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Chem. Soc.

_AGOET

3
3.1
3.1.1
_AGOET
ker = T 2 V. 2 ox
AksT| R
A
K
log A _AGOET
log A ~AG
-AG cs (CS)
4a,b A
(©s)

DNA

(Charge Separation, CS; 4a)
Charge Recombination, CR

(k1)
@
log A
4b
AGCet + 2)?
e @
B
AGOET
h 4
A A
ACy A
(CR)
_AGOCR
(CR)
4b



A D-A
() (b)

€

*/—\ Asmall
-
Charge Separation (CS) A
A L arge
. \ -
cs o+ VRN °*—

Small 4 |:> Long-lived CS State

|
Y

hv
AGOCR 00wy |
ker slow CR
Charge Recombination (CR)
0 —AGOcr
—AG% eV
4. (a) b
-AC A
3.1.2
(JACS, 2002, 124, 10974) 233K Zn(T(t-Bu)PP) (T(z-Bu)PP
= 5,10,15,20- (3.,5- -t ) )
Ru(bpy),** g = 2.0027
[Zn(T(£-Bu)PP)]"* ESR ESR
(AHe) Zn(T(t-Bu)PP) ESR AH
AH,, Zn(T(t-Bu)PP)
(40
(A/-/obs;t)
Ah{)b;k
V4 5



ENTIEBGPP & Aol | R FR™

. —— bR
!
-hHpy .n'r
{ J":ﬁ‘
|ZATFEUIFP o7 (-Hui =]

5.
124, 10974)

JACS, 2000, 122, 4286

INTEu PP « ZnT(ABuliPP

[En T B PPt ZnT(HBuPP]

o= 207
136
*’II MG
ta

M= {’"5 B

B
ZAT{HBUI PP

(JACS, 2002,

JACS, 2000, 122, 563; JACS, 2000, 122, 2236; Chem. Eur. J.,

2003, 9, 1585

C60
9, 1585
11
10
ee)l 4
9
6

6

Chem. Eur. J., 2003,

12
10 91210

ez

0.2 0.4 0.6 0.8
—AGC,, eV

log k. vs —AG, , Cq (), Cy () and C,y (@)

Chem. Eur. J., 2003, 9, 1585

1.0



3.1.3

(Znch),
(H,Por),
(H,BCh)
(Co0)
JACS, 2001, 123, 10676
N Me
Me N—Et

12

(ZnPor),
(H,Ch),

ZnCh-Cq,

| Og@i@; ° odﬁi;
Rleet e

Et M=12Zn (1, chh-c60)
=H, (3, H,Ch-Cg)

M =Zn (2, ZnPor—Cgg)
= H2 (4, HzPOr—Cﬁo)

10

M= Hz (6, HzBCh—Cﬁo)

0.4 0.8 12

—AGOET or _AGOBET, eV

16



ZnCh**-Cy,~

ZnCh™-Cgy™~
@ 7
/(BET
CR

CR

CR

=230 ps (298 K)

-A GOBET (CS)

CR

CS

Ar=

£=0.77 ps (298 K)

JACS, 2001,123, 2607

Angew. Chem., Int. Ed., 2004, 45, 853

=330 s (278 K)
Org. Lett. 2003, 5, 2719

(d) Ar, Ar
Ar Ar N
o
N7 O Ar Ar
Ar Ar
ZnPQ-AuUPQ*

=10 ps (298 K)
JACS, 2003, 125, 14984

[0}

(CR)



ZnP"*-Cy,~
8b
8c,d
(Fo)
(ZnP) (HP)
Ceo (Fc-ZnP-H,P-C,,)
%9a ZnP H,P
H,P Ceo ZnP HP* Fc
ZnP™* Fc" Gy, 50
( ) CR 0.38
0.53

Fc-Zn P'HZP'CGO

(b) hv hv

e Ar / Ar \/
N
=
Ar Ar

FC'(Zn P)3'C60

9. 4 (a) Fc-ZnP-H,P-Cqy; (1)-(3)
(@) JACS, 2001, 123, 6617



(b) Fc-(ZnP),-Cs, (Chem. Eur. J. 2004, 10, 3184)
Fc-1ZnP"-H,P-Cqp

p 2.04 eV
kENi (2.04 ev)

