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Strategies for Investigation of Molecular Assemhlies
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Femtosecond Broadband Fluorescence Up-conversion Technigue
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Femtosecond Broadband Transient Ahsorption Spectroscopy
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Spectroscopic Verification of
Reversal of Aromaticity in the Lowest Triplet State
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Realization of Three Dimensional Aromaticity
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Exciton Behaviors and Excimer Formation in Perylene Bisimide Aggregates

ool M X+ & (n-m stacking)Oll 2lof ML= =2 A Al (supramolecular aggregate) = ISR Z2& &5 %
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2 AR5 AKX ot ATH

1. ScIDHYOEIE™ (oligophenylene ethynylene) 22 HZ & PBI ZCHH (foldamer)2 S& AE| S st
PBI &2(Hl 8t K, & i 210 OE H2 RS 0| 2 b

Ct Al2l= (Figure 1) = 2401 2 E0H0lAl IOl e

M arol AS R0 o6 LtdE o2 &3l (folding) e H*aCe’““\ﬁ\f\[t.
Ol ojLt Btafl 24 S0HUA = PBI SR M E T2 5 "
Hel EHA A= A2, 010 et PBI 2t Ol X & ,N/T“
O|L|' EX" I\_‘|O| J_’-l'gg §'§O|Ll' i‘—_'.:_JF O‘I%I}“ réFEFXI HisCs  CeHia K,l

=z

7
L _ ~ z EY avi /N e FN N f
S CIZE510 2H0| WS BOH, = Fol U AEO ) . é ; oS D % e ooy g
= = = = » 7N Ry
HE 92 SN0 B20| BESN B8 28E gay UG OO e e

©
(&)]
1
T
©
(&)]

Ol Soll GIHXl Ol Satilte BHHE 20l 2HE A0
= &8X OIS0l WX OISEL O g8 LD

>
Ir
P
>

Off HIGH 108 ®E 20 XE HS & 2 QYUQAUCH 5HH, & N . B
DO AT DNS =XHEAS [ SN0 HE Q| Fourel SRNHLANELHOR 62 s PRI B0 21 PE.
M2t 20| 08t 20l B Mol 2ABIE A2 S0I6IACH, 0] HAS 5| B8l 2ENA SS2 XA LIEFSHCE.
4 Ols bdg MM &0l #=X (transition dipole) SO0l
109 F10 I 5g°o] 2r9(2t2 JEXI D BHEIE 0] 2001 I LI X OIS BEO A Of
051 05 3 ZH B0l WE 2 AH5HE N2 WAE £ QU0 ADI
£ @ OEfs 22 SHYL U B4 0/YH ZHYUS S5 2E o
500 : 00 @ UX OIS == BHA 2R0AE U2 2ps, B PEOA
2 1.0 F10 o = (42 1ps2, X0t HEI2A 0K 015 S9IHQl PBI 2
2 s o 5 N 2l J1210F JPFSIE O Wk OILIX) OIS S Ot 53162t
c . g Ch ool BT DEQIA 2HL|M HAS BES fs 2L S5
2 ol oo B EE AHERNAE S2IDHZE NEILY MR RE PBI
$ 1.0 ' (102 ZARZ A0UE ZRE X 0lS #A9 ZHZ 960 nm &
2 S 201A PBIQ 2iCIZ S0l =2t AMEZ(| AT AC
@]
3

0.0 T T T T 0.0 MDISH A OO HFREMO 2 X230 ==T 1o
400 500 600 700 800 gz T UM, ZERSZC 5}3' LEX S ZEA ST
Wavelength (nm) EOb sl TE BB KILEK 2= 20| OfLiet S &E S
A5o HetE Eote 20Icte 2ES 2 UL

Figure 2. 353 Al S L &2 AHEY (LI2HM: CHCl, 25
A THF, =244 MethylcyclohexaneS E012 ALE).

2. PBIOI&A &9l F1X (dimer aggregate) 2| HAIE SHE!

(@) . .

2 EXNE HIAME ol 2N AEHE TR 2Bl o8 A5 & NN
20| OfLI2t +4 28, 00| MAF 22 (r-stacking) S HIZR ASXE oUW °b°c””“
Ol Sl BAE= PRS2 1 UAISSAB0|L HES SRB0 U
Of QAIEC] 2DILt MBtAol REZ ROioHs 210] BISCH EHAR Ol
SIS JFNID UCH [MehAl OB, AFBH A SO RS 3I|E K= 2
T REAO HUAE HES SO+ 2 2K NBA AIAEO| MAE HES

MASNE 275t X5t N

A ol

butylpheny)E 20t X &d U2 =0 0 §
OXD O 0la 2 A M2 4~ 2= PB

(Figure 3) &I 10 0|22 OI&HHA

Il £ SHAXMSH M0l TI0f HF A SZ, &, A2t

Q.

(b) P e e o ]
D O
HAGH= Ol 22 2420/ 2 2Ho2 [ 3} o |
HAOCZOH NG S & OFRNIK AEXMOZ RYE =0 gl ‘//V
25t AZNA 2 B = 0I0ISO SIIF 2 XI2I| (2,5-tert- | SOV
|
&

t

3
i Figure 3. (a) OI&MIQt & &5t= PBIQ SHLH 22Xt 7




Spectroscopy Functional n-Electronic Systems FPIES Newsletter 2014, Vol.17

Exciton Behaviors and Excimer Formation in Perylene Bisimide Aggregates

b

=
o
o

ol algs MAGIRULE. Ol AIAE2

L D O, fs =2 E4 L 22 24 018N =X SO A 54 S =251 22X 2
HZS 28 A5 M0 ol 40 X2 SMsls 2102, 228X 240| ST Q=sls 284S U
0.25 Bt 210l2F M2t G| 2X0F SHUMB o =2 =S 240/2H A
0.20 ] 25 = 105 MUIAI S E OI8Ot XIBHE 22 =ats 102 M2
0.15 ] SCNX S22 HRN JIH 2 ASS MU S5 ©
: = NS MM ST YL HY AHEANAN 2 STt Kol R o
0.10 4 —2mw | (2} SUHC SO S, L ABEY DUWA BN
0.05 J 1 mw OF M0l X (aggregate) 2 &, @& AHEY RACIF

< 0.00 . 0.5 mw #H3l6t= A0l i_“ﬂili’iﬂ.
2 5,015 ] M| o= &2t 24 A% 2& (Figure 4) OlAS 0101 212 AID|
| S AN BIOIE OIRE M OE A H2S BEE 4 QY
0.010 4 . Sl oL oI 0™ HEEUE 25+5| 21 IS 22O (rod-like) 1
X MOl XM ~0.8 psQ UAIE-AMAIE ALY H20| ZA
0.0054 | Z omw | SIUE 20D SN OHIZ S 22, OIS H &0 RXE 5
; —imw | Lpo] X SIS A|AEIHE MEECHE AS 2 4 AUCL B E,
0.000 L4, . . . . S0IZ U0 100% MCH OlA 22 A S NSRS Me
0 2 _4 6 8 10 0.8 psO| HAIE-MAIE A AI2H0] ZEEAD, 00l M2} AL
_ Time (ps) B2 XEGIPIA D0l A 22 HES XEE AT QUCHs

Figure 4. HIJI SIE fs &2t E2 422 34 (21 viv=1:52! Bd% i\l_ol_lgal_ _+_ %l\?ia'.

