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9 o] 715 w9 31jF X0l A LAT
S5 ekt W ollx]ol] 2J5f B AH
71 (single—electron transfer, SET) olHA|&
gett o] AL IRk B FAAIE
YA Zdgol] vlsl FHES-2 2] Adlely EEI]T
w(Ru) % & 507t 771

gZl] ¥HS (photocatalysis)-& TS 2Holzt 7] W&
& Y 204 Aoz JY §7] 33tolM A2Ho= &
(excited state)ol] ZE3F F2uf= QB 7| A3} HARE =314
A7 D50 (energy transfer, ET) = 1’4—— o 271412
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HhSoA HEAH o= AFEE A Qled], 2T ol 35 FEFuE §7] EA 719e] 571 F=l (organic
photocatalyst) 2 thA5t7] Y3t A7} EatstA 713) Zo|t}? 3174291 organic dye(Eosin Y, Rhodamine

B, Riboflavin )& H|23}9] phenothiazine, cyanoarene, acridinium o] £Q {7 Y=z %%5151 itk
O|52 YutAQl 24 B2} v AT EA (TS, = A 421 (excited state life time), S= A
2 A9 (excited-state redox potential) )< 7HA1H, ZHIZ AFES AFESHA] gal SASH PAo2
FE0] RS2 w4 Qlok /7] F=EA —Jh—} L82 IEA A HopllM = F 83t oJu|E 7HR|=H,
Ol a4 SulE €83 LA FAd o] Foll Yehd 4= = a4 Tl g AlA ZAIE 2EAe=2 IuT 4
7] wiizolt}. ojof what, 7|&e] et 7|t 5’——‘?—1} /3 A=H(ATRP, RAFT 5)= #7] =& &8st

FHAY, A2 SO HAYSS EUE ot AL §4 H2o] s x Qs 2 57“01]/\1b R

l‘l"
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IEA} oM AFRE A Qe F7] =] BT o] &E 83 L REAF FAF 0] o], a8 do R
AT F] 5ol s &7HskaA} gk,
2.2
2.1 87| ¥E0E ©| 83t Photo-ATRP

ATRP(atom-transfer radical polymerization) = Y245t &7 HAAE E-&35to] 1B} AMEo] /48t
(activation), =HZ A7 34, a2]2 w95 H(deactivation) 7t 7FE9 A 0.2 ZSiEH A £3to] Lojim,
Unky o2 ol F<4 Zl(Cy, Fe, Ry, Ni 5)oll &Jaf th7i ) 2ol AlAglo] o8] 2188%]+= Photo-ATRP
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33 1. Photo-ATRP2| B2 OIFLIE.

oM e YA A A7gol] 3t S A3/ T, = AH
FE0(PC) 2t SET & B3 =4S gz o] w4zt
g Her g FHA|(Py)7t A3 E 1.
o] fIsllA & oA 3t SdE S 7= YEE
ARESHA Hith o] % =Rl (M) 9] 2Hel 7 27go] Z1egH
IEA ARE S S (Prsm )= BEFE(PCT )l 23]
it} =HA A2AIS A Fej 2 ¥]2/d3H deactivation)
%11, o] o] HHEE|HA 2] F3(living polymerization) ©]
TR D).

Photo-ATRP 1= S 8] shelelo] ofe &2
fac-Ir(ppy)s BENE L85 H2 0] B3 o]F F& F=u
AN2EG 7o 2 WA ALEITEES o] %
435] \iAIstz] 1%k /71 B=vl 71%8F Photo-ATRP+=
Miyake Q7+ Z80] 25 20134 H 22 B aw]Qict? sl
(perylene) & F=uli2 83519 ethyl a-bromophenylacetate
(EBP) HAJA] 27 3ol A methyl methacrylate(MMA) 2
ATRPE A3 AHo =2 _'_oﬂo}— AT} 0] =ATE =3} 3A o]