Fc-ZnP-1H,P"-Cgy(1.89 V)
—_—— KeT(cs1)

4 \‘ Fc-ZnP-HyP™-Cog™

(1.63 eV) \kET(CSHl)
'y Fc-ZnP**-H oP- C@O'_

hv KeT(CR1) "

KET(CSH2)
@aey) N\ Fc*-ZnP-HaP-Cog™

KeT(CR2)

0.4s
KeT(CR3)
¥
Fc-ZnP-HoP-Cgo
9b
3.1.4
QA Q Qu
Qs
CH,CL, IR
(B3LYP/6-31G(d))
(UBLYP/3216)
ESR
ESR

10



A Control of a Structural
Scaffold

—_ \
n=3,6,10 H Control of Redox
Reactivity of Quinone
1 ps (
3.1.5
€)) Vv
Fe(bpy):* (bpy =2,2’- )
10a
(JACS, 2001, 123, 11331)
Fe(bpy)s*
Fe(bpy),™
Fe(bpy)s*
Fe(bpy),; *
dD)
10b

11



k)
_ﬂ |-
A
k
&
B
-'E i A L
Li] 1 2
—ﬁﬂ]“- L
10. (a)Fe(bpy),> (b)
Fe(bpy),*

(1: Fe(CH,COCHY),, 2:
10-methyl1-9,10-dihydroacridine, 3: Fe(C.H;) (C,H,COCH,), 4:
1-benzyl-1,4-dihydronicotinmaide, 5: Fe(CHs),, 6: Fe(CHMe),, 7: Fe(CMes),,
8: Mn(CMey),, 9: Co(CHs),). a: Fe(bpy),*-Y Ru(Me,bpy),**
b: Fe(bpy),*-Y Ru(bpy),* (JACS, 2001, 123, 11331)

3.1.6

12



ESR A 0.30 eV

A

Ph A=034eV 200 © 0286
00— 090 IR
il 3.00 H N\
@0 QR0 w e
Me

EXP. W
e - % “'H”-l-"‘_m | l,*“’ww
I !li"||l| _IJ_' ||‘Jﬂ I
W N"' i
SIM Wh ‘Ill ”””[[U ‘\“
AH =022 G ' Irl\‘l .
i = [[i I.N“! ||f| |
J. Am. Chem. Soc. 2001,123, 8459 ]"I‘

11. A 9- —10—
ESR
9
9- (JACS, 2004, 126, 1600) 9-
-10-
12a  HOMO 12b  LUMO 12c
2.37 eV
77 K

13
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SN I""-.I'r"""]""l-r'"
! |

r‘:"h-._:i,ﬂ‘"\if.-' H‘I;’Lk
iy,

¥
i}

()

10\.

n{kger/T. 57" KY)

20 30 4D S0 6O
1P T K

12. a 9- -10- X b
HOMO (c)LUMO d
JACS, 2004, 126, 1600

13

(1.5 eV)

ESR Naph-AQ (  13)
(DMSO) AQ 1.7ps

(Naph™-AQ™)
ESR Naph-AQ

14



Q*Q aves OO Ol <00

Ph-Q Me3Ph-AQ Ph-AQ °
) o O o s
SLRCO SRR GL e o
H
Naph-AQO An-AQ 0o
13.
(-AGy = 1.97 eV) 263 K DMSO 71's 403 K
DMSO 3.3 1ms ( 3)
DMSO  0.63 eV
Naph-AQ

Naph-1(AQ)* (2.85 eV)

AN 0.34 ps .
Naph-3(AQ)" (2.45 eV)
1.7 . o
ps Naph™*-AQ™ (1.97 eV)
hv Naph-AQ
7lsat263 K Y o o
in Frozen DMSO N
H
(6]
3
3.1.7
NADH (BNAH) (HV®)
4, J. Phys. Chenm.
A, 2002, 106, 1903
BNAH HVZ
99 85 kJ mol™

