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Main Strategy for Investigation
of Molecular Photonic Devices

Ultrafast Spectroscopy
(Optical Pulse Manipulation Technique : E,, 4t, @, §t), @), é

Artificial Light-harvesting System \s,
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Space-resolved Spectroscopy
(Solid State Characterization)
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Transient Absorption Spectroscopy using Sub-30 fs Dual Vis-OPA

O] BEX HOIMEAL MAXE Iz & & 42l M0l= A0l B2 optical parametric amplification
(OPA)E == & BEXO ZBAZ JIAZEUAN HASNK 2 e MEIIHLES SAI0 MSEHCE.

J|Z2 800 nm, 5 kHz 2| Et=&, 100 &= 2A

e Z 2 I} X amplified Ti:sapphire laser system2 DZ2 g

- Ol EAE AFESHA € L. Lithium triborate (LBO) £ Of

zmmzem——£ | ] 25101 400 nm /o0l OITIZSIIE AMAAIZI=C 0/
PR m  ———. 2 OPA System®| pump beamO0| EIC}. 1212 Ol X =3I}
mm S MAAIID L2 800 nm HEAZS JpXD AR

(white light continuum)Z St=3H &i=0 0/210] seed
beamO| & C. pump beam 1 seed beam 2 22 Al2H0l
S B g 22221 beta barium borate (BBO)OI

| Short Pulse Generation Mechanism |

Signal _
punp Gy 47O BAS 0 DHIEZ= AIR=OZ RH0| S0 0/23 seed beamS
(AL=100 T Ay mm) . pump beam Ol 2lo BBO 22l & 0iJiES (optical
et Parametric interaction)2 Sl S=E0 JAIZ A A

9| signal beam (10 mW) 1t 2 & 2| A H A | idler beam (8
mw)O0| 20l LI A & Ch.

BBO

Seed (contimuum)
(At >200 fs, Av> 500 nm)
Broaden by Chirping

. a
Analog PD1 : Pump-induced Probe I‘* s'l Prev. Delay Stage
Lock-in <— Processor . ] 1 L ~
::w:n 10[A1/ 1B PD2 : probe only \~1 | Max. Range ~180 ps
I
BoxCar2 New Delay Stage
~1.8 ns Max. Range
BoxCarl T T T el T }
PC
NOPA2
NOPA1

Ol2f8t HIHE SAHWME OiJHEHS (parametric interaction)= 2 6t= &2 2 &9 (450 ~ 1000 nm) & It
S 2F MEAZ = UCE UM A D F 2t AEE ZUGHH 2EotES otH, =& signal beam
2 prism pairE 0| 86t0] =2 6tH 2 30 BExX O|LHS EAE 20 = UL O|AZ2 o=z S Y
O SYAOI MEIIE NOPAE 4=, 22 0|, & EAZ AIZ5I0{ 30 & s
E4 245 YIS 2HGIUCH E8 0] HH|S 2402 25H0 A2 HO| CH
AMZ2t20H =2t E HISYHE AMSE =2 MSUHESHIE XD = 2401 D

0.010 1200
[} Crosscorrelation
FWHM= 38 fs 1000

800
0.006

600
0.004

Intensity (arb. unit)

400

Autocorrelation Intensity (ar.b unit)

0.002 4

200

i T T T T T T e - A S =
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Excited-state Photophysics of Expanded Porphyrin Series

400 WEJIZ2 OIFAHA ZHI A WEJ10F 6ded i FOtel & & ZLIlel (expanded porphyrm)OI g
F

/D, O FZE L2 ZOen e OE 24 2010 IIEY ’é‘ﬁOﬂ =28 I 22 MAHE o
2t =N (conjugation) ot= -8 A2 H+=E HSAZ2EZM HEH (aromaticity)S =& & # U= S8
JHRICH OHe2ZM & 2o HtE A 2 S= MEHe 229 HHA (planarity)2 22 &= USO0l

A M UL

Ar. Ar
N N
Ar Ar
Avr
Porphyrin Pentaphyrin Hexaphyrin

(4 Pyroles) (5 Pyroles) (6 Pyroles)

CoFs CoFs

Decaphyrin
(10 Pyroles)

Octaphyrin Nonaphyrin
(8 Pyroles) (9 Pyroles)

MM 2oz BHH0| JIE £ aromatic [26]hexaphyrinlt non-aromatic [28]hexaphyrin® &322t
A RUCH. ZUI 20 conjugation0] SIHE 0 S+ HESO| FIMELZ 0ISEHH UALMH, S, state=