CHCI4/MCH, Ofeli: MethylcyclohexaneS E012 AIE).

3. fs 2 82 &9 ZFY (femtosecond broadband
XD ZE& A (PBI self-assembly) LS| HAIE SH&H 22

AOIAE BB X0 MOIEA 2K AIAE0| XJ| EH
HuE Z20 UAIE SOIES 96| DA UOH BE DX I
BA 2R AIAEC ZS MOIFADL bl BH3E Z2l) S
Zol e EXAIC B B0l @2 RES JNH €D 0l &
AIOID] HROIZ E2ISE REG NS 2O HBS R
B SR ABSE O HIGH RO F0IA 201 SOt IHArS
AN AZE AT 20| HBS N LS HA EAWM 2O
M SIS0 BOE XS0 B SEE TS 2= Y A X
Mot S+ 2ons [o X MY RS 2AS o M
AEOF HS CHES 21050 ECh 020l 1Y BE 2XHSS
OLED, FITS | A%l CIBHOIA 29 S80I 01 AL ThatA Ct
st =LA HEH SHM BEH X2 WOIMAF X2 Kl & Figure s. (a) Xl Z2ME 246Hs PBIS HAM =X X
i 5 == o A o BT 2AS I Kol ZEHS AP MRS,

MU U8 @2 TSR0 e 30 2 > A0, S pe x| KE e Ame | e g R

fluorescence upconversion technique)& S8t PBI

(a)

H25C12

40 rir = i i

aJlst & Of FEEH =2 X1 gl
Of CHet A= fs =2t E & =2 4 0124 ZZS2 &S Soll IR &L el =2 2
12 222 del EX IEHE SHolAS 22 1 43 HE Al
= Time (ps)  Jlofl et MXDIE SZO0| HStE 0 S& (s sdsi2 2
3 10. 0% 01 EI0L HSO0lfs &2t E4EHE ABEYI0| NS S
> — o015 | =EZ2Z AT =FE AIDES 20/ Y0 012 o A
2 8- 0.2 X0l MAIES SHstS 2Eot) 2Aot=0 dEXH O
g8 ASO0l G2 0t TetA HAIE SS9 AR E Aol AHE
= 6- g 2t 2t-H0l =lAasteE 20 MEHQ HEA S0t 2ot
S Ch BIST Bl &=, S= & S+ AHEZ2 2450l gl= &
§ 41 20| JtE £2 et S0l 5tL0IM OIS flof 2 &€& &
2, SITEHS ALESHICH O 21 Figure 60l 20/5<01 0L =
5 ] Il AIZES] AlZHZ0H & ATERIS 2R ARAHY P25
2 ol | = vibronic EEHOF HIE SAMAM 2F EIRALE Vibronic = EH
500 550 600 650 700 780 800 = 200fs LHOIl AtctAlLl ﬁii'jélar 38 JWHE2Z 0|S56tH

232 H2AEHO B2 240
Wavelength (nm) =l ob o

Figure 6. 490 nm9 S& II&S 0125101 22 MCH S0H& 0 A ©l et €1t = vibronic peak]
igure 6. nm =5 o= 30 =T Suns = e =
105 Me! PBI A19| ZelHel AloEdl Brhol HE Ames Ol &2 Z X0l Bl TH 2k &l O
ENZ BN ES HE = JAJCH

= I

—

ZMES H2 AHEHSZ
A HIE 2406t AAIE013
t

0z
2

-8-



Spectroscopy

Functional n-Electronic Systems

FPIES Newsletter 2014, Vol.17

Exciton Delocalization Dynamics in Cyclic Oligothiophenes

IOl 2 AIAEIO| BIC RN HESS 2o DA 2 HAISO HIBEWS0 T2 QZ5C} 01243 2&0llA
NAIE HIB KIS0 CHEH 012 L A& HOF 20| A0l YXQ O A A8 2SI R0l AAUCH
M8 SXHs Lo S0 Q6 2RI SH0| MailEs 2HMES JIX0D LA ACH 220 012 2235
Il Sist D2IE 2XS0l 6 SIRCHIA BPAEAXICH 0l et ¢ 01018t AFOICH 1 S0IM =2 o7
OIS SREX], ERASIK, HBLI0IQE S CHAS JIJI20 B2 AMA0 =S MOIQHS SEZ A0 J|=
Moz 1 M3 J2iD N2lE B210 AOIRHS AAE HIETE St Bl S8 WUGIAON, J2ln 2
D28 2210 MOIQEO 3J| O/ HAIE HIES SAHs RS ACYUN XA D 0I0A 3. D2l
210 MOIQEIOIAMS HZXITF WAIS HIB TS0 DIXI= YSNA HPBHOZM 2210 WOIQH SO g@xr
N ENES ZHMOZ 202 DX 5HRUCH
1. &% 02D D2IE 22D MOIQHO| HAIS HIEHS SHE HDHD
HE D2 2210 MOIQEOAS HAISE HIEHS S50 bl
= 2/50{ Figure 10/l LIEF-H HFQH 20 A& 2 X0l L-10T, J2l 10 D2l
8 XS0 C-10T,, 2E JHE 2 C-30T, A0 CHEHH o1 &sst
ACH PIX Al2H 201 22 MBS S5101 48 121D D28 221D
WOIQEO| SX HO50A X012 2ollis S ¢ 2 UUCH L-