O

N

3% solg

el o] =2 3 283 U2 PDI k2 7+3dst7] sl o2
7Y v7] i ’\V\E“Oﬂ gk A7t H_]_Q et A&
£9], Fors 997+ 253} Hawker 917+ 252 10-phenyl
phenothiazlnee F2uj= 85t methacrylatevﬂl ot
ATRPE 48 31903, Miyake @7 TEolMe HIST 725

7Rt 7}/\]%15_,5:’,_ t] &3P 02 F4:51= dihydrophenazine S

A
0
O
N-phenylphenoxazine
Amax, abs = 318 nm

€max, abs = 8,040 M cm™
E” e =-2.11V

Amax, abs = 388 Nm
€max, abs = 26,635 M em?
E” e =-1.93V

a8 2. (A) Miyake &5t 2F0IM 7HESE phenoxazine 7|8t §7] &=
Mn2Z} PDI(D) B2 12
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2gstol Ygons aHoR 23 PHS WPste
FEo) Al2ES st Y2 PDI(D = 110 ~ 1.30) &
7= 2 BAE A o= stk !

©]% Mivake 917 1%@11 ME 7IAPdATE E-85h= Photo-
ATRPE 19t 249] 7] 3Z0l #2325 phenoxazine ¥AHE:

Z-&sto] 11]?_}0]',\;\‘:}(1%] 2)." g AFo|ME ojm]
Photo-ATRP ¥h-3-/do] €&l M-phenyl phenoxazineZ
7IHto 2 1) 5= AJefof|A9] charge transfer (CT) &/d &HE
2) |t 8 TP (Amaxars) = 7HAPEA TPF FACE o]
3) S AJelollr ] TR e A8 BXE S0 129
AMIE 2% (fine tuning) < AT 24, M-phenyl XIS71E
MN-naphthyl 218H|2 274510 HOMO= phenoxazine S41%-
(core) F-Eof LUMOE N-naphthyl X|$t7]0f| 9125 =2
FEom, o]= Ak Al (triplet state)ollA T SOMO2]
B2 HE] ERIF 4= QAT H 2). E= =] CT B4
=Y 2 Al Zo t gZl of|A] YEp
Z4s (metal-to-ligand charge transfer, MLCT) &
Ly A @A 3 (excited state singlet) = o]
3} 70| (intersystem crossing, ISC)et 71 &%
JER 8+t 4= Qlth 0]% phenoxazine 4] 20|
2712] biphenyl X215 712 =Ustod vE A€ (ground
state) oA 9] 2o 38 TS 7RG o8 o5 AR o
(318 nm — 388 nm), &8 && T3 FIAIZ 4+ AU
(Emaxabs = 26,635 M! cm™). 7HA1¥ phenoxazine 871
Yo o He] 2o Szo] S A 3YeS 9A|FF 5
ASE FRIF O (£ = -1.93V), 7HAI B4l sidshe=
WA T ED ZAF 2740 A] diethyl 2-bromo-2-methylmalonate
(DBMM) & 7HAIAIZ AHESH= MMA®S] Photo-ATRPE
SR e o 2 S0l 7Hesithes A =3 IR
(D=113~131) (2 2).

Kwon @+ 152 Kim Q4+ 25, Gierschner 2+ 253t
7 Photo-ATRP && 32 9%t cyanoarene A€
B7] 20 32 A5t AFE AYPsiIoHad 3).°
Donor-acceptor (D-A) 29| donor®} acceptor 2%&
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Ph. _Ph : M
N ; EtOMOEt + e\H)kOMe
NC CN : Mée Br
. (200 equiv)
Ph<y n-Fh : 4-DP-IPN 6W
I : (0.01 mol%) | blue LED
B ;
' o}
4-DP-IPN -
: Br Yield = 75%
Amax aps = 45810 4 EQ h M, = 24.2 kDa
max,abs = 13,900 M em! Me” M CoMe "pZi a7
EY =141V 3 Et0O” ~O

