.490]a1, #EE EHEwe] &
AT} ot d = 19,100 9 1.16019, ZH7hE Sl 2dE gt ge] A dHT .

MDH-polyBA dlolHE|= 9x}o] ¥4

3lub= w A2 (bare) ¥ MDHE 315
731, FErele] orgA HlwE 98

, B2 S MDH-polyMA AIZ FXE F 7l fEHS THFZ ¥4t
Tk, Azre] ZAsgel wel, A7) mEd M A= 30
Z A3 JAEATt. A, MDH-polyBA =tE= 2 F7}

H-

Hat 470] 80 mml MDH YAboll polyMMA AQ1-& F-23t7] flal, A&st Agdolxe] MA B T FAF
3 S o] &3k, o]@ldk whgol M A3k ul Qi ATRP ZZAo A3k WMACl AdtE MAAES PA st
= =2 Ao 87] WolA Egddoelvlz THFE o] &3ty 2-B2H-dd ﬁiuﬂw
B . A7) AFoA, dE 2-BRRolAREyoEE £33 X

TS A=Ak sl ﬂle} S| MAAZ AEE At 7] MDH fYAFEdd F-2kE sfAA

e, 7] MDH A=l 199 7HAIAl Fate] F-2evhs 7 st shetdEA o s Altatgltt
AL S8, ARl AMAA-F-EE S did] dARAS Fasien, shrlel AlFEle). 1
DH 9445 el 4] 6071 % 1 A&7t AAZ ZA8sHAeS & 5 A

WAIA 7 28 MDH GRS (1g; FAE AAIA 2F:0.17mM), oY 2-B 2R o] AR e o] E(0.025ml, 0.17mM),

dNdpy(0.07g, 0.17mM), "€ WELZHH o] E(36.4me, 340mM) = MEK(30m¢)Z 50mee] $1== Zakx=d] 2 =3}

Stk A A5 o83t AIelHA, 33 dEHo R dS5-FHE-d5 (freeze-pump-thaw) A}o]E-& 7 eY3}o]

HS-2 o] BE4ES AAST. A7) Zek2=e CuBr(0.012g, 0.083mM), CuBr2(0.00094g, 0.0042mM)Z 3
-

7hE -, A7) WeT1E 2 8719 FaL 70 T2 o dsiint. &g ukgo] A fsﬂEl—H T 2] AES o
Gste] e Eeive] BAFY T3] AW JrE SAST. 24/t Ak F, FT)el =EAA WS
FTANRG. FH2=3 W] HAde] Sl A ERES A4 wEdel Ra, AR THFQ‘r ey, Ads
A2 3 F, %;}%% AiEste] FAE AAERNTH AR FTAS weh Wl el whet THE
of &3 Te]EFer= &8 dNdpyet CuBr,®] HAE A AT o] 9AE BEES A7 95k
5 3 wkEsiint. vE 24 AAE &dsr] sk, A el o] ASEAE BEE ol MR &
A& stolon], o7)olA THRS) o] (peak)Tho] #2= ).

e AR, AEE, 2AY 9 PDIE, A7) s ZUHTE F ole I E oldste] % A4 F
b SAHEAT. A Gel=A MEKZF H7bET sheekE, wbg Al o] f, 12A3bo] AtatolA At ie g
Astzh wRe, Fehaa o] EFEe] A4S ZAEAY. 4] PIE Asr gl wek 1 gro] A4
71 A Astoleh. shbe] Aoz, 24 Alzbe]l Z3bEl . Mne] 127,000, PDIZF 1.408 ZE= polyMMAZE F-2Hel o

A7 76%2) Ago] 9l o]F FA U,
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[0095]

[0096]

[0097]

[0098]

[0099]

AFM MDH @AFEol Z8w Ao AA= F
TAE Bkl o A7) dAE F2l9) AR AJELS AV dA BH Ao BAA gernw HE
]

B9 : MDH-%2] (v weta - #olE) ate]r

E3H, WDH-Z2(HE veta g elE) dAES o U 83 HEEE 9 SEF 4o =4S AT
el dFez FHH A

g7 AgelA AFSE WS o) Aol AAE e WHEY At 284 AAA e
MDH QA= (17g; FAE A A :3mM), o€ 2-Baz ol AREwo]E(0.44m, 3mM), dNdpy(1.23g, 3mM), ™€
HElT L o] E(642me, 6M) B EFA100m)E 10 9] ARBA Feh==dd AA850rE. dAR AsleldA, 4+
-AI-dF Alo]FE 33 RHESte] WMEE U9 EFES AASNT. v ZEadel CuBr(0.215g, 1.5mM),
CuBr»(0.0168g, 0.075m\DE # , 70 CT7HA oAdsict. A7) whg JH
of whel xZEZEw AN EAFE

ATk 43 AE F, FTA wF:A
WA Z T . 7]

= A4s & £ F

AAEATE, A7) /AR B4 £53 Folrgds JARES EEler] Y 53] 6k
ok, GPCE o] &3l SH4e | EE AJe A2 120,8000]3, PDIE 1.18013113}. AFREL T 6o

WDH 97l 6 ) 9 48718 2 sgd Ben AQS RN AW WEYs Benste) o @
£ 54 25 5] 98 =0 Meagdel s mer 382 F9s9.