10TE SIS &35} AI2tS 8.5 ps 12|11 46 ps, c10T2V: 4.1 ps 12

1 35 ps& 0*% 4 QUL C-10T,, 2 EOIE FS2 245t Al2tS Del
& PEIL ME PEO UG SRIHS FISO QA REX 0|E Y
of ®J| me o1| SE MEHOIM BRS IS O W2 01E + Us
2o ML, SNV DAY 2N ALUE T} AT A=20
£ HEE 28t A0l Al XIS FEAS @ot, 201008 2
- =" 2lg 2T 003 SeiHo SIS0 o8 2EN 20l 22 o
Figure 1. && 12/ Del& =2l MOIQHE Al StC}.
DH3-2E QYW 2O ABERIC B SH BRSO BHE S O 2 AT
2 BOHED| AWM Aot =8 B AHERE 32 PN HOZ I < o 0T
8ot ), Ol 2+2F 0-0, 0-1 12l 0-2 MES-M XKt SRl oHFsCt. 8l 2 o C.30Tw
H B3 (Ig0+,)2 22, L-10TE 50 ps Ol FOIl EZ20l SOt5HCHI} 0] £
SO0l CHAl 2HA51S BHEH0I C-10T,, = HZ20l ® A0l ZH 92Xl A3 5
= dE482 UEIRO 22 2X& 01242 )Y 2SS0l s =20 & g
gHelE 012 A= 4240 = M, L-10T2 FR0= HetE Sotol s, = &
ol &S MO SIS SFE &= JUALCE SHXIGH Deld ?_I._E 2AMEH =
HES 012N W S, =SR2 =4, S, =NAL FZ0| 2% AN P= L, T T T
EYS A€ HRIZ JINLD U 2, C-
—s— Ground state lOTZVE %E‘il’% %6H OHAIEOI Hlﬂ:i XHQF J—|D\_:‘ 1'0__
eoExeeasEt 4 el CHEOl B2 T 0 20| HEH 248 2 e
678 w| S S0 MACE NS Y & JACL BRI T
s e e s t| 2IDMAHX DAY REEMNE ENES WS ] bpa .
£ A2t LHOl E&0] Sotcte #2101 20l 04 E
2102 20 BR3 BHS Sato D2l HEs
E 325K Rot= 202 M2ASCt CHAl ZaHA 0 5 100 150 200
E Deld F2xo JII0F HXMH L OHXl & Time (ps)
= x| 22 SAZ2 Jt8CH] g = UL Figure 2. Al S22 Bt JS-
i MES-FX HIE HEHE 20E C-10T,, 4 010 OIS Bs S
z GostE RAE JHAILD AJ| 20 && 240 BlotH O 2 ds-84 S22l
@ Ol Hlg SIE 20I0, ChAl ZolM == AEH0A AL0E X2 Jt= X0l
40 LB L E0L
e ZUE SoH0l 2E BE 20| SH(Figure U A= HE 2T SE AE
1387 . AN ZE SUE JIXCE AS L 5 ﬂu 18 2l 25 S0 2™ 28
20l EIF HOLHd LAIE0| 22| EMAH HAH §ALD, E2XIF AL0E REE &
0 5 10 15 20 25 30 SAFID USDS QHA|EHCE.
Figure 3. Laorer caor,, o WHEHA 2 917 2Ibe Deld REIE R BEH AL WAIES HIBEE
Zg 20 22 203 A2l =& ZAHUS U HoZ M2EIC).




Spectroscopy Functional n-Electronic Systems FPIES Newsletter 2014, Vol.17

Exciton Delocalization Dynamics in Cyclic Oligothiophenes

2. 1c2l¥ =2l MOIQHEIS 3| o/E AAIE HIBETHE S HlWHAF

@M d", Deld =2l MOIQE et Blw A2 E BIE2e 2 el
3 =

COT =l CIOTHIR RGHUCH BN 2% ofE NEAE 22 A S (Figure 5)2

1
C8T n=2 S35l =X SN St SHE HOtE &= UUCH Dels BH Al
c-10T n=3 H0AM= 0l4HQ HH Ne| HES 018 22 S, &80t SXNET= 0]
X A0 2HGHH, A& 20M C-6T= &ALal OlA4AQ N SHS
* 0121 QUXILHA450-530 nm AFOIOI 2 B2l 220/ 2X S-S, &
Ol0il aHE), DDt AHE =5 FF Ol4H BESH Dl 2X20M HA
LA 20 O 220 cHEols & 29 oA S201 Xietlts RS
Figure 4. 12l& S211 MOI2H = = U0 £ HAMS20 FEE S0 alot)l 20 #+X2H 0
MO0l AMAM S0 SENDt gle EZ
ULH. =, Ol SRIH S H=
oibdiell] 4ol FISelts
SESE 7T KX ERHE e 2
NE (St BEoHH 40| =

A

C-12T n

A

- C-6T —29T K
= —T77K
=

by T

=

N HU i
I
0
rn
0 ro
a
[0

10

s
Im tor 2
af]
|0
o
rg
ton
_\'_I_
N
10
£Q
$Q
[l
o
Ir

MME REX OF
Ol ABERD} Of

Cc-8T \ ﬁ/ ——297K
\ \ 7K
/ S~
—77K
Ol &I i S
HgtE 2] 20 258 £2

(@] AHDF 350 400 450 500 550 600 650 700 750
Neg d=El L Wavelength (nm)
S o Figure 5. 12| Scll) MOIQEISS FF
{ II&e & HEE MA EY, g3 ATER (MM - 297 K, M
S » ABEel(Figure 6a)2 Maot@m, 77N Wavelength (nm)
|25}0] 0-0, 0-1 21D 0-2 RE- @ 480 500 520 540 560 580 600 620 640 660 fime b
A 22 (lpoto,) C-6T — — ——04

0
=)
(3un “wuou) Ayisuayu) |4

S AH ox T
(@)
Yo
o
g0 JZ
00
nlo
02
I3 0
o
C O
o
Absorbance (norm. unit)

S 232407

OF o X
12 03 12 oY 0>

0

40 FA

Lo nio

S A

wox &
o3
w
2z

[¢] 0|-_|

Q2 He

2

-

O P> R o

ol

0

a llr
0
o
2
>x
10
4
>

> o

e
fon

—0—0.8
16
3.2
6.4
13
—0—25
—0—50
—0— 100
—0—200

0y
|

|
ot= & &0l UEHHTH O
HIEIHSIE 2I0ISHCt. ©

i om
o o
=}
M
i
12
i
o lo gy

-6THE S2dt=
e 239 3
2 Eoff 12l tHas
S, %12 &= M2t
&= Q0lgttt. o ZFEdE 2710t &2 C-10T
SARXA ELCH MM S22 MO0 CHEt
E NS FISE 0|2 &0 e &=t
-12TOHRl 2H24 11, 25, 45, 59 ps2 2 O [Ct.
WIHE 2E2E RAL0| FIEE 0122
T2 Hotsd Al2tE @i Z22l, ne
Rel= A2 20I8HCt
AZ2HO & AS-M X+ Bl Z(Figure 6¢)&
=0, C-6TIF 2 AlIZEHLI0I SHoHH HZ
CHRIXIDF 2OtE =5 0tF HCIAH Stotes
M gZe Z2ae 22 Metoz 0|01 LHIHE
0 BESH AL0E 222 Jt=0l YHE

!

