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Laser Two-photon Ionization of Spiropiran in the Presence of Cyclodextrin
Michihiro HARA* Tomoyuki OOI**

Transient absorption measurement using 266-nm laser flash photolysis technique was performed with regard
to 1',3",3"-Trimethylspiro[1(2H)-benzopyranl-2,2™-indoline : (SP) in the absence and presence of cyclodextrins (CDs) in water
solvent. Tonization of SPs occurred within the laser flash (5 ns) to give SPs radical cation (SP " *) and water solvated
electron (eaq ). The ionization yields of SP s in the present of aCD, BCD, mpCD, and yCD, depended on the properties
of the complexes with CD, generated form from two-photon excitation with simultaneous irradiation to 266-nm laser.
This finding implied that the useful two-photon ionization resulting from the complexes of SP and BCD, SP2 and yCD,
photochromic molecule of SP (merocyanine) and a.CD, respectively.

Keywords: Two-photon ionization, cyclodextrin, spyropyren, merocyanine

1. ¥#5

T4+ hmrIXLEWVI BRI, HEAHLTEAT L LW EK H3C_ CHj
<. 2, EAOBECER SRT05, ERILEOSTTIE, #UC O -
i B 2 EMEC B O 0 IR LIC X DL Z O L oDkl L N O O
ERERREIS, Ll ZOEECEST WRERRTDE 1 | 1 osimethytesive
LRI A A F e 8~ DIS RIS BTV D, D7 4 [1(2H)-benzopyran-2,2"indoline
b2 a S XAREOFTHARILAND 1 S THHAERE SP~1(Spiropyran)
7> (1,3,3" Trimethylspiro [1 (2H) -benzopyran- 2, 2" "e
indoline: SP) (F#¥ARE I T 5 & A v T =2 (MC) &\
IBABRIRIZE DY | AIENEPEVTIROARIKD SPIZR S &
WO 7 b7 m I A LDORHE, HOKEMER EORHEE S o T
Wb, £io, TOWEERNT, BAMTFTOF ko Vis, A uv
FEOB Sy FHEE RSN T A0 e —7 b2 LTHNY MC~1(Mero cyanine)
HNTVD, THhbEFHIC, kRO TEMASTFL LTS i
FHASNDAREMZHO TWND EEX LD,

FxixTnETIZ, ZNHRMROTHES TFI270 2 vl Rtk
DY FORBHERN T ORSTHCHEOBAN S HME L5 Lo mincn ] soivor ()
é\&bj‘:jl(:/( j“/,ﬂ: (2 ﬁﬁ’:%/( jr‘/,ﬂ: 3-17) %*ﬁ?ﬂ‘ L’C% 7":0 e benzopyran -2,2'-indoline photochromism.
NOOTERG TR ARDRIC K EEZ X 12T AR H 5 DT, AR TIX, SP Zxf5 L L, KIFIK
e 7T XA R (CDIFFTHROGBOFD—>TH 2L TPI DA B =X LEMRET LT,

k BEEEAEGLSAR ok kGBS RE R A

— 375 —



I TIERAMTER S B4l % 2011

WEE TO SPEFER L CD OMFZETIX, SP#FHE(AEHL L 72 CD OB ATV, DT+ h 7/ r Iy
7 RS ORE B 03MThi, KEMED SP #FEIK & CD OFFETix, BCD H o SP #HE A D Bt b ook
23, 3.03x 103 1T, WORMALA 2.27x 1031 TH D EHESNTND ) KRIFFETIX, SP L4
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Fig.3  Complexes of SP and CD for MM2 Minimized energy.
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i L7z (Fig. D5 R BRI R 295 nm, MK H G R 384 lso
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Wb RBEICHIE L7z, 4 CD RMIEED SP ORI ALY kL |50
Z i+ %5 LBCD, mpCD, yCD 2T, aCD DHFH 21l o
W10 nm) > 7 P AR LT, T OWRIERRE 1T MC(# & = {10
T =V)OWINEE 2 B, aCD 2T 52 L TSP O
BPEALAMERE LTV B LR &5 (Fig5), = 2T, aCD ® O — . =0
JEREEA 10, 50, 100 mM ~E EEEICLESE. £ F 30V(\)laveleng?1(’zo/nm 500

