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Two-photon ionization (TPI) of picene (Pi) in the presence of cyclodextrin (CD) was investigated by using 266-nm
laser pulse excitation. TPI of Pi was compared with TPI of phenanthrene (PH) and chrysene (Ch) from view point of
the number of benzene rings. The formation of incorporation complex of Pi with CD (Pi/CD) was confirmed by 'H
NMR measurement. The transient absorption of hydrated electrons released by Pi/CD was observed at 720 nm after a 5
ns laser flash at 266 nm. The ionization quantum yield (@ion) of Pi in the presence of a-, -, and y-CD (1.0 x 102 M)
was calculated to be 3.4 £ 0.1%, 1.9 + 0.1%, and 1.7 = 0.1%, respectively, and it was attributed to the stabilization
energy arising from solvation, which was affected by the area of Pi protruding from the cavity of the CD. When the
concentration of CD was lowered to 1.0 x 10 M, @y, of Pi was increased by the stabilization energy arising from
solvation. Additionally, we found that @, of Pi with five benzene rings was much higher than PH and Ch with three
and four benzene rings, respectively, which is because its structure is relatively susceptible to the stabilization of

solvation. Overall, we concluded that the stabilization energy of solvation is important for the TPI of Pi/CD.
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Ala], KIZAAMESE 5 OKEREF N OIEEET2) 20Ty 78532 MU > (CD) 32507 v a—
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Fig. 1 Molecular structures of PH, Ch, and Pi.
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3. WR-EE

3.1 Pi & D DBEEAEDRAE

CD DZELY A X2 LD Pi O TPI ~DO B2 WHEIZ T 572018, WELZERNT 5 Pi OF 03 MR/ & 72 D4R T,
T 72 Pi 28 CD OZEFLNICE b IR < B8 S 172 PIYCD DL E LA % MM2 ¢ Minimize energy VN CTHiH
L7z (Fig.2). o-CD, B-CD, y-CD OWNRORKE SITENZEI45A, 70A, 85A THY, BROESIZTTT.0
ATH%. PiOEH, HiNIZNZENI13.6A, 45A THD. SHEEROHEMER LY, o-CD TILPi DB
BRO—ERNEHE S, B-CD Tl a-CD £V Pi BNZEALNICEHES B SN TS, y-CD TIEZEARNDOHLNELS £ T
AESNTWDAREME DS RIS N, £72, £ TDO CDIZBWT Pi & CD & D 1:2 AHEEMATERL O ATREVE DRI
.

Pi/o-CD Pi/B-CD

Fig. 2 Minimum energy structures of Pi/CD complexes calculated by MM2.

WIZ, Pi DFTIMZLE D CD O 'HNMR A2 hLdD 7 kLY PIICD OE 2R L= (Fig.3). CD Dt—
ZIELARIO#WE LV FEE L2, 2T, Sppm AHEICBIIS - — 27137 v a—2a=y FD 1 i H &7
LTHEY, PiORINZE > TOTNURESS S 7 M35 2 s Sz (Fig. 3, leftinset). —JC, 2 ppm £
ITICBIA S 72 CDCN O B — 27 (3L L 72\ 2 & kiR Siv7z (Fig 3, rightinset). DART, Fix (3 CD IZmfES
NWIeA Y dp-7 ==L D TP /Gt L TR Y, FHREOREINEISER TS 7 a—20 1 Lo H B—
JDYT7 NEVAY dp-T == LS CD & OEHESERTER A HRE L T 0. 2 ORERB L OHE LY,
Pi/CD DEDER STz, £z, TORESEY 7 MIWTIL0 CD 2B W T HEBLIHI E 7.
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Fig. 3 Left) 'H NMR spectra (400 MHz, 25 °C) of a-CD (1.0 x 102M) in the absence and presence of Pi (7.0 x 10° M) in

CDsCN/D20O (1:9 v/v). Inset shows the enlarged image of 'H NMR spectra at around 5.0 and 2.0 ppm. Right) Molecular
structure of o-CD.
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Fig. 4 Left) Absorption and fluorescence spectra of Pi (1.1 x 10 M) in CH3CN under 266-nm excitation. Right) Absorption and
fluorescence spectra of Pi (7.0 x 10 M) in the presence of a-CD (1.0 x 102M) in CH;CN/H20 (1:9 v/v) under 266-nm

excitation.