WAIA 7 F-28 MDH QYAFE(1g: FAHE RAIA] HF-5:0.17mM), 1% 2-H 2 Ho|AREY ol E(0.025ml, 0.17mM),
dNdpy(0.07g, 0.17mM), =©lX wE}aZH ] E(19.93ml, 63mM) L EFA(30m)E 100me] A== Zepo
T AAE AstetdA, de-FE-dE Ale]lES 33 H}EOPO% g2 o ExES AASAY. 8~
ol CuBr(0.012g, 0.083mM), CuBr;(0.00094g, 0.0042mM)= H7}&}ar dk 2 99 879 A3t 70 CTHHA

LTS % asel meh xe) e Ao AT e (PC RS 916 A7) g BHE) suel
[e]

BB FAH02 ARSI 5047t ABE F, Flol wBAA W FASGL, A7) Fehaa o) 4
ol g @f&% AN Belwel Ra, AR TG A Al T EFE F, EFES A4
@9, 208 QAZTH ARG 4FAS dwonA TF Ul gaue] dv xeFvst 47 F49
dNdpy % Cur.®] HEAE AASAT. ol WAL £4E seluds GAEL BNl 98 55 W
stel Faetolrh, A% AW 9 BABE FFol APHE Bk TalFYnE o] gl Zsgon, 1 2
e g7 wkgel A & 2AHYSS welFn Yk, 2Vt W £E7b wE dow paAsgon, A
el WR AT 37k /181 gadty Jee BAAFAL. 4] AF Beviol sousl ATEAA BAF
2 52,3000]3L, PDI+= 1.21°]%0t}
ELL : WDH-Z2)(SEd 2 vl agee] =) stoluze glxel g
s g2 vgageelE Brent BAdow 71 97 AAS AN 7] wie] Ausginh, syl
Age Fev) A9 soby 4A/EATe Fn g6l glold A B5H 542 Agee e
9 fiolmz, ODMAL, SUleBY MEYxd fad Qb 2R FEE Ax] A8 49F Fuud
olet,
W FEO 4 B PUe olgstel AASAG. Su U veaddelEt e AT I
fol 5691 NaOI2 4 Slo] BH FRAUL. TF BN TIGOE BIHE QL0 F. A7 BAL T
3 3

Holg EA71aL, hstetell A 7] &g AlAs . mlE]l #=ulE AAAZE F-2E MDH 9AH(1g: 5
ANATA 0. 17mM), olE 2-B EZRo|ARE o] E(0.025n¢, 0.17mM), dNdpy(0.07g, 0.17mM), SE} ®©]A
Bl o] E(22.21m0, 56.7mM) % EFA(30me)S 100me] HHA ZepaFol vt AirE AIA|7HA

== de-FE-3T Aol ES WEsY WEE ulo] EEES AASY. A7) E8h2~39 CuBr(0.012g,
0.083mM), CuBrs(0.00094g, 0.0042mM)S H7}sla Whg-71E o &7)o] A& 70C7A Dttt A7)

B oo b 4yl
)
o=
b
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ol wp=w | MDH YAt= ATRP
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=

X
s

[0100]

!

o

o]

[0101]

|

3E
=

[0102]

2™ (gradient copolymers)7} 2

ATt

UESAte|= wi7f 3t RAFT/MADIX %3t

g,

TC

[0103]

o

F A e

A4g5E 9@

of 27] MDH ¢)=}¢]

=1
RN

A7F A 7] o

SEER S

Az

el

[0104]

Al &

Al
=

471

O RR,

[0105]

[=¢
N

=K

AR

Bl
o
N
F
B
H

<
T

26,680, 2 AlZt

Mn=

<
T

1 AzE

Ed 7Y ojmRdo|= BAY LEEo|,

3L

12 WDH AF=RE 28
24,790, 4A17F

s
a

Mn:

[0048]

Mn=51,230°]t}.

<
T

21,4800]aL, 22 A|zF

Mn=

<
T

o]

3L

27} 225 MDHO) TGA 3

=

1=

(n-F-9 oA o]

3Z
=

=1
=

F MDH, ZWAA17F ¥-=+= MDH

[0049]

A& (conversion ratio)g YERHIL ).

=1
=

ZgF, o2 (polydispersities)

A=}
RLE

3

s
2

[0050]

A=E HlaEo|tt,

W (free polymer)o] &

o1&

4= (height) o] ARM &n|7d Alzlo]t},

3]

3L

28 Zg™(cleaved polymer)®E o] Fo]x

[0051]

2D

i

MDH-polyMMA®Y T

5+

s
a

[0052]

I

= 62 MAAZE 29 MDHEHF-E MMAR 9] of

[0053]
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S 1O AR EE D2 ZUE U 0l3EA0EY BN BEE
1h2F X, Hn=26,600; EATCT 2. Mn=24,790; 4AI7H £, Hn=2l, 480 2 22417t £ Wh=51.220
EEH2

00 L e, ——— MDH
R ——— MDH-intiatar
—— WDH-BA
=
5 907
S
&0
e 72 77%
704 - S—— S
£9.70%
B0
I 5 I ¥ I ¥ I
i 200 400 00 &00
25
T2, s MOH, SHAIHIZE EBOME MOH & E=EAICE2n-TE 02 E0IEN2 2=
MDHS| TGA 2§ =
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FDI 1.49 1.47 139 115
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k1

)

o

T .
- == 24h 4y
——43h s

x I‘. f

1] g }

1h: Mn(32,400), PDI(1.29) "

24h: Mn(92,200), PDI(1.22)
43h: Mn{120,800), PDI{1.18)

T T T T T 1 1] T

10* 10°

T B MM 2=E MHESTE HOE TZ22] e S IHE ZRE =Xk
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