NIR A0 A LEILIA S0 O =Y ~100 ps 2 S ACH. LXHEHOI HatsS E ot &
hexaphyrin2 nearly flatst 2Z&E J} X0 molecular orbital® Z I 2Dt RAIS SHEHE E0F== A2 &0lot
L BItE conjugation 2 0] 2, aromaticity [H=Z 0l & Xt HIAE &S H+=II ~10000 GM2| 1L 2 Bt2
SH=ALE.
2.0 . ' . .
- -m'r‘ 0%
s 5
= 2022
154 z > »
® » LUMO ) ) ’ " LUMO
= S
© 2 +—
2 10 E IRF S ‘. 6 9 :
; 3 e'ig
2 S | T %
g 0000 Yot
S HOMO HOMO
5
f w [26]Hexaphyrin [28]Hexaphyrin
lpu:400 nm 1.004
m o, o
0 % 0.98
S 3, =640 m £ 0.964
- g [%2]
8 ©1=98+2ps 8 0,94
< = ; '
- - [
% < %,=570 nm 5 0924
[
98 ps g 0.90-
z
50 ’ T\msemDe\ay(ps) o 0.88 9890 GM
400 600 800 1000 1200 1400 20 o 5 0 20
Wavelength (nm) Z (mm)

>




Newsletter A 8 &

AT/ T (a.u.)

[26]Hexaphyrin

[28]Hexaphyrin

s,

Reaction Coordinate Reaction Coordinate

A O
T oy

et [28]hexaphyrin2 20 ps2l S, -state
< 2 Stokes Shifts 22 QIot({ Crekst

£ 0l IJIXl =
hexaphyrin2| == hexaphyrin ring2l
SoHel TEJIe REHEE 018010 8382
Z X0l ZIACE. Free base EEH2t Zn, Cu, Co
2 metallation® doubly N-confused hexaphyrin
9| S,-state =0l & JH2 NOPAE 0|28t =2¢
E+ ZZYUS 01860 G 20l €2 =
AUCH ZOIE SEX 2k B3, FB-hexaphyrin
2 Zn-hexaphyrin2| =22 62 ps 0l A 270 ps
o2 BEE=E AE 2 = UM, Cu-hexa 9 ps
+ 29 ps, Co-hexaphyrin® 700 fsZ 0i< ZetX
A El=0, Cus 22 %9 d-d, d-n* stateS 0l
2t T 1, Co0l B ==H-cl2tE AMOIUMS &
5t0l= (charge transfer) statedt ZF0{&l0f S -
state =H S Zno ZRELH Bl ¢S X2 =2 0
&= o &I C.
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273 K
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Time (fs)
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570
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[26]Hexaphyrin ~100
[38]Octaphyrin 8.1
[42]Nonaphyrin 0.22
[46]Decaphyrin ~0.17 ~1
(86%) (14%)
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[26]Hexaphyrin 1 (igg gj )
ZnO2Hexa  5.46 (277630‘/15) (>2z1100/: )S 610 510
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CoO2Hexa NA 700fs 620 620
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Excitation Energy Hopping Process in Dendrimer System

Ote Mg _
e weoll  foe . =% . Threa-branched Dendrimer
G O T e g° ST S TN
| # LB

o a_
ore

0

Two-branched Dendrimer T4

&y

AAHO EMots 24 Zed AAES B80t¢ 132 etd 2AAKE gdot)| ?lol =83 M2H
22 280 JHBO. 2ARAHUNM= 22X 100182t SRZES Sofl &4E Cr2s ZOIg g S
0126t S=4EHUAL OIHAl OIS0l s 2 ARE =aioi 2Lt =20 = Dendrimer AIAE S 0]
Z5t0 O 2JIE MZSHAH &g 2= Az Ao et AR0F JAHSO0ICH gE NeE SH2=56H]
phenyl ester spacerE generationA|Z2! & ZH&H( =

2l dendrimerfll M2l S Ol X
&MY (excitation energy hopping) = FAIDF 252 2, 301Q! 2-branched, 3-

T ¢)
branched type@ 2 U= HIWE & == UA =L

10 R590 in Methanol 1P,
pC Parallel
8 Perpendicular T T I2P'
% Pump/Probe = 550 550 nm o
Lock-in Lock-in ~ 6
Amp. 1 Amp. 2 %‘ T L LI
| | g ] 6P, C
Analog Analog £
Processorl  Processor2 2
10[A)/1B]  10[AI/IB] T T T T
Pump Probe = 12P
04 = zn
>
r ©e 07 —_— g
= T T T
1 0.6 4 °
M2 plater—3 %] 24P2n
Vertic; =
05 = c
| p t =122 ps 2 . -
I o > 044 T T T T
I 45 © polarizer g ro =0.39 3P,
£ 034 "
1 Polarized 2 r - v At
I Beam-iplitter 1 < 024 infinity T T T T
o 01 18P,
0.0 Y ¥
T T T
0.1+ T T T T T T 36P,
0 100000 200000 300000 400000 500000 600000 "
Time (fs) 0.00