3.2 Pi DBIRARY FILELUVEHERRY ML

CH;CN FUZEIT D Pi (1.1 x 105 M) DI AT b LZ2HlE Uz 5, WK R 13 280 nm A+ T |81 &
vtz (Fig. 4). F£72, 266 nm JihiEL T T 380 nm DI B2 RT3 A7 MBIl Sz, ARk, %
CD (1.0 x 10°M) H£HFTFIZEHIT S Pi ORI AT MLz RIE L72A5S, CH:CN HIZEIT 5 Pi bbbk U IR

0.4

AAbs.720

AAbs.m

AAbs.720

Time/ps

Fig. 5 Time profiles of transient absorption of Pi (7.0 x 10°M) in the presence of CD (1.0 x 102M) in CH3CN/H20 (1:9 v/v)
after a 5 ns laser flash at 266 nm. (A) a-CD, (B) B-CD, and (C) y-CD.
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NT0— RNICEET 5 L LIS, AHEDERER (400-800 nm) (2331 B WRINE OB S iz, Z OREEIT,
'HNMR 7B Z & » THERR S AL72 PYCD OIRLE KR L CvD. F£72, 266 nm Jiliie T CTHOE AT MVERIE L
7R, o-CD, B-CD 317 FCid 430 nm f13T, y-CD 347 FCld 405 nm (I8 AR BBl <=, CD
DTN EDWULARY BV LA MVOZEIE 1.0 x 10°M O CD IR b B STz, F7-, 8l
W ENTEIABRIE R LD & CD 347 T2 5 Pi b —EIERIES) D =RV F—(Es)iL 2.9 eV LRI S
7e.

3.3 PimTPI

% CD (1.0x 102M) HAFFIZEBIT D Pi (7.0 x 10°M) (2 266-nm L—H—Je & BE U7 B8, BIE 720 nm
IZBWT ey lZIRBET D AAbs. MBI S 72 (Fig. 5). 2 OFERIT Pi OXA A bz R L5, LavL, CVilll
B L > TR LI Pi OFEERR IR TEN(0.34 V)LV EHINZIP X 63 eV TH Y, 266-nm L—H — g}
XD 13T @7eV) TIEPIiDIP IZ 1.6eVmmniavy. LoT, PiDNA A 1UIES (Esi=29¢eV) Zfi7-B
BER72 2 SR K B Y61 A Ak, 7B TPI THhD Z EBHL N E 2o 7= (Fig. 6).
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Fig. 6 Energy level diagram for TPI of Pi by using 266-nm laser pulse irradiation. White and dashed arrows indicate

photoabsorption and energy dissipation, respectively.

Table 1 Ionization quantum yields (@ion) and fluorescence lifetimes (t) of Pi in the presence of CDs in CH;CN/H2O (1:9 v/v).

CD Conc. (10° M) Dion (%0) 11 (ns) 12(ns) Tav (0S) A1 (%) Az (%) CHI
10 3.4+0.1 49 18.2 6.1 91.0 9.0 1.00

o-CD
1 14.8+1.3 4.5 154 5.7 89.2 10.8 1.00
5.CD 10 1.9+0.1 5.5 2.7 3.5 69.2 30.8 1.00
) | 12.740.5 43 14.1 53 89.3 10.7 1.00
10 1.7+0.1 39 35.6 6.3 92.6 7.4 1.06

v-CD
1 12.3+0.7 5.0 19.0 6.2 91.5 8.5 1.00

3.4 PiDAALEFINE L HNF

% CD HIFFIZBITD PID By & 1% Table 1 (/59 22T, AlFEH, CHI (A 1312V IE gt o
FEERENZ L &2/R LT 5. a-CD, B-CD, y-CD (1.0 x 102M) 317 FIZEIT 2 Pi D G 1TZZE4 3.4 £0.1%,
1.9+0.1%, 1.7+0.1% & FH S, CD OZELLY A RIUKIEL T Dion DT 2 Z LR ST, £z, T
D Pi D 1, [F a-CD, B-CD, y-CD HAF FIZEB W TEINEI 6.1 ns, 3.5ns, 63 ns LG5, 4 CD HAF Tz
% PiD By M TIEIF LI EBAL N E o7 (Fig. 7). 2B OFERIL, 4 CD HEF FIZBT 5 Pi D &y,
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Fig. 7 Left) Plot of ®ion vs. Tav of Pi in the presence of CD (1.0 x 102 and 1.0 x 10 M) in CH;CN/H20 (1:9 v/v). Right)
Minimum energy structure of Pi/a-CD (1:2) complex calculated by MM2.