VY 2

o

r

Q
(o]
i
> HU

v
o

2
(o
o

e

-

I
fr 4
30
(W
Fl. Intensity (arb. unit)

0z 4> B> I H
ij

Mo 4g > Ju

", D gpy 4 1P

S

(=R

o;_lﬂ
HO

]
|

=
o
> 10

2
0 on
ﬂ||0_o'j9

b

=}

0_'_ -
JiToJR =

e

B0 2

J
o
=)
ton
_O'j

Pa

|u]
-
I
N

X

_,_

o
0

(©

08 AI

v 0

X og

210
0% g
I
2

£2 1o
(W
,:
-
Total Fl. Intensity (arb. unit)
o o
o~

A0 4
R=
2 H oy

r

K ox

O‘OIIT‘OI

rr N o
P ' g [

ﬂ\I
=}
o
n o
!

2| oo 1
2 | gmoe—e—e—ea—a———o—=

o
~

o
w

0

T T T T — T T T T
0 50 100 150 2000 50 100 150 200

201 AALE HI

A

AR
> Ja
@ 10
lo HU

=
o
ro
e

um re
1 ou 4y

0x

m

[‘ I E

0> 0d

2>

> |~
i
10
LU
>
2

o =
IS

ron
P
-
P
o
(]
a
lne)

[w
rr
>y
o g
> H

= Time (ps) Time (ps)
FAIEIR Ol O 5 Figure 6. (a) D2l S2I1D MOIQHSS Al
2ol 22 ABER (b) ™A HZE #35 (¢) X
H o A2 of
PXez d2Elh S-®% =22 HIB Hal

& un py 9
By M
Lofr
$0 M0 |

H
1o
1
30
rr
-
_Z
o
=
02
frl
il
é




Spectroscopy Functional n-Electronic Systems FPIES Newsletter 2014, Vol.17

Exciton Delocalization Dynamics in Cyclic Oligothiophenes

3. D2IE S2/D MOIQHOIA HZHI AAIE HIBS SAE0l DIXIE HE
SHACHS ALO|Q) HZEHE 2RO SHetE ME J2/D Mol 2 20|18 X
g = AJ| =0 EalﬂiE JH 8PE 1| AUNHA Otz SRt 9= Stlt. otXl
Bt XIZNA AZHO CHEt Hle dd SH AL St 20 0l
B RATOIAM A& AIAB0 HISH0l 2 BB D, SHest 2XS JIACD L8
= Ae Dels SH AMAHNAM A2 2R HEs S22 0IXH =
AEHOIA 2 %‘E%‘OH“ Lot HMet %‘éta Ol X=Xl Z0t2D] {50
70 L2 223t 20|, MOIQEQl 25 MA=Z2o=zd HEEN U=
D OIBZBE 22 C-12T,, 4,00 St HIDHPE TSSC.
N FFAME E, €2 DA Z(Figure 8)E Sold 0IsZ & (HiolY
Mol A&28 gFd 2 = UAL C-12T, 2 Z220l= S22 20|
A0 RS ACE BHRICH C-12T,, 5, 4= C-12T,, Ol HIGHOI A E5| &
HAOR 0ISaH A S 2 4 UCH 0= D0l Z 2017+ AA S0i%I| Figure 7. 2218 €21 Wol2H
H=ZQldl Ol=&&0l 2UE HEolH 2HE0H S22M 8%
S BAO|ZID M2AECH X-& DRI HE & C-12T,, 2 i
g§oz M2 = [l HEes REole X2 MO =9
- ~ ME FI&&=, ChAl 2otH &0l D2l ez Lot 2E€ X
£ E 2010t Del 922 SURE transoid X017 HE0l2tl
s 2 MEIC) QO MAFLEO C-12T, S 4FZYOR o
= g 2H0 AJ =201 &0l FEAJULD WOl SHE E o
5 £ ABE RFE = ULL
e T WO OtLIh A2 2o TS ST A9 BE 2RYS 0|8
) e Ot OISZE0l == HEHUHME AAIE sHE0M HEe
300 400 500 600 700 g0 S 0IX=K LOIL2DX GHALCH FIESY Ol S A(HE
Wavelength (nm) él'EH |A = FE¢ ;_7.(_]' == /c\>|'EH01|/\‘| %‘g%_l— 2E=F 5l
Figure 8. 2|8 2|1 MOIQH AlAHO HENEH 57 St= S4)0] AAIE HIETHSES RE& e SHUHAM AR
3z ABEY EZo 2ASLES A2 Met FHECZM FIEE
Wavenumber cm-)
O|%O| %—lDI_LI_ HHI_E]_” OE|O_1L|_; }% %. _)'\_ ?A?A*El'(l:lgure 9C) (a) 22000 20000 18000 16000 14000
C-12Ty, S 315 ps2l 2t2 LACH GHRIBH C-12T,, 5,2 B2 Ao _Time )
= 22221 02110 195 ps2l 22 20 C-12T,, 20t FIE - e —m
2 0/240| Of W2 LOIHTHE A0S L & UKUCH 0l Of ] ~ —
Z2E0 22 00 HISAEHNANE BEHS SN = Z O
Jl =0l S MEM FEE 012 &0 20| OLEX g
o= 210|CH. &HAIEH ClZT4V o ZR0= CHAl SISEE ol £
ai FOI Sl dOoiLle A0l 2FEA=0 Ol el 2¢te g
2 S0t RE IISPJIEE oIt %‘HI’—‘*. O =0 FIE §
O|9_|.O| tl|~ HE tll- |. Lal}“ OIO.|L|. Oi AHDI—E|E}. [I3|» § —o— C-12T
S NdHUAMS 72X HE Aoi== JSHX HIE O E c-12T
ci Z (Figure 9b)E EPj, HIZ2 B3t Jt&E &2 C-12T,, w —o—C-12T
2 S MM 2SO OtE A1, HIES Hatd 2 L : ., OO0 —o—c2T
C-12T, a0 = TEESI UL RFE = AL Jiivem?;th o
Ol HISTAENOIA WX0IE PES HHHE 2NS0 S 3%
EMEUMAM HE0IE X2 BIGH=H0 JAUM OISZES Zow, mo @
2 0I5t0l EXel PEHHE O TN K=Y & ATE A 2, . B
£ o|0/EtCt, g S
2 [ES 0lY GRS S5t0] IOl B DelE Alage 10 o 3
K Xl R, CHAl LAl EXHe SEHEtD Mol S 2 5o o g
0, J2|0 SENEHUINC SHE0| HAME S610 TH Senl | T [ R
2 4 USS ST HQGIY20, 0l D2IF EX Crime(es) T " ﬁ,;‘:(,,s,““
SS gdotd, O UOHF 10l CHE SdS HE [ ZE  Figure 9. ()22l8 =2l WOIRH AILEO A2 254 S04 &
C20| & 302 Al2EY, Z Yege /\‘“'EEP (b) ES-HX HIE JHE (c) AHEH