37l 3. Cyanoarene AH/E |7| 22012t MMAS| Photo-ATRPO{|A{Q]
e 13

HSIAF| ZF -zl thef Pekehd B3t A 718
EE ARSI At AlRste) Ate] Wejo g shHgjor
T2 B4 Atol9 IS EUIE cyancarene A€
T2 AR 24E g6t oY
% diphenylamineg donor® 7R |&= cyanoarene(4—DP—IPN)0]

.- &2 Photo-ATRP %W < Y= EE0E ERI=IIch
%8G (blue light) & & F45t= §4 (/lmax,abs = 458 nm,
Emaabs = 13,9000 M cm'l)d—} 7 E= e (7= 28 ps)°ll
o], mj¢ A& o] 4-DP-IPN(0.01 mol%, 0.5 ppm
for MMA) O 2% MMA2] Photo-ATRPE: 2|1 %3} ¥} o=
A3 2 9JoITH (1 3).

3+ donor®} acceptor 23}

2.2 87| BAHE o183 PET-RAFT

L3 ARE A 7 -5l 3ol sl 2 S3
Z13835H= RAFT (reversible addition-fragmentation chain-
transfer) Z3e TEnj A|AElS gh85} lr)z A TS
=Q5to] 21g% 4= QITHF 4). Photo-ATRPe} HR7 |2
RAFT THIAA B ARE FTHA Q] SR S S Bl
SAS7E dojy g 7| (Pye) 7 FA=H, o]
UubA Q1 RAFT 7HAIAIQ! thiocarbonylthio & H] 2L A]
Ue 3 A4S 7HA]7] Wi (-0.4~-0.9 V) $L5HA
SET 34o] Lol 4= Qlrk™ RAFT HH(RAFT equilibrium)
A2 8 @A J7F 3HE AR SuE S
(Posm)7F BZmlol] Qs A4S} ElHA vjg/d3t7t =
) 39} 3}go] ojojtHad 4).1°
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% 4. PET-RAFT]| OfIAHLIS.

s A]-EH 3’—1—31:1]-]9] XJ]Z]— ]\—‘:{]— J,]-7d o7 Z]i‘%]ﬂl: PET-
RAFT (photoinduced electron transfer-RAFT) Z=F2 Boyer
AT g0 o3 M=A o= Atk Ir T Ry 7|7t
FEANE ARGt 22 59 B4 PSS UEUE
RAFT AZS Auksla 2jd] Z3}o| 7153818 Hojrt oja
25 FME A9 AP%W %+ PET-RAFTE #1517
el ot 571 S E 85h] AR, 22 AT
aFME B3 *“ii g2 #&8E= Eosin Y(EY)7}
PET-RAFTol Z3k3t 7] FE5m= &80] 7Hsd=

.ﬁLEﬂ oﬂ]:]— 16
o]% Boyer ¥t IFL Miyake It 15, Xu A7t 223}
S EYZ H]E3t xanthene dye(Rose Bengal, Phloxine B 5) 2]

B354 E293t PET-RAFT §H8/d Atele] #AE Tlefsiod
MEL xanthene dye(H1)S FAFHIH 5).'7 EYoll
EAsts BE2X1(Br) A7 o]y () o= HptaL,
Z7FA] phenyl 218710l 7H4Q1 B 291 28715 U3
1 A}, Z2QAAF 23 (heavy atom effect)ol] 23] 5= Abe]
H19] 453 FAF &-&(triplet quantum yield, @1)©] B]9F
Ao g e Bk oflet 2o F4 2] AA ol
(red shift) &} S4= S7H=e UERT ol=3t B4 Ald
H12 53] ¥4 Yol oIl AtAE A Ash= dloll=
BIAR BHE HoRQloh 53 A A4 AlA dAE
AEksla NN'—dimethylacrylarmde(DMA)-J PET-RAFTE
Igsttiete A7 ARt o] Fol F39 Ip7go] Z/dARl &