T T T T T T
0 100 200 300 400 500 600 700
Time (ps)
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Sdet EHE e i M AIAEUWAS HUHA 8 SE= Al2t2of HIS®HE A8 AI2HS 0/S0tH
=Y = UL =2UE =ZEX0NMN 6] A D %‘é‘ *é*_ 9| polarizationE BSIAIZ2ZM 1 AlZ2H0
OE AZBAIZISE 2= = AL 2 AFHUHAN= HISY A =, - 1)/, -21)s s8dt=
O JqA0M & BZeS 1, 1| E %/\IOH A= jqJ(I% 0o SP Ct. IOl HE A2 =Y = OtLlet &S
HSHIE D& Agl HIoH 1OHH Ol&t BIHAI21&= ’é*% JWU JIEA S 2l R590 dye X0l LSt A& S
Soll 122 psQl I MEUETE BS £A/UCH L& HIH (depolarlzatlon) AZ2t2 22 SOHLH 240
O|st 3| & (rotational diffusion time)t S UK 8 & (EET)O1| Oloh A BH A & O &L

LIH Xl dendrimer0il st =2tE% HISE Name 7 T, 13(R0t.Dif‘f.)

o ABEASEUA WE AZHCHUA L= Ol

UXAY =c=2 o2 29 & T & LFEFL R590/MeOH - - 122

ALCH. Dendrimer®] AJ1JF HE =5 WX 1P,, - - 316.4

dY = SItotd, Jk2 JHel, A2l

M 20U HEX M0l = o] ALFAA 2P, 158.2 - 1600

2 =0 22 L 2 QL EUXOR UM, 6P,,C 180.7 - 2980

generationO| ’SJPE' =5 &*S =1/ shell ot 19p 242 207.8 3340

Of 22 Il SR HOLE 280l gl -

O 22 QI5H0d SIM AtolS] AHeldt DIkl 24P 189 130.7 3690

KO MUX 8 SE0F getXA 2o, Ael 3P, 26.0 211.5 1560

ol e UHX MY ST E J|=0ot= Forster's

energy transfer theory0ll 02 & 2= A= 18Pz, 219 187.7 3300

510l & & QI[}, 36P,, 37.4 306.2 ~ 3700

5 1ol I —o OI248 OILX MY BAS &2 &

s — EMLHS 0|26 A2 832 22

£ £ — g 0l 88 S, S,state 0l A 2

3 f— population decayOll A& 2=g &= U

e =0, dendrimer 3210t S0t8t &=

E s Xl &0l jP‘*Oﬂ ot etz 2l

5 H old state2 =YAI2t0] elES &

o0 0 2000 4000 6000 8000 10000 2 0.0 T T T o'_lal-gatl-
Time (9 Time (ns)

HESYE AZZRH SEE UIHZ AIZ22R2H 2 S2X S22 UK 8 Al2H0l T2 280 &4 5
O QUCE. BHXICH dendrimerl] SA 4t rigidst 2X0F ol T/ X oM, 02 st X kX ASHH A A0
Sl 2o o Y& 3CE P ?ISH, 2 HAHUAE OIZS22 IR Z&0| Jt=8t guest ZXHE HICH
Ot 012 = dendrimer0il ZE2&C2M & FEE FXE 0= = J2H, AXH0 FEHE SWE2Z HY
HAZI HUHEXE s 4= olel WAGH™E D, 8 XAt ARE =8 S0l JACH

158 ps

o L S B
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Nonlinear Optical Property Measurement of Various Porphyrin Arrays using Z-Scan Method