S S Bat ez

-11 -




Spectroscopy Functional n-Electronic Systems FPIES Newsletter 2014, Vol.17

Confocal Fluorescence Microscopy at Low Temperature

€)) Laser line filter (b) AX=2A/2N.A
I~ | { tion of N-A-=1.3
405,420,450 Beam expander
PR ' ~200 nm
470,485nm
eed Shutter
Ps-pulse A
laser :I I I I Distance
Fiber Quarter n
SPC Card output wave plate ND filter 2 g
2 8
S e
c o
= 3
50:50 Notch filter
—— N-BS Longpass filter Time (s) Time (ns)
{D El |Z| Q] : | Microscope o 2
. —_— 2] [
50:50 Pinhole 3 o
P-BS £ 5
tr *
Spec ho ccb U,
grap Wavelength (nm) Interphoton Time
Figure 1. (a) &2X 223 AES ?Ist 3T S0IZ AARY 2AT (b) HEXNQ SHEX 228 A& 0l

& & Ol JtA& CHEXS] & S0l82 Al
2 Z=0(0 E[PE ﬂJ"*C* %= O'EPE s I/ﬁ AAS ME M= T OE AERH 01EE JIRICHL S8 #0|ZE (confocal
microscopy)2 Sx& 2|2 0/E0t0, 222 dIOIHUAM AlZ2 =81 X 2= 22 HHotD =&t X
Ote= Lots deNoz HAESt= dIOIM S0IZYOICH Uetd HEAZRH &= 82 ASHdl= i &
Ao S S0|ZES 0/180tH =2 &5 U &3 HI(S/INratio)S 2= & UCH (Figurel .
2 JFHAE 012 22 S8 S0/1Z28= 0126t & KMoI0l 2& WX & A8 UHE, 24 W =2+ 8

=

M 2t ASHE S| AtMlot] CHYst 22N %é% = =P\, HI”"OHM 04 LHO*EF S22 =0 E2AOI
%0l (fluorescence intensity traces: FITs ) &l E & (fluorescence
spectrum)= SAI0 S & = JU2H, HH o T HIY MY
L5t SAN 2= = AL OIEEP zge ’é‘d%% HHE 22 ot04, CHer IOl MR AIAE 2 XE2 AlZE =010 [HE
2 4 Y (photobleaching) I & 2 HAFAGIAS E 2 OtLI2H O L0 AUHECZ d A YOIH 232 018510 S
ol FAME Ithl= HEX AIAES Oﬂl Ple 38 SAIS ’—‘.o.z.(commdence measurement) & &S =35
O OHa 2R WD HUHR Y S22 SHOIQULH 220l 97 202 |1 2 AIAEINA RIIHZ e X
’“OE Yol &8s e SOICH 8 680-1080 nmIHAl L& H#HEH0| Jtsst fs HIOIIi(ChameIeon Ultra 2)%

Ot JIE0 2 HFAUA XD JAAS HIE 9 00| 223 =0 HE sHHE HZotA 20, S@=2K4 =

—’E(HI/\-I fsOil o Eot= HE AAE SHS 220| JtsoiACH AL =2 =242 28X sHE ==06tJ| Aot0

Ho I(polarlzed beam splitter) S /\ otH
(@]

H20AMe SHEX AE0| IIsotE=E ME2 S8 §018 AMAE S 2oL

H20UMsE HEXE DEAID| fch 2oz AAEDeE DX IHESAZ oISt =H 2F 0| YLD S04

X0l olst LEMZ ool Mot 222 & H(inhomogeneous broadening : IB) 20t 24610 88 AHEH
=

of &= (linewidth) 01 A 20 HIGH A5l HD FHOIH HEECH By AMEHO| ZOps SE MEHO U
EHSl OILIXI =9Io X2 l0iae 2

Laser line filter

O1E Soll A2 == &EHSt Y &HEH 1 @>_<
o UKl =< ‘Z'EP ot merg v
2 90 01 OI®0l REOIK oA | crameeon Beam expander
EI'T'_‘II';(—)—' Hslt EH4= 945 2 AU Shutter ND filter
o MEmE]) sAss e 4 Y= | PTU —f—] 07 —1
Qé‘.‘ O| %“—J. Fiber Quarter
0|0 2 d3atte &9 Ald _75_3_4]_}’ output wave plate
JlEL A O &3 HIJF =2 40N APD .
FAREAIO ZEA S0|Y 2E Y (laser (__Router ] _ X-as
scanning confocal microscopy) £ H& L 022 Longﬁiizz:i? I/Y'aXiS
gt M222 AMAEES A=0tLCH OIS I E”ZI - m : Microscope
Sofl M20Me & & 2o AH 5050 Pin:lole
Eg =20 otuct EZMJI= | gL P-BS Dichroic "'i_'éﬁ's"slééh'ﬁfﬁ'g": Low-temperature
HAIZEY 2 HZ2Z2 SA0 S36tH Spectro ccD BS system system
o g 2L 2=l EH0 et graph
HA1E &l ot QUL (Figure 2). Figure 2. 3210l QASID 20IH FAH AIS BEE HOIZS HES A2 2AC
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Wide-Field Fluorescence Microscopy
Defocused Imaging & Excitation Modulation Depth