15



ZnP-C60 CGH 13
H H

+
CONH, BNAH ‘ hv HV oS
|| 057V Y | P

N v o (10,7,
I|32 ZnP™"-Cgy N
0.71V —0.67V | P
BNAH™ HV2* N+
042V CeH
ZnP™*-H,P-Cey™ o
0.67V -0.67V
4
(JACS, 2001, 123, 335)
Hv?*
Hv2

BNAH
5,J. Phys. Chem. B, 2003, 107, 11986

Ar

O=ArNHCO T = Hv®

Q2238 P Q, 2288 P
n S ARLSS e
W\I‘SS: -gmo [ vV -Swnnn D

OJ“J Y D I LTSN

BNA* ’ f? Q
H,PC;;AUMPC H,PC;AUMPC/HV2*
S\
BNAH"*— BNA’
hv
BNAH
H,P**C1;AUMPC K 'H,P"C1;AUMPC/HVZ
HV™
5

16



Acr‘—Mes

Acr'—\Mes
6,
JACS, 2004, 126, 15999 Acr'—Mes
(An-0,)
An-0,
Acr'—Mes NADH
(: 1 Acr*-Mes*
1% - CEO
" - O
wAghgdee Oy oCe
D..‘..u-él,'l
" oo ° Acr*-Mes Acr-Mes
H H_ OH o 0
2
o — — -
H (@) 0]
O
* 20 (L1 o,
O
6
3.1.8
Sno, (OTE/Sn0,)
10- 9- -10-
Mes—Acr*—COOH Ceo
Mes—Acr*—COOH 14, Org. Lett., 2004, 6,
3106 Nal 0.5 M 1, 0.01 M
CGO
IPCE (incident photon-to-photocurrent
efficiency) 15 480 nm
(Mes-Acr*) (Mes)
(Acr?)
(Acr) Ceo Sno,

17



oT

OTE: Optically Transparent Electrode

14.
15 - (Mes™)
;7 Pt
15
Mes-Acr*
-0.6V
A Mes™-Acr*/(Mes-Acr*)”
0.3V /
02V Mes-Acr*/Mes-Acr’
Ce0/Co0™ /
74 05V
oV Enhanced Photocurrent hv -~
by Supramolecular I3/l
Charge Separation
hv
VB
1.8V i
LCGO.- 20V
Mes™ -Acr*/Mes-Acr*
SnoO,
vs NHE
15.
Mes—Acr*~COOH Tio,
Tio, Mes—Acr*-COOH Tio,
Mes—Acr*—COOH (Mes-Acr'— C00-Ti0,)
((Mes—-Acr*—CO0-Ti0,+C¢y),)
0TE/SnO, (OTE/Sn0,/ (Mes—  Acr’-CO0-Ti0,+Cy),)
16 TiO,

J. Mater. Chem., 2005, 15, 372

18



Pt

< Acridinium Dye O Cgy (O TiO, Nanoparticle
OTE: Optically Transparent Electrode

16. TiO, Mes—Acr’~COOH
OTE/SnO,

16

Adv. Mater., 2004, 16, 975 TEM(
)
[(H,P-ref+Cy),] [(DsPs+Ce0),]  200-300 nm
(OsP*+Coodn

(0TE/Sn0,) 500 V
[OTE/Sn0,/(D,P,+Cso).]
Nal 0.5 M 1,0.01 M

OTE/Sn0,/(D,P,+Cso) s OTE/SnO,/(D4Pz+Cqo) s
OTE/Sn0,/ (H,P-ref+Cq,),

17
C
OTE/SN0,/ (D,P+Ceo), IPCE
15 % ( 17a)
OTE/SNO0,/ (DysP16+Cey), ( 170)

19



H,P-ref . a
DgPg

<
e

16.