N OWINAG R B RO Y 1 0.16. 0.1, 0.05 LB L & Fig.4 Absorption and fluorescence
BICWD D R ENTZ, ZDZ EnBHaCD DIREEDO TN, & spectra of SP [1.8 x 104 M] in ACN.
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Fig.5 Absorption spectra of (a1) SP, (a2) SP following 370 nm excitation, (b1) SP [2.3 x 104 M] with a-CD (10
mM), and (b2) SP [2.9 x 104 M] with a-CD (50 mM), and (bs) SP [2.3 x 104 M] with o-CD (100 mM) in ACN and
ACN and H30 (1:9).

PELRT NI EZEWRL, SIREICRD 2L TRMMELIZKWZ L ZEIRL TS, ZiuddiEicix
HHLTHDEDICCD 2VABE L, SP:CD D 1: 2 DHEEMENRH VD | & Z Tk MC ~0 BMEAL 23] &
NTWEEEZLND, 2D EITLD 2 W1 A F AL~ FEIKIER I H TV B E 5 ORI &
Nt S LEMICEZbDLEEND L EZDND,

Table 1. Fluorescence lifetimes of SP in the presence of aCD, CD, mpCD, and yCD in ACN : H20 (1:9).

CD mM  ti(ns) w2(ns)  tsns) Ay A As CHI
CD 10 0.3 1.8 5.1  0.04(63) 0.02(32) 0.005(5) 1.08
50 0.3 1.0 7.9  0.06(83) 0.01(14) 0.002(3)  1.09
BCD 10 0.4 2.7 10.8  0.06(71) 0.02(24) 0.005(5)  1.08
mBCD 10 0.4 2.3 16.2  0.07(71) 0.02(20) 0.008(9)  1.02
50 0.4 2.0 6.9  0.04(74) 0.01(19) 0.004(7)  1.10
10 0.2 1.0 4.2  0.07(661) 0.02(18) 0.024(21) 1.05
veD 50 0.5 3.6 9.0  0.02(29) 0.04(58) 0.009(13) 1.04
3-2 H#OEFHF

ACNHOSP D tiX01ns /R, ZDZ LMDt T2, wlEENENA CD OISR, Hig
7 U =722 E T (SP), A1y 7 =(MC)ERE LT, 4 CD (10 mM) % tH#d 2% & aCD (10
mM) & BCD (10 mM)® 1, T2, w3lLZ4£410.3ns & 0.4ns, 1.8ns & 2.7ns, 5.1ns & 10.8 ns (21>
Thb, CODEANRKRELS 2D L L BT, FMPEL DI EPRENT, [AMKIZ mBCD H 0.3 ns
£ 04ns, 1.8ns & 2.3ns, 5.1ns & 16.2ns EHEMMPEL eoT, ZHiEE CD OFEIZL Y SP
5 MC ~DEMALE 72T MC 226 SP ~DFRMALZE Z D IZ< K RoTNDLTZDThL B bND,
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Fig.5 Energy diagram for TPI of SP.
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SP [1.8 x 104 M] (2% CD Z#shi L7z ACN:H20(1:9) KIER DI & AT h Lz JIE LT,
R MR R & MRHOEIR R IXE N2, 250 nm & 398 nm & 7R o 72, MRKEOEIEE (250 nm)
Kb —EET R LX—(S1:4.7eV)ZH T Lz, £72, 1427V v 7R 20 U RIECV HIE)
Lo, BETEMEREL, 6.8eV EHH L, KO- SP D IP6.8eV) LY, SP DT F/LX—4
A ¥ 7T 2ufER L7z (Fig5), Z Z T, SP @ SyIHIE L 728 ek & (398 nm) & VT, S1 =%
X —1T 3.1eV EHEHE T,