(a) H Function generator . (b)
Quarter : [ ) Half :  Laser 488 nm ,
waveplate i (__Powersupply ] waveplate : line filter 532 nm (©, 8)
: : cw
: EOM . 0
N $ A X
samgle film y A
Shutter Beam expander l Defocusing
-
Notch filter
Longpass filter
ccD D 4) H
Microscops
Figure 1. (@) Wide-field $101Z AlAEO DA T (b) 24E (¢, 0)S IHXE 0IS=ZX LHE | wide-field CIZHA 0|0|& ASO ZAIE

=2 (a)

IT o |

Sofl JIE2 o“c\!§ Cc’i‘oﬁdOﬂA—IEI chest Bodt NMSOIAE 3| o s 120 1800 200" 300" Ave.
5
—

sl %/\—lg gt 2D 0 E‘i'_

8z oo, cene wa BANEAN O
pzsozm 2xo 2z o dEEBBEE O
ELE g = Y= 2L UEAA 001 AE (single- 3
molecule defocused imaging experiments)0| 23| Al& & B |
O ACH OEAA 001 A2 &€& 220 OE g2
DHE 2o HolE HESOCEZM S22 2 A Figure 2. () 01EX 2 J&HE CIEZHA 010IX 9] 0IAI

. xAT= F |gure 101 LIl oM (b) Wide-field CIZZHA 0|01& & &0 A CCDOl 20l= 0l0IXl
£ Melst Al 220 CIZHA 0|01 A4S EXO0ILH &8s SotH 2EE 0l0IK= OI%EIP
= 20 2AIE IEO xyHHoZ SEALE 0|0IXIOIMH, O|ZS=2X RHEQ HH OHe)lt SH(0)

o

o

o

m
X

Jl

u 2o
Im Jz 1o
|

s
T

|
I3
e H

I Of EetX =L OIS 2HES 2 H2= 0101 AL A=
b == QUCH (Figure 2). Odcf o gautts jp(l 2xo AL, HTS Y= o
201 BHHII W20, OIS Sottd =Xt LHOlA SHEH Atol2l 25 &

CIZAHA 0I01E AE0] HEXUA 22ot=s
X HEZ o & 9= AS0|2tH 04]|u4:'6

olL=2 =2 T M- =20
polarization fluorescence spectroscopy) INES
X|._Q_| Céli.”?DCE ;ol- A OI‘— }\|AE1IO§M-| X
UL Ol 2AHUUA SEEHQ HIUHA 8 W&

2 0l0IXIotel HES
FZEHIDL HHR O Mt =
S S8 209 UN PE
S Sof 2R UM 7

&+ (wide-field excitation
Cl-atﬂ E% EOH =

e
>
10
HL MM 30
[U"U o ﬂl
o

4
0
o0

M

OQL
0 o

fany

0E in

£ X

t:l
[

FIO

—

otes
2 JFH0HAM 2= SOl

= 1}
= o

|
—

=2
=

CDHES &= HENE2 ER= M0l 12 LIEtLELL, 02l el OIS

e e 01Il:IJ(|E HE HEHUHAS 20| L2E 2 /U [[HS’—OH 1

st 22X AIARISES 2E S REFEE A0 M= S&0tls HEME

Sl FEFEE ARGt= A0l HEollt. 0l Mg e J1&EL @2 X CIEZHA 0]

Ol A& AIAENA &I 28 B XI|(electro-optic modulator) £ 2 (Figure 1

Off W2t HM)S FItet AIABCZ AL UHAICH dHE FII2 3| M= &

A EHZE LS R0 JFSFEA O el €2 AJIE A2 et E8otA

StCH Ol [, 2Xte OI=S=A 2HEQS gatu MM HAE I Z22a Aol

0 3 8 % 10 1% 1k Of A0l Metd g&2 MIIDF F=IIZ2x HEtH &=0, 01s=A 2HES

Angle 6/ graFlt AN HZE 20| FYEY 20 &2 MIDIDF & N, =3 B2

Figure 3. 0101 B3 243 =@arel AILE 2 &2 MIIJF JtE 2ot A ﬁé‘j%E(Flgure 3). &, =2 E&dl= HRI=0|

HE X B AL 0l2= 2XJF AEO0ILE HIASHOILE et 28 B2 = D] Z29 3™ T2

A XH01S HE0l et 0I5 0180t B2 2 0l(modulation depth), Mz—;m“";;’"‘” (0sM<1), B8t

max min

dog == L. F ot 01834 2 =X

DUHEE 2= HEXNUM= M0l 0UlA 1TAOIZ CHoHA LIEFHCH S2 A2 A 220 &80 o2 =5

SZANOIQ XHOIJF AN M2L0l 10l JI0t2 24011, HIEdE0l2tH CHest 0152 LHESS HE20 26 00 It

e S KA =T T H2XE2 MetiS SHXeIgCZN HEXNES LM72E0 et 32 E oS0k,

Mol Y2Ls ANAEE Soll 22 P22EFEEQ UXEHA 0|0AAEoZ 22 RXFHEE HlWotH AN 2
NAIAECS REEEE BU O 2HESZE 22 = US A0l =T
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Structure-Dependent Photophysical Properties of Various Molecular Arrays

1. C=2X 2gsts S5 0|2 PBI X LIKAL ASXE o
o CRSIIEN S cons o e EnSUYT 2 AP AU M E PBI SRS bay 91X OHAIE R
(acetylene)2 2 HZ =0, 0I0| X0 &&E PBlI 22| 1H
(PEP, PBP 12|10 PEPEP)C Z 22X 422 2X& &
o o oy oy Lo ohyfo oy d Jl&2 0/86t0 ARoIACH (Scheme 1). Figure 12 PBI
o T G co Nt e st ST 281 1 ) (PEPEP)O| CHE QI Al SHH E2 A E=0/0ICH §
PEP PBP PEPEP o NID| BSH0 [I2 82 AYAIR Y S ABERO X

Scheme 1. PBI 221200 £X 72X : Daladig =
B , PBI 22|00 Wol PBI NERYO 2 A

HI

U
il
ob

ﬂ HolE S
'MM || mes EE e s g0 o o0y S3E 2asN 5
7 N Ko A2 A0 W2t PBI ALBHHI, OIBHAI, CHU MOl a2
F CIOIEIQt & 286t 2NE 2010 NI St 2
g (\N ABERO CHIIA 0|S L 2 ABAI St PBI O
— SHHIO PEPS PBP 2EXHAE REHO2 ARG = A
i A C}. Ol DOl 2940l &S PBI 22|20 WWOIA, PBI A2
I Ml M) SW0l e A2 S8 ol 2% 2010t A0 PBI B
B a o w o m o O CRERS GERND AR OIS N B2 CHAIA HZ HA0l Yolls HAHUES
Figure 1. PEPEPS| CHE ROl Al &+ 2 Al 0| 0l JtIs&E 20Fz= 528 Z2U0ILC.
2. SEXNCEHA O|DIZS S8t HSLMH 22X X HS
= il
[ Pentamer

I Hexamer 9
a0 o

[¢)
El gl (acetylene)l HZ1NelZ2 E4E PBI FE i 3
2X (CNs: C3, C4, C5, 1210 CO)E D s o~ o . - B 7-

LG ALCH (Scheme 2). 0| &S 2}
T4ote HEMO LS Hold = UYL 0
igu

HE 2Ae 2EE U0

S
f%ﬁé;ﬁsﬁﬁ%‘f B .