OTE/Sn0,/(D,P,+C), 6.2
mW cm? (FF) = 0.31 (V) = 220
mv (1) =0.29 mA cm™ () 0.32%

[OTE/Sn0,/ (H,P-ref+C,,),] (0.035 %)
10

20



18

12

IPCE, %

h Z=00m
LTT YA
e T T T T T T e e T TN AR

AP v V]
400 500 600 700 800 900 1000
Wavelength, nm

17.
(a) D4P41 (b) D8H81 (C) D16P161 (d) Hzp‘ref
IPCE
18 (JACS, 2004, 125, 14962)

(Primary Structure) H,PC11MPC; Secondary

Organization (Ceo)

(H,PCnMPC+C,,; Tertiary Organization)

/ =3/1
((H,PCnMPC+Cyy),; Quaternary Organization)
((H,PCnNMPC),)
((H,P-ref+Cq),
Ceo 300 nm
(H,PCLIMPC+Cy),
C60
(H,PCLIMPC+Cyy),

21



Primary Molecule Secondary Organization

e

I sSs
O/V\A Au -
~NHCO—(CHy), SH
(n=5, 11, 15) %

Toluene || H,PC15MPC (n=15)
ey H,PC11MPC (n=11)
H,PC5MPC (n=5)

Tertiary Organization
.

MeCN/Tol
=3/1

(HZPCn M PC+C60)m

18.
(JACS, 2004, 125, 14962)
OTE/SNO,
OTE/Sn0,/ (H,PCMPC+Cy.)., 19
Nal 0.5 M 1, 0.01 M
H,PC11MPC
Ceo
IPCE Ceo
IPCE
Ceo
H,PC15MPC o
TT 20a 20b
Cy  TT OTE/SN0,/ (H,PCL5MPC+Cyy) .
11.2 mW cm™ () =0.43, (. =380mv,
(/) = 1.0 mA cm™ @) 1.5 %
0TE/Sn0,/ (H,P-ref+Cq,),
(0.035 %) 45

22



Pt

< Porphyrin  Q Cego

OTE: Optically Transparent Electrode

19.
JACS, 2005, 127,1216

1]
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3.2

3.2.1
D
AC, pi
D
(®©@) — Q.
Q )~ 00
\M ‘
7
C
3.2.2
0,") *

24



ESR 02— a, AE
Chem. Eur. J. 2000, 6, 4532 0,”

(log k) AE ¢ 20

i)
H]I-
rBu,Eni 0T}
- & I i
T (GaFablindey e
TE Lp™
i : PhyBnCl, e
-E Dy Bnke0 j'r
3 2 [k
g
0 |
Ba®*
-3 i i i
0.4 0.6 0.8 1.0
AE eV
20. CoTPP 0, n (log A..)
T AE (J. Org. Chem. 2003, 68, 4720)
AE
Sc*
10-

(2), JACS, 2002, 124, 10270

O- --Lewis acid

(6]
. h
I wowsees === CL I, .
) w
Me

|
Me

Angew.
Chem. Int. Ed., 2002, 41, 620
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(Fc-NQ)
(SC3+, Y3+, Eu3+)

ESR
8 ESR M™ NQ -

M+
FC-NQ i FC*-_NQ* /M

Fc-NQ == NOET

First Example

Fc*-NQ"/sc®*

K
0 7
Fe
— <=
CH t'
(s :, a(lH)=1.80G
o} 173G
—O 0.60 G
020G
0.10G
a(3H)=0.70G
Hpg =035G o- a(2H) =0.09 G
» a(2H)=0.04G
Fe-NQ a(sc)=257G Sc°°
Angew. Chem. Int. Ed. 2002, 41, 620.
8
Fc-NQ

JACS, 2003, 125, 7014

K=0.6-5 ™

9, JACS, 2003, 125, 12426
1800 M

p- p-
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""‘ n E"I n
f T
__ij'u . \;’
| - . ", .l“ H':i'—.-':"-—
Ty b —_— | g
r'_%:"- H-Ty2 H Eu-ﬂh
CHIIOEP Fi

- , ¥
IR F \im Joy
K z . N

u E e r{:}_ﬂ r? r\-"*r..,
.-’/jr = -g_?-'-u F AL
F, F. P 1

(FA0:™  Cadllloer

9
Ir(ppy); (ppy = 2- ) P
@ Sc(0Tf),
Q") sc*
Q Tt Sc
1:2, 1:3 JACS, 2003, 125, 12090, 21
9 SC3+
Ir(ppy)s @ [Ir(ppy)a]” + Q'~-nSc3*-Q
o Q (n=2,3)
@
(a) 298 K (c) 203K

() (d)

SI!MWMM sim.