SP (%266 nm @ 1 = FxLF—(4.7eV)T, S13.1eVIZhhiEZEsnsg, 2oL &, SPOA A4 1bR
T ¥ VAP 6.8eV TH Y 266 nm D 1 e FT 3 /LF—(4.7eV) TIL IP(6.8 eV)IZ 2.1 eV a7,
1A AFTACIARFARETH D Z LD, 20T ETA A AT 5 TR RIR S5,

84 SPD2WFAA MDA T=X A

Table.2 (2. ACN:H20(L:9)&HEH SP [1.8 x 104 M] (24 CD s L7258 @ion 173, SP 0%
CD (10 mM)iFMIED A0.DfEZE FHNWT @iz HH LT-E Z A, aCD, BCD., mpCD, yCD (10 mM)
TENEN 8T, 2.2, 1.8, 2.0% &L 72 o 7=(Table.2), % CD O @ion M 5L72 5 DII4 CD ONERDIEIC
EH5bDTHDEEZ DI, HEEMMEEEBRICANTZSEE, aCD (10 mM) TEAEREZ O

NUBUBRZOO T PEBIIRD maple2 Tonization quantum yields (@onS?) of TPI of SP (1.8 x 104 M)
. BCD. mBCD Tl13aCD LV in the presence oCD (1.0 x 10-2, 5.0 x 10-2 M), BCD (1.0 x 10-2 M),

mBCD (1.0 x 10-2, 5.0 x 10-2M), yCD (1.0 x 10-2, 5.0 x 10-2M) in
b SP NZEANIZIRS TV 2TVD  ACN:H0(1:9).

LEZ2 NS, £72, yCD X 22D 10 mM 50 mM
SP MARLELE 2 S0 E TR Comp. BionSP(%) BionSP(%)
BEInTns Lrmgsind, aCD 8.7 4.9
ZoZ & XY, aCD, PBCD, BCD 2.2 n.d.
mBCD., yCD ® Djon % H#ET 5 & mBCD 1.8 0.7
aCD £/ TOMEMN 8T% LmN T & yCD 2.0 0.3
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1%, oCD A7 FTIE SP D SN D E 0 13 D7 S IEMZ EL = RNV F— 22 TR0 T < holciow b
BEABND, £72. 4 CDIRED Dion ~D 52 % 5+ L 72, Table.2 |24% CD W#HEHF D Dion %773, aCD
(10 mM) & (50 mM) @ Dion (T Z LI 8. 7% & 4.9% & FiLH S 4L CD ORI & & BT DonME T LTz,
mpCD. 1CD bIAMETH >, ZHUZ CD Iz 2 SP 25K L. M7 E L= % A ¥ — 22T
L pofeledlEtEZbNL, Al aCD OHEITRINARY Mz A 1T = (MC)DWRIL ) E]
WInleZ &nt, SPREMELLIIREE T CD ICHBESNTWD Z EDNRIBINLD A, 2 71 41k
WZX LT, EOERMALN ED L D 0 EE2 - G/ LN OV TIAS B OMERETH 5,

4. 51D

AKWFRIZT 7+ b7 I X RO PF TCHLRILEHD 1| DTHDHAERE T &

(1',3",3'-Trimethylspiro[1(2H)-benzopyran-2,2'-indoline : SP) Z&%f%H Lt L, L —V—T7 T v a7
N U 2k (LEP) #FWT 2 674 4 Ak (TPD) Ofata1T -7, SP OXtA 4 {kid4 CD (10 mM)
DOHFTaCD BFFIZAEHTH o7z, £iiTaCD WIMKFZIL SP O E S5 45 13 7e IR ZE E Ak
TRAF—ZZTRTWVWIZDEZHND, SP BNEMEL, Ar T = (MOIWEL L, @ion DIEKH
BIoTCARBERH DN, ZORIIASEORETH D,
HAITE

ABFZEIL, B LERTFREE 7 7 24 B OMBI 22T T T2 O THY | #EEZRLET,
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