2188 =lom, gy F3to] doju= A F=3F %}?_]0]',\;\‘:}
(D~1.05) (3¢9 5).

rNo

C
N, - R )
O ONa 1.5 N ()”llt’gll.\.\(’ll 4 A\ln.u\'p (nondegassed) |
= = Degassed X 16,0001 2 Mw/Mn (nondegassed) 1.4
[e] 5= =
= = ®  Mh.exp (degassed) L
B ~ B tc 1.01 ) E 12,0001 o Mw/Mn (degasse, 1.3 SS
= 2 — Mnth - L2 =
o o ONa = X % = 8,000 -
Br Br = 0.5 14 min = 000 a . o
Fosin ¥ AP =0.012 min! ’ o ‘g 6|
Amax, abs = 540 nm Amax, abs = 963 nm 0.0 - . 0 . . . 1.0
€max, abs = 87,800 M cm”! Emax, abs = 97,300 M om? 0 30 60 90 120 150 0.0 0.2 04 06 08
O =0.28-0.32 O =0.82-0.90 . .
E%e=-126V E” e =-1.02V Irradiation Time (min) Conversion

37l 5. (A) Eosin Y& 7[gte2 AEA g4st H19 229t £, H1S 25t DMAS| PET-RAFTS| (B) bk

£ (O) M2t PDI 22V
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B 1.4] = Shielded by pork skin

B

£ 06]
Ph Ph Z 04]
RTPP 0.2]
2
Amax, abs = 740 nm 2 4 6 8 10 12 14

€max, abs = /,404 M em™ Exposure time (h)

1% 6. (A) Zhang ¢ QE0IM BHISH RTPP 7129t &otstd £4
(B) Pork skin(1.7 mm thickness)Of| 2J5f 7t2421 EF2A0flA RISt
MMAZQ| PET-RAFT.'®

Photo-ATRPol| B5]| JtiiAoz U 2kl ‘o= QI
Fapge] WoluR|E &85 4= Sl PET-RAFTE Fat2o]
£2 FAHML(Far-Red) S T3t FEZUE vz
23e 4 itk Zhang AF IEL HEZledzzd
(bacteriochlorophyll) &0l @7+ Wrol 333t reduced
tetraphenylporphyrin(RTPP) & #FZuj2 ARESto] 740
nm LED At 271014 MMA®] PET-RAFTE d54 o2
SHHCH Y 6).'° TR2 PET-RAFTSF 5251 21 Z3o]
7FeRom (D < 1.30), FAMZY] w2 Fidoz Qls)
pork skind} 22 ]| 22 02 7t BEG Aol A = o] %3]
g Hhso] avtAo g sl A Alste] A&
Al2ElojlA 9] PET-RAFT &8 7FsAdS AAIBIITH 1 6).

0|23t Cationic-RAFT
o 2j S & FAd5taL o|2HE
3 = A o|Qol], Fol2 FHAE
FAgoto] £3 FHE FEdste A= 7hssith ol
Photo-ATRPY PET-RAFTSR= @8] 7HAIAIG LEAF AR
S SRR AR S Bl ARE /33T Loy,
o|% 3/d% o Fol(radical cation) 27t 2z
o]&7](radical leaving group) 2t Fol& 142 EalHh
THEAQ oJlAIQ] Cationic-RAFTOME Tz} Alst b o] %
thiocarbonyl group®| 2Hi o|&7|2 A|AE| 11 ol FIHA|
(P, )7t A=l o] TedAle] ol Foto] FPHTtY o]%
FZafol] oJ3t AR IO THAL ARE FXHAH HIEds)