H,__H
H

H H 25¢3) =150 G
'O—G?_'—Q‘ a(25c%) = 112 G 0—<=>—0- )

i ! : 3+ —

Sc3 Sc3 a@H) = 1.12 G seor M gear H glar A(5ET) = 075G

: H ! ' H_i_H | a@BH)=150G
H

L ]
=0 AHpg=090G
O=S=g—0 ~m © *—O AH,,=075G

21. Sc* Ir(ppy)s Q
Sc*  1:2, 1:3 ESR
(JACS, 2003, 125, 12090)

27



Q Sc*

3.2.3
(Fc-Q)
10, JACS, 2003, 125, 1007
(Fc-(Me)Q)
Fc-(Me)Q 1
Fc-Q
o [e) —|+ o O— MmN+
= ) e W\@
Fe e Fe Me O
= =7
Fc-(Me)Q
10
Fc-Q~ ESR
Fc-Q™
Fc-Q
Fc-(Me)Q Fc Q
AE
21 Fc-Q Fc-(Me)Q
21 1
0.24 V
Fc-Q

28



a
H]I-
By Sni 0Tk
- & I N
T (€aPabylindey
7
-E Dy Bnke0
gt m.m.ﬁn\
8
0 |
Ba’t
-2 i i i
0.4 0.6 0.8 1.0
AE oW
21. Fc-Q c-(Me)Q log A;
AE JACS, 2003, 125, 1007
(JACS, 2002, 124, 6794-6795)
Lo- ) (NQ)]
DMSO
11, J. Phys. Chem. A,
2004, 108, 10405
no Salt
hv inDMSO NHPFg H,P™ + o~
w @ Stabilization
~ -+ -— +
H,P* Q H2P™ + Q™/(NH4")2

no Salt

L Ar (0]
iw Q Stabilization
0
Q HoP™ +Q /NBu4
11

HoP*

(CH,CL) 3
( 11)



Q"/NH,’

Q"/(NH,), [NQ"/NH,” NQ™/(NH,"),] ESR
20
3.2.4
AG,,
1- 2-
Mg?* 440 nm
(JACS, 2001, 123, 7756)
n,m
T,
2- 0.9V
Mg 1.9V
2_
Mg2+
SCS+
R-M
R-M -Sc*

12, JACS,
2001, 123, 7756

30



ET o
'Ec,:ll
Iy ” r! ‘_{
o S
[} R-M
|
A\ A=0—0 W
+ St I-B:a"
0
A
12
(JACS,
2001, 123, 8459)
3.2.5
(ZnP-NIm)
ZnP™-NIm™ NIm"™
1.3 us [Sc(0TF),] 14 us
( 13, Chenm.
Eur. J. 2004, 10, 474-483) (5¢*) ZnP-Niim
1ZnP*-NIm  (2.12 eV)
O ON,nCsHla
0.29 ns T YO o
0>\/“O T
ZnP *-NIm S (1.33eV)
431 nm -_— ZnP-NIm g¢3+
h 2.5ns
14
1.3 ps ZnP *-NIm S/Sc3* (0.80 eV)
[Sc3*]=1mM
ZnP-NIm 14 ps
13

31



2004, 126, 56) Fc-AQ

Fe-1AQ*

Xsoo fs

Fct-AQ™
ho

12 ps

Fc-AQ

500 fs

Fc-AQ

83 us

83 pus

3.2.6

126, 13922

Y(OTF),

(Fc-AQ)