2= ol

H 2
PBI 28 BIETZ0IM Al Of 01891 OIZIT 221 7 B ™ L e e s
SO &0lE ZNS0l 8tot0d, & M OIS=A 20 o) by uy) =x3S= 7 Figure 2. CNs2 0lTi= =X 2ol
Ez otUL HHE 2HotD UHAIN CHol HHI sy 2 oz sy A2rd OlM SOl MEet C39 oI=e
LIHXIQ 2= S HH HAS Solf HAtsh 2 00| C =ATE
FEAEE HESE 0K N4 BHUA HOE B HA = A8 &l & &= AN =01 0 H0HKl=s &
St2 Eoll 20 HXH HEXE0| U CHYst 22O IHA BT E JIRICHE A4S & £ QRAULCH 0l ¢
a2 +FQ AECZ2= 2HEE £ 2UAY UE0IH, 228N E42 2 =F0HAM =&26t0 246HH
O/ &s 01019 A3 [HE M22 24 HHo=2 MEE == A= FMES MAIGHICH
3. o2 E2Zss & o Aqet e
hynez HAZE ZIOIg OI&X z2E, && M zZ3E el
QM Z5EC| Z=cl® E4s5 HotU L (Scheme 3)
OIA AJiEH A20MS =& S0lZES 018st 42X
& 248 415 Sol HRE=22 2AS0l AEEH H
glol & Ao & A&ZS B0ls S =2l oL
o 22 Zite NS0l otLtel X AIABE JHEICH
22 20|8tCt. otXI2H Y= Z5E0 M=, Figure 3 (a, b)
73E g AHEYE2 JH HHHX LSUHE S0t B2
Scheme 3. Ethyne@ &2 HAAE X Holol= A2 =0CIGHULH 0IE Solf Z5E01|/\‘|, g 22
@ (b) NZECZ AZE ZIlel ASHIt 282 otLte S22
jm ; | NEE 4 QS AOZ lME £ AT 0IS =olstn
M : A S=2X CIZHA 0|0 s o, OIS324 2
. ;J EJ} 90° X0|2 Pote E2AE LAE = UR/JUCH (Figure
i ’ ) le). =2 (Il & & & (excitation polarization
R i , fluorescence) A& 2 ol Z5EWAM EZ MO A XD 22F
Figure 3. Z5E 2X2 (a) EZAIDIF0| L B2 &5}, (b) @Z2® M F QI K| & 2t&kO| AFSEX| QI X SHOIGHE DX 8L,

Ed #3t (c) CIZHA OI0IXI #5} (=90 °)
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Single-Molecule Study of PBI Molecule in Solution Phase

diffraction-limited confocal volume) L 0l A 2+4
Ct.

S22 X 228 (single-molecule spectroscopy) & &2 Bt
HOZ 109-1010 MZ 3|4 A2l A2 S8 N2X HE
&l A (polymer matrix) EHE =¢&ot0 HH3 A A0 A
O DEst & DMAES HEXE S0IE2 0125610 27
StCH OFAIGH Olefst DXl AEHe HEAE2 S8 =5
OF Qo X sFE A0 MHets =0 Oetd 1
22X HEHAN DEZN M)l X 848 SUE YK
g A= BN MM S22 28 A0 e 2
&0l =0tXILD UCH StXIgH X AEHMS H=2A &€&
=&Y H7 £ A 5 08NS B2 2
(Brownian motion) [H=0ll 8tH Ot 2AECH S8 01E
: = 0188 HEA 2ZEH2 28 sHe =8 21

Scheme 1. HZ I A0I0t0I= (Perylenebisimide, PBI) & &} ( CHALO| 2=k
Jtssh AZ2H0l &= 2l = HAZ SHET 0 Qe A2te] SHstE 230t 2 HE0| EMEHCH 2 H 20l
Me HAHZetA N HEX +=E2Z PBI A AMAEE NHSIOIHH 89 AN AE2 I3 ote &8 2ete
S0l

Jlolst st HE 2560 A oFRJLH (Figure 1).