Z
vatio
z

N

Pt

L h PO
7 Act
¥ SET
PC
n+m

Pn—S .
X
i n
Py,—S
P
Deactivation

SET +)M
Prim=S” "Z P Pn—S)J\Z

Cationic-RAFT
12l 7. Cationic-RAFTQ| BfIAHLIZ.
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+ O
Conversion(%)
(2] [«
=] =

IS
=)

p-tol” “p-tol
20
Amax, abs = 417 nM 0o 40 80 120 160 200 240
E =202V Time(min)

13l 8. (A) Liao A7 IE0lA 7§t bisphosphonium 37| ZZ0j
(B) 7! dark period(150&) O|% IBVES| Cationic-RAFT HH4d 22

EHA 28] o] 23 (living cationic polymerization)©|
O] oIty o] =S Bl 2l 7t 55 abdo] i ez
L Aol el 32 2133 = (nucleophilicity) & E-&5h=
Fole £9+S F2uf A|AeS Tgsto] FAT 4 Ik

Cationic-RAFT®] £/J3} 3H7gol| A a3t A} Ak}
IS 215t SJsiME S5 e Alsto] =2 =7t
st (£ > 15V), thEA]] AIAI R pyrylium AlE 771
F=E07F ATk Nicewicz - LFNAE 2,4,6-tri(p-tolyl)
pyrylium tetrafluoroborates §7] L=ZmE ARE5to]
4-methoxystyrene®| Cationic-RAFTE F+&3lon, oluf
methanolS chain—transfer agent(CTA) & E-834ch? Fors
AT AFoIME Bl7 L29] {7 F=1lR] 2,4,6-tris
(p-methoxyphenyl) pyrylium tetrafluoroborate S &350
Cationic-RAFTE £33t ?! thekst vinyl etherFoll s,
2 PDIoF 24 7F53 BAFRF (M) °] et 28 F9
wh&o] 7hs ke ERIFT

Liao ¥ 1E0A= bisphosphonium salt 7]9Fe] §-7]
FE0)2 3ot} Cationic-RAFTOl -85t 8).%
7129 pyrylium salt 571 ZZ7F 7FA 2 lE RHAIER]
2 8305, Y2 long off period 248 5-& FE3}17| 93,
ol (stacking) ©] &g FHY Fol2Ad L2 E 7HAIH
=2 S A ASHE (£* = 2,02 V) v Ae) 3hel™
= -0.69 V)< Uehd= 771 Z=E /LR AMEA
A3t Z=0ll= isobutyl vinyl ether (IBVE) S HIZ3t thefst
vinyl etheroll THsiA] Cationic-RAFTE E3t 2] Z3lo]
7Feglom, RAETHE /4d3s] 11 dark period(150%)
S Qo = off period controldt A3} (repolymerization)
S4E A/ Pyrylium 20E &3 A 571
Zojjete] wlmst AF-E E3H, bisphosphonium 371
Zuljo] EAAQ BESAS 52 BT AJE AletEat e
SE] SdElol] 713 wkE E/dsh-n|e/d3) &= Aifehs

AL BT,
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12l 9, Photo-ROMP2| H|FHLZ