( 14, JACS.
AQ
o o
Fe-IAQ*—Y(OTf), ?‘@'H
Xsoo fs < reAQ 0
Fc*-AQ"—Y(OTf), Y(OT)s
ho
83 us
Fc-AQ-Y(OTH);
14
12 ps
[Y(OTF):]
Y(OTF),
14
12 ps Y(OTF),
700
« )
22, JACS, 2004,
ZnP-NHCO-Q

ZnP-CONH-Q, ZnP-NHCO-Q

32

ZnP-CONH-Q



50 8 ZnP-CONH-Q + 400 pM M™
m ZnP-NHCO-Q + 400 uM M™

Mg?** Ca?* Sc¥+ ¥¥* La®™ Eu Yb* Lu?* Fe** Fe” Co* Cu** Zn*

22. 8 400
pM ZnP-CONH-Q ,ZnP-NHCO-Q (3 pM) 610 nm
(11); PhCN; CF,050,7 (Ca*, Sc*, Y*, La*, Eu*, Yb*, Lu*,
n*), Clo,”  (Mg*, Fe*, Fe*, Co*, Cu?®) Ph-CONH-Q/Y* ADF ,
Il (large)
« 22)
ZnP-CONH-Q,
ZnP-NHCO0-Q
3.3
3.3.1 SO0D
0
0, (S0D)
SOD 0,”
SOD Cu,Zn-S0D
(SOD)
[Cuzn(bdpi) (CH,CN),](CIO,), 2CH.,CN, (Hbdpi =
4,5-bis{di(2-pyridyl-methyl)aminomethyl}imidazole) 23
SOD SOD
0

33



Superoxide Dismutase (S0D) { ¥ Lm e 1

CER T Dl THIT T

/ 3 N0 Mo
Hls 120
[CuZnbpis CHLCN), 1™
23 SOD SOD
SOD
15 Zn(lD) Cu(lD)
0,” 0,”
0,” SoD
H20,
o,
cu(in-zn(ll)
2H*
O,
O,
|
cu(l)-zn(ll) Cu(l)-zn(Il)
0,
15
Zn(1)
3.3.2 NADH
(NADH)
n* NADH

34



NADH 1-

-4t -1,4- (£-BuBNAH) o
(©)) Sc(0TF), £-BuBNAH
Q [2+3] ¢y 24, JACS,

2001, 123, 11331 Sc*

03

@5
q
(Q/

24. -BuBNAH  p- Q [2+3] &)
BNA* 1-BuBNA* Q
-BuBNAH Q
1:1 1:2
ESR Sc**
C-0
-BuBNAH * H* BNA*
16
-
Diels-Alder NADH

JACS, 2002, 114, 14147
Sc* -
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M
.
H H
_H PX_CONH,
@ )
o N
M™  CH,Ph
H H 0 . HH oM™
CONH, me CONH,
| + | M M
N ’\F 2 H H H
CH,Ph 0 CH,Ph oM H CONH, QH CONH,
Electron Transfer BNAH™ Q—2m™ o | |
o °N N

h O‘H |
nt CH,Ph M+ [N
b M 2 H 4 H
® H* OH Ph
[ BNA® QH™=M™] % BNA* + ©
M+ OH
16
JACS, 2001,
123,12458
NADH ESR
25, JACS, 2002, 124, 14538  NADH
NADH ESR
Wono | - w "o
fj)J\NHZ tautomerization (.J}\NHZ
N W
(IEHZPh keto form CH,Ph enol form
g=2.0031
. g=2.0031 .
S e+ DN -
s, B Q | , D59
oY e Y
H Nl H2 8 H N1 H2
CH,Ph CH,Ph
40G 40 G
. a(H2)=10G
a(H2)=10G a(D4)=81G
a(H4)=53.0G
a(H5)=7.6G
a(H5)=76G a(H6)=18G
a(H6)=18G a(N1)=8.0G
a(N1)=80G AHng=18G  a(CH,Ph)=7.4G
AH,q=18G  a(CH,Ph)=74G
25 .NADH BNAH
NADH (BNAH)  Ru(bpy),™
Ru(bpy),*