Hexane (€ = 2) Acetonitrile (¢ = 38) Water (g = 80)
500 = 300 = 16 200 = 16
@ 3 16 © 3 © 3
m 2 [ 2 é;t c m 2 2C
S £ e 2 3 Epd —iig 3 G w £ 8 3
€ 450500550600650700) © — € 450500550600650700]  — € 450500550600650 700  —
S a 0000 Wavelength (nm) 7 S 00, 00009  Wavelength (nm) 5 S gm Wavelength (nm) 7
g |l +® 8 ”ﬂ a® 8 s ®
- MA A Mol - | . - | st et b bt
0 T T T i i 0 y T ¥ 0 0 T T T " i 0
0,,5 10 15 20 25 30 0,, 10 20 30 40 50 0, 5 10 15 20 25 30
500{ \9) = 16 400/ (&) = 16 3001 () = 16
) g g
m 2 c m 2 c m 2 c
§ 3 12"_2: § i {;; 12"_!’: § EA 12"_!’:
S 2 5 g 2 3 o £ =l
‘2 "450500550600 650 700 8 2 ‘2 nspaossas 450500550 600 650 700 ,:; ‘2 W R R 450500 550 600 650 700 8 %
g ° pa. Wavelength (nm) i g 20%%%3%Vavelength (nm) 2 g ° 9%0000%00000 Wavelength (nm) a2
o ﬁ 4 =3 W 4 o . M 4
= WM = = it
MLM \ . . .
0~ i T y ? ? 0 0 0 0 T T T i 7 0
0 0 20 30 50 60 50 60 0 5 10 15 20 25 30
Time (s) Time (s) Time (s)
Figure 1. Ct2s S0HUIM CHE 242 20l= &Y PBIQ| HEEHZAIIF0I, Al2H0l [HE 24y L AHEY,
20 =S40 HE = PBl A2 S 42D <o, REE ()0l EP% sk (H, e=2), OLMIELIOIEE (A,
€=38), = (W, e=80)= S Z 8ot &&= MHGIULL = HANA= S PBl = NHAHE LESIGHH SN &f
HAM s ddotREE, HREE2 SZMIIF010 22 E€ZAMIIZ %4%% LHCHE A28 &= HEAE (one-
step photobleaching) & &S 22 X = WSotRUCH. L Olefst HEAE &M H=0 Figure 2008 2 == U
<0l, 22 PBI X0l 2701, CHEHH A G (stepwise photobleaching) 8 &2 2= otACH Ol F=H &4
ol SOHS =40l Sfoff HEHZ2HA0N DE = PBlI 2At2] S (20 CHE EZAIIE 20l A2z MzE
Ch =22 ZC2= S0 ¢ 0l et SAXHO=Z LIEHL= EZMIIF012 240| CHES &2I6HALH (Figure 2
A S0 oD OFAIEUO0IEE S 3 2 &0l S&otD 249 St gr=E= A2 & AMII=01<
BISIOF Q0| RACIQUCH BIY Z4ad S0 2O FP U ABO HAHIIF0II HRECE HSHN, BY
NIl 838t 20| Il HS= SOCIGHRULt. 012 Sofl A=dQ PBIZA2 A= E02AS A4SHE0| e = &
CIoHALE. Bt &=d Z0He B2 4A=4d PBI2 Jls =1t (cage effect)2 Cloll E0HA2 A4SHE0| OI0IFE
S=0IRULCEH 0 2= © PBlI 2A2 &S H0| =8 32 g U0l 2=lte XS Sol=MH, 8t 1
Z3E Sl S0l =X H= RIIZANE HELL 2SS 01800 S22 SUHAL EZ2ZEE UCH 0 &
= 20M EBHH0l = RIIEXNL HAIIsEE MAISSZMN O2et RII2NHES SN HRENdE &
2otH, 242 S0 ASHEU Uoll & 0 &EHC EE & 2012 JIUiG= BHOIC.
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9" Korea — Japan Symposium on Frontier Photoscience (24-27, November, 2013)
:Excited-State Dynamics of Various Molecular Assemblies Probed by Ensemble and Single Molecule
Spectroscopy

4t Asian Spectroscopy Conference (15-18, December, 2013)
:The Role of Electronic Coupling in Modulating the Photophysical Properties of Molecular Assemblies

8™ International Conference on Porphyrins and Phthalocyanines (22-27, June, 2014)
:Photophysical Properties of Porphyrinoids and Their Assemblies

24" nternational Confernece on Raman Spectroscopy (10-15, August, 2014)
:The Role of Electronic Coupling in Modulating the Photophysical Properties of Molecular Assemblies
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“Angewandte Chemie international edition”
A% 3 u Author Profiles = A

Ang dte

Angewandte

intemationaledition, Chemie

Author Profile

D. Kim

The author presented on this
page has recently published
his 25th article since 2003
in Angewandte Chemie:
“Modulation of Dual Elec-
tronic Circuits of [26]Hexa-
phyrins Using Internal Aro-
matic Straps”: H. Mori,

J. M. Lim, D. Kim, A. Osuka,
Angew. Chem. 2013, 125,
13235-13239; Angew.
Chem. Int. Ed. 2013, 52,
12997-13001.

Angewandte
International Edition Chqrgiq

2012-51/39

e

WWILEY-VCH

The work of D. Kim has
been featured on the inside
cover of Angewandte
Chemie:

“Hexaphyrin Fused to Two
Anthracenes”: K. Naoda, H.
Mori, N. Aratani, B. S. Lee,
D. Kim, A. Osuka, Angew.
Chem. 2012, 124,
9994-9997; Angew. Chem.
Int. Ed. 2012, 51,
9856—9859.

5240  Wiley Online Library

Current research
interests:
Hobbies:

systems
Hiking, reading, and skiing

Dongho Kim

Date of birth: November 1, 1957
Position: Professor, Department of Chemistry, Yonsei University
E-mail: dongho@yonsei.ac.kr
Homepage: http://chem.yonsei.ac.kr/ ~ fpies
Education: 1976-1980 BS, Seoul National University
1980-1984 PhD with Prof. Dewey Holten, Washington University
1984-1986 Postdoctoral research associate with Prof. Thomas G. Spiro, Princeton University
Awards:

2005 KCS-Aldrich Award (Korean Chemical Society, Sigma-Aldrich); 2006 10th Korea Science
Award in Chemistry (Presidential Award): Star Faculty Award (Ministry of Education and
Human Resources): 2010 National Science Achieving Excellence Award (Yonsei University)
Ultrafast time-resolved spectroscopy; single-molecule spectroscopy: functional n-electronic

In a spare hOlll‘, | [ go hiking in the forest and mountains.

It 1 could be a piece of lab equipment, I would be ...

a very stable and tunable femtosecond laser.

My favorite saying is ... “do your best and don’t regret what you’ve done”.

My favorite time of day is ... when I'm drinking a coffee in the morning, before I open my e-mails.

I get advice from ... my colleagues around me.

[ advise my students to ... be real professionals.

The principal aspects of my personality are ... enthusiasm and patience.

Whm I appreciate most about my friends is ... their trust and belief.

My favorite painter is ... Claude Monet.

M_v favorite piece of music is ... the Piano Concerto no. 5 by Ludwig van Beethoven.

Thc biggest challenge facing scientists is ... maintaining the originality of their own work.

My favorite drink is ... a glass of cool draught beer after hiking.

My S5 top papers:

1. “Directly Linked Porphyrin Arrays with Tunable
Excitonic Interactions™ D. Kim, A. Osuka, Acc.
Chem. Res. 2004, 37, 735-745. (Time-resolved spec- 4.
troscopic measurements were conducted to character-
ize the rates and yields of excitation energy migration
processes in various forms of porphyrin arrays.)

2. “Mobius aromaticity and antiaromaticity in expanded
porphyrins™: Z. S. Yoon, A. Osuka, D. Kim, Nat. Chem.

2009, 7, 113-122. (Summarized contributions of sev-
eral research groups that had succeeded in synthesizing
Mobius-type molecules.)

3. “Determination of the Superradiance Coherence 5.
Length of Directly Linked Linear Porphyrin Arrays
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