28 8JIEO0l OHEO It XA &S X0 2550
U= EXLEY SHE S0 22 MIIEHU ol HIEE

Moz BIEaIH &1 0|2 2ol Mg TS IH&E 2=
AMOIZ IRl &&H =Lt E8, L=t 22 &
AS0| 2MolH =ICH 0l 22 22 S DHJHE 8?04 1t
Ol OE 20t 20l A2 A4SEESH |14, ADI, =0t i
4 S0| Hote Sa2S HIdY »s & *(nonlmear optlcal sbaorytion AW ——
phenomena)Ol2t £ 2Ct. 0l218 A E sk A2 CHAl deirpurndly mi‘\ emission
2% HIEE I 3 HIMEOZ LSO XD €8 1 JI| l I
HI 33X Hidg Zst HA F GtLC 012X &2 (two \ ]
photon absorption) &S =& &8 = otLIC!I Z-scan
methodE O0|&0ot0{ Crst ZOi2l ofdlojof 28t 3xty] @
S ZAstN HA8 2 =86l #EHOILLH 012X S48 one-photon two-photon
Aolet, HEE2 %QOHH HEL = HEHANES HY excitation excitation
OIS 20| e 28t LS SE0 ZAFE [H Bt AFEH
(Ground State)l M St JH2| ZXE S0t O J| & Bl (Exited State) I &l 1) ChAl 22 &l 22 WO bte
MEHZ ES0t 2E Aidte 2l & 2 22 SAI0 E=0t0 GIIAEHIF &1 242+ IUHAIE 42 =0l
S 2 NUNEL & =2 XS Z2XAE YEolH HIEHAYEZ &S0t L= &S 26t (Fig 1.)
Olefst 0|2 X Ex84 *8 X Li: DIME M, % MOl Mst, & 9eiXg, 3k E2EHE, 8 =& &0l
d S E2 SEE0 A0 giol NIHAM S M HAH 2=20AM CHEst AIZe J1JI12 880l S+ &0 U
Ch. 2 A2 M Hol& 012X E&22 =017 /I8t 6ef Al =X des Sz s CHest
1| el (Expanded Porphyrins, Helical Porphyrin Arrays, Strapped Porphyrins, Fused Porphyrin Arrays)E At =2
OlZotd ZIUjel0l 253X HIAE ZstH SEL4E Holell S8 S0 ME2 3202 HEOHAL
Data Fitting Equation TPA Cross-Section
‘A (—a 3hy 31 0@ = TPA cross section
T(Z) 1 a@o(l e )2 oc@ = w C = Concentration
2%(1""(2/20) ) N AC N, = Avogadro Number

/- sample length, «: linear absorption coefficient

— 1050 cm4 1 1
z: distance of the sample from the focal point 1 GM = 10" cm*s photon-tmolecule

Iris
Reg. Amp. Out

SR =
/ \ Averager
A |
800 nm, 5 kHz
\{ \ () Variable ND
f

Hurricane 0 Ag Mirror Plano Convex Lens : Sample”
(5 kHz, 250 ) < TOPAS UR) L1 (casix, 1) (focal length : 100 mm) (L mm C;ﬁ
(Wavelength Tuning) Center Mount \ v PD 2
(New Focus)

-
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Perfluorinated [28] [28]hexaphyrin [26]hexaphyrin
Expanded porphyrins & S&22Z 2AXHQOI Xt o(2) = 2700 GM o(2) = 4500 GM 6(2) = 10300 GM

Z0A &Z2 2871 conjugation pathwayS J+&l 8

A HENZE twistE perfluorinated hexaphyrin[28] =™ ™"
o 020 H BHAH0| £2 [28]Hexaphyring Hl i
Woll 2AS W FBHAO0I TPA 240l Jlelsts &
2 AAD, aromaticityS 2D Yes X PE |
MNog [ otXGICH= Hikel's Rule(4n+2)0i 2 -
ot [26]hexaphyringE =& 05 F‘Zi; M, flatst T T T T TR e T
AL X etE aromaticityll 2242 HF=10 UL TPA Cross Section Increasingssj
ol 01BN E45201 O FHOLICE 22 2 + 'Y fy
QIALCE. 0| HARE AlxX2 tXst &H& gl e Flatness Aromaticity
sz 02X =841 planarity,
aromat|C|ty O AIMBHE T ¢ Yol ¢olI| £
ol A= ARE 3 SOICH ¥
Chest ZEcl® o7 22 2 LUAE Hi=-
= AE AZE zZn ZII8 Hel0l0l guest 2NHE &
ot =28 el 28 0|H24S ZEGIHAM nt-
SHA0IE HSAIAHIIH 10l THE olZX ExaE
_— . S 2 Eo5tACH 1 Z 0 Z2(dimer) 0l A Z3(trimer) 2 2
PR .y D M TPA {0l & & BHE S SIiote A2 2 &= AU
o h Lt z4, 782 2 &2 1] 20| EX ZoGe s &0l
Zap 8, e 1 8= Mo s MCH 2 Ol2= guest ZALZ CIGHH A2+ HHA
T e Fin ot T-B M0t SIHGHAICH Z8H & & <F 8)H_| &
XOF & ERIMZ 2= A2 ey = JARUCH
0l2ist E0l22 Z4=2 216l orthogonal ZZ(dlmer)Oﬂ
N ZEIOE SHRIHZ2te HE RIXIE ORI 222 F
= %%DIE HZEGI0 O 20IZ HIAIAIIN OIEﬂ
= ot = strappted zn XZ U 2 o 1,7-
Sample Con. (mM) B (105 cm/GW) o® (GM) diaminoheptan ez EIjgl &< i-”_%_él ol Ay= zZn2
BH<IAIZ! Ol Z=- D1I£ & HZE Zn ZOIE A0l (Z2,
z2 0.110 1.2 4500 on Z3 Z4,78)2 HIE 22 & [ ME=E2=2 OID43*° =
73 0.043 1.0 9500 o Dot 20l HE = g-oﬁ 10129 At ZHE S5l
z4 0.061 18 11800 o
78 0.058 18 12800 20000 =gHoll 2 EH porphyrm arraysE &4
ot 0101 &2 24 =0 AY triply linked fused
porphyrin arrays = X 3%E