36



JACS, 2003, 125, 4808 BNAH

H H H_H
mCONHz fj/CON:l
ﬁ' | |

S+

N N
CHyPh e CH,Ph H* CHyPh
BNAH Keto Form BNA’
BNAH"*
17
BNA*  Ru(bpy),*
BNA®
ESR
SC3+ SCS+
26
Sc3*
HiC. O « HsC 0 4
~ i N i
ES/‘LNWZ v s == [L) NPl
Nig N
|
CH,Ph CH,Ph

NO ET without Sc3*

g =2.0037

17,
BNAH™

Ru(bpy)s®*

~_ CONH,
—~" Y
N

q HiC. L0 o
ﬂ 1 " P i 5
H A -
5G Jl\/\E,lKL NPr,
-

W\ﬂﬂl

AHmsI =0.21G

26. NAD Sc* ESR
JACS, 2002, 124, 14538

37

O ~CONH,
7
N
Ru(b 2+* CH2Ph
(bpy)s BNA*

hv

4
26, JACS, 2002, 124, 14538

SC3+
HsC._O ©

N

O
Ket ,
| : | NPr',

|
Fe(Cp), Fe(Cp"),* CH2Ph
g = 2.0030

. Sc3*

SHONTH2
1
CH,Ph
5G

-

a(CH;) =1.03G
a(H2)=090G
a(H5)=082G
a(H6)=1.11G
a(CH,Ph)=231G
a(N1)=263G
a(sc)=124G



NADH C-H

NAD c-C NAD"
10-M (AcriHY) DNA
NAD BNA [(BNA),] DNA AcrH'
(BNA),  AcrH’ BNA"
BNA" 0,"
18, JACS, 2004, 126, 12794 0,” ESR 27a

[(BNA),]

DNA Cleavage

~_ CONH,
Y

N

1

Bn

0,
- CONH,
L+,
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Electron Transfer

Unusually Slow Charge Recombination in Molecular

Dyads

Anthony Harriman®

Highlights

L1}

Frguer 1. Struchiral representatior of the fowest-erergy conformations. of molecular dyads
described in this work. For details see references [7] o) and [10{ (b). Mote, the hydrogen atoms
Pave been ometied Tor darnity.

bond, but exactly how this translates to
such a variable rate of charge recombi-
nation remains a mystery. In particular,
it is necessary to consider very carefully
the role of triplet states, either charge-
transfer states or localized mar* triplets
in these systems. The use of magnetic
field effects or an in-depth evaluation of
the spin state of any EPR-active inter
mediates is essential if the detailed
mechanism is to be uncovered.

The design of simple molecular dy-
ads capable of fast charge separation but
relatively slow charge recombination
has clear advaniages with regard to
synthetic feasibility. In attempting to
mimic natural photosynthesis with such
dyads, even allowing for the contempo-
rary preference to manufacture electric-
ity rather than a chemical fuel, it is
necessary [0 overcome at least [wo
major obstacles. First, we must leamn
the design elements that will enable
efficient systems to be engineered with-
out too much of the tedious trial-and-
error protocol. The recent work emerg-
ing from Fukurumi's research group
suppests that this is a strong possibility
The importance of this work lies with
the realization that small molecular

dyads can replace the long multicompo-
nent molecular-scale wires that domi-
nate current thinking in the field of
molecular photonics. Freed from the
need to stabilize the charge-separated
state against charge recombination, it
might not be necessary to build long
molecules This could lead to a marked
increase in charge density. Second, we
must develop a methodology whereby
individual dyads can be organizedinto a
cooperative network where logical func-
tions can be performed. The charge-
separated state is now sufficiently long-
lived and energetic to do something
useful. This situation requires many
thousands of molecules to align and
work together. The next step is far from
clear but the realization that light-acti-
vated charge separation in simple dyads
can lead to unusually long-lived radical
ion pairs compels us to think seriously
about devices.
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