polymerization, ROMP)2 FH&Ru), E2/ETd(Mo),
BHAE(W) 7|Hke] E13) 2ol (metathesis catalyst)©oll 2J35H
o 7] L 2720 ﬂzﬂﬂoﬂ 9J3}| ui7H=]+= Photo-ROMPE= %13
o2 HAUESS &8t (a™ 9).% Cationic-RAFTS}
FAHA B8 4 EH Zo = JHAA] T SLEA} AFEO
A} 4SS fHURi ofu) o|F Zde] ARHEE At
sh7E AlAE 0] 2z ol FHAI7E A=, olF
A Ad 47 dFAeke] [2+2] ad] H7F RES
(cycloaddition) ©] Z138=]0] cyclobutane Z7HAIS FAISHCL
g A= 0J3ds] AR} shut B3¢ erfd gol0]7]
wfjizol] w2 12 A (ring opening)©] XY=, o] IS
B3| <A A7 ROMPR] HEZ L2} AREof H71ETh
gol Q= F=uloll oJaf e gol 37t vig gt
EHA HAA o 2R F3F AAo] o] Fojxict
Boydston 9+ 152 2| %2 Photo-ROMPE E.15HH
ATARQ kS Pk 2 29) metal-free Photo-ROMPE=
Cationic—-RAFTOIA = &-&E|QH pyrylium saltol 2,4,6—
tris (p-methoxyphenyl) pyrylium(p-MeOTPP) & 7] =2
ggsto] AU 10).7 §iF 20ije 5o 5=
Abe] ESHE (B = 1.89 V)2 71)7] mjo] 22l 2-87]o]
A 418 I & e o g FiUst 4= Q) ojw HAt
ZH2E GAR] vinyl etherE 7IA AR ALRSS10] =8 SRt
Aret g B wiE JiA] IS fERler, norbornene*‘
A= 2-8sto] 32| §2(ring strain)oll &J3F 2] &
H AS BFdE o1& Photo-ROMPE 2133 JEP
BIPAHRI F3o] XY= o), ohE FEaiA F3 Z=kol|
Hlﬁﬂ 1iving character”} BojAl= 7380 ERIEIATHD ~ 1.6).
AN T A+ 2F2 EE A Aol o U2
thlopyryhum /7] FZuol tisiA 3 2&o] 23]
&eote AaE ERIFE], ol= ZHAIAIQ! vinyl ether,
WA, 12| A EA RS A St E 7| AL Q)7] wiEol]
e 4> Sl THiFeH(over-oxidation) 42 2Alsk=
a3k2 e 4 I o Yozt @<=t norbornene®R Nt
oluz} dicyclopentadiene(DCPD)oll THaiAI%E Photo-ROMPE:

oM
ox
rie

Me X OEt ., Ab

(97 equiv)

p-MeOTPP

(3 mol%)
Amax, abs = 455 nm

! Yield = 67%
! M,=158kDa Me— OEt
a ; D=16 n
E” =189V :

121 10. P-MeOTPP| 22} vinyl ether 7HA[HIS 285t norbomene?]
Photo-ROMP.?’

‘ blue LED

p-MeOTPP

2188510 poly-DCPD ‘34 o2 I/d3ler, olF "ol
o] Ao tis] thiol-ene ¥FSC.E cross-linking71A] Z18jo]
7Fs3HS AlIsIT

bl A=Y (o]
Q)= 9] BEujs} ol 59| thEAl 53 vzl Tl
astagieh %%UHOH 91611 %J'F%*H% e syl e
gyt
9% 9itt HgHo=m
P%Q‘; —:aL: B3 57 J*EUHE whAstel 2

B EX| ML thokst A} 3 aolA &8E 4

—?——5'40]—0:‘11]- uo%y_r:}E, o=t ¥ke/3 7Y JJrZ*oﬂ Al Aojxl
97| stznjjo] skA] EX} 235} Uk A Alo]o] AR qu]oﬂ

Tigt 2|42 tha Althe] 771 3=l TRl F-8

!
r=

5} oj5te

|

hnE==1

& Zlolt.
oro §7] BEulE BESHE TEAL YA AHe] WHS
H“HHL BT} AIR Q) TAolA el vt BeF Zol)

ET-RAFTOIA A& B % E AR A S, u
:quﬂ"* (near IR, NIR) & &-&31= /7] Jé B Al
7H‘:”"P°4 U] &2 B2 7[R NIRQ] 0|32 ZiSIAlACk

3 Flolth. w3 484 VoI ALEH 5 9l Sol=at
MRS A 7] BEWY ALE F23 AT Folo]
9 Zoltt, olef AT FFHL F4S W AHGHA
reths §7] W0l ol1e EvjE, 330 A
A2E Yol o] BapAQl nRAL g WS A 4
942 Zlolct ¥
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