23 CD DZEHLANA~FEH LTz Pi 32T ARSI O ZEL =R VT — DB ER L TWD Z L 2R LT 5. IR
92 CD OEEHE (1.0 x 102M — 1.0 x 10°M) IZBWT, a-CD, B-CD, y-CD A7 FIZEBIT 2 Pi D G, 1 X
FNEI34+0.1%0°5 148 +1.3%, 1.9+0.1%05 12.7+0.5%, 1.7+0.1%7535 123 +0.7%~EMRK L. =2
T, Pi D 11% 0-CD, B-CD, y-CD HAF FIZIBWNTENZIL6.1ns 705 5.7ns, 3.5ns 7*5 53 ns, 6.3ns 2°5 5.2 ns
~Z{EL, B-CD ZFRUVT 1.0 x 102M @O CD IRIIRE & [FERIZ, Pi D @y 23 T ITIEAF LIRNWZ ERH B e 5T
(Fig. 7). £ 5T, CD OIRFEDHINSED Pi D Doy D KITEHBEERTZROZLITER L TN D EEZ DD,
FKR &L LT, CD DIREDOHANIMED 122 sk (Fig. 7) OIREODNE Z b, #iFe LT 11 aEshik
DIREDNERT D Z & THIEMO L E T RN X — DB L2 T < holctEZbND. LoT, 4 CDt:
£ FIZI1T % Pi D TPHIEHESERTE R D ZA AT O I DL E b T RV F—DREITHR LT D Z & AR
Stz

3.5 PH Ch 8XUPi ®TPI L&

PLRTORFFRIZ BT, Fiex 134 CD HIF FICEBIT 5 PH & Ch @ TP 2 L TRV, XU UBROMDFAEIC
K ABEFI O =R N —DZITRT L ST P ML THZEEZRELTND, 22T, PH LV
(B UMD 2D, Ch LY H_UEBUVED 1 2L WP O TP 2 PHEBLONCh LH#Z L, XUEBUEOBD

@, /%

Fig. 8 The ®ion of Pi, Ch, and Pi in the presence of CD (1.0 x 10 M) in CHsCN/H20 (1:9 v/v).
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R KD 0FV A XOBLES PAHs O TPI O A 1 = X L& faf L7z (Fig. 8). 4 CD #:4£ Fl2kiT 5 PH,
Ch, Pi ® P, 1T a-CD HAFFIZHB W TS @mVMEZ/RT Z & 23R S 4L, PH, Ch, Pi® TPI(Z a-CD G H T
HHZEERH L. $£72, o-CD HAFTFIZEBITS PH, Ch, Pi D &, (TZNEI 2.0%, 362%, 34%&HHS
NTEY, ChBNEbEW G 2Rk LT, HNZHSE L7 PH & Ch OIZIBWT, RXUB VRO 1 Sz
HZET D NERTLHZLEEZRELTCWDD, Ch & Pi OHEIZRBW IR B UVEBOEDN 1 2202 H D
59 Qo DT D Z LRS-, 22T, o-CDHEAFEFITHIFTH Ch BLOPIi D 1,0 12.0ns, 6.1 ns TH
HZEMD, ChBXOPIO TPLIZBW I TIZER LTS EEXHND. B-CD, y-CD 77 FIZB W TIiX Pi
D Pin DB EVMEZ R L2, ZORERIT, NP U BROBOEEKRIC L » TR OZEL— R X —D %
ZFRT L o lnled LRBE SN2, THHORER LY, o-CD HAF FIZEIF D Ch OREERI: TPL 27771
DD, RXBUBROBOIKRIC L AR OZE TR =D &2 PAHs @ TPLZEK L TW5 Z &
DRI S 7z,

4

AR TIE, BREEAGHRINOD 72 D DN FREAR D BRFEOH 38D 1 DT % TPL D A Jj = X L OfEA % By &
LT, PHEYDHERUBUEBEMN 2, Ch LV ER_UBUEN 1 DL PR E LT, L—Y— e %2 AN
72 CD KIFRHF TO TPL it Lz, E£72, G ZHHL, O & 1 & DOBE, CD OREDFE, ~BUEROK
OBLE/S PH & Ch & DR 21T 72

% CD HAF FIZEIT D PilZxt LT 266-nm L—HF— ez %, e AAbs. MBI S 7= Z &5 Pi D TPI
BHBMETR ST Pi D Gy 1$ 0-CD IAFFICBN TR bEVEEZ R L, o-CD X PO TPLICAHATHL Z L%
R L7z, 72, % CD E£F IS5 Pi @ TPLIE CD OZELY A ROZAICHE ) IR O E b= R L X —IZ
R LTV D ERR iz, CD OFEEZNE (1.0 x 102M — 1.0 x 10°M) 2B\ TIE, CD OEEDRINILES
Dion DR DB S, WESEARIERROZIC X AR OZEL= R F—ITRE LTV D Z PR S,

PH, Ch, Pi® TPI B\ TlE, a-CD i bHEHATHHZ L2 R L-. £7-, % CD #£1F FIZB1) % PAHs O
TPIL (BT DB U BROBOBLEN S DEETIE, NP U BROBOHEKRIZEE S B O 2 Ebm kL F—D
ZIFRT SN LT D NIRRT D EE R LT,

# 53
AT, EIF LEREERFEEROMIN 2T T T2 bDTHY, #HEZRLET.
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