1 O|J,+I+ SA HAS AS
of=0 AN 2 IIHE S 2 UL

Ol O{AH0lE -2 WEKIAIN} 1 HE 22X
BCH OHRGIH B HAG 0 YO LB A E oo, ; 0. T
n-& &+ delocalization2 =10 U HI&dS &8t _ Fused Trimer (40000 GM) e
N EMZ DEGIIIN OIARO ZAS A=D QY S : A
S2 ol=g 2 UACH 1 2 fused dimer OlA S 300001
15000 GM 0|2t 2 TPA 2t2 212 2 UAD olal 6§
010 SOf Lol et 0 gt Cot MERO2 ZIF G s0000 o
82 2 5 UJALH 2 HFRHE2 0la4s Chst 2 Fused Dimer (15000 GM) 28,G (12800 GM)
porphyrin BiE€ =S S¢& &g &2y S42 A 8 oo Q-G {LIBOO MY eer @D
FEOZM HIME &S A0 25K RIISE O S °ZSG<960°GM>
HozE Ol4Xel 2X2es MAlstD ozx g @i s am) O (4 .
SoaMo HES SelsetA HItLIESS %ol = 01 °2n0EF‘(44GM) EELT T
=Sl =&8sS @E50=2 (s S220H0 stZ2 S —
O CHtM D AL Porphyrin Arrays

0
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Single Molecule Spectroscopic Investigation on Conformational Heterogeneity of

Directly Linked Zn(Il) Porphyrin Arrays

2 A= |aser scanning confocal microscopyS Ol206t0 =2 =9 Zhigl odlololA LEL S
ZsSe SAS 2Eols 2 2oz & Zalgl odiolE ol2ot O nanowire JH &2
238 SHW 2dGtLA SEX +F0 E2 AN 2FHD UL OetA 2 dElMds Za2 2XE
HAHGU0| AT HZAZOEZEMN 22X 882 zUSE 4= UAS = CIXCIGHALCE

-2
HI
>
s
-

o k>
>

@O @ Insingemolecuies [ 2
0 O Insolution

per Porphyrin Unit

Fluorescene Quantum Yield
o
g
Fluorescence Intensity

Zn,n=1,2,3,4,6,8,9, 12, 16, 32, 48, 64, 96 0011

0 ™ 4 6 & 100 120
Number of Porphyrin Molecules

=

—_
N

o
8

5

Fluorescence intensity trajectories
2 =EZ XDt photobleaching 2 [T Dt
A X F=He| stAFXol ol 2
el EM42 2FESHI| [l JI=A
OF HAAZOOF B 2 Ol
Ol el 22Xt &It & 21
Time (ms) SH ZOlgl 240 SOteoll et
Moo= 2 2 9 stepwise
. photobleaching2 = CICt. JefLt
w 216 2 H = off-stateE = B L.
. 7322 20{XIH %2 off-stateS =+
© BI5LO] =& &t trajectoriesE 20|

Occurrence
Occurrence

8

Norprelized Intersty

8

Counts (30ms/pixel) @
&

Counts (30ms/pixel)
Counts (20ms/pixel)

—

o,

=
—
-
=

Lt stepwise photo-bleaching & &2
Z A2 FLL

Counts (20ms/pixel)
Counts (20ms/pixel)

84
§4
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