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Two-photon Ionization of Diarylethene in the Presence of Cyclodextrin

Michihiro HARA*., Makoto MIWA **

The transient absorption of the diarylethene 1,2-bis [ 2-methylbenzo [b] thiophen -3 -yl]1-3, 3, 4,4,5,5
-hexafluoro - 1 - cyclopentene : (DEph) was measured by using 266 nm laser flash photolysis in the presence
of cyclodextrins (CDs) in aqueous solution. Ionization of DEph occurred within the laser flash (5 ns) to give
water-solvated electron. The electron was generated by two-photon excitation by means of simultaneous
irradiation with 266 nm laser light, and the ionization quantum yields for DEph in the presence of a-CD,
B-CD, mp-CD, and y-CD depended on the properties of the DEph/CD complexes. These results suggest that
two-photon-ionization clearly occurred with these complexes. The ionization quantum yield for DEph was
found to increase in aqueous solution after the addition of yCD (10 mM) , in which yCD likely controlled the

photochromic reactivity of DEph.
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LUiltAME, @EEICENL TS, £72. TV — LELICEMERILZE AT D Z & TRILA LY
MR ZA L L, UV BBERFICEE 2 2B LT 2 28RN mbnTn5, 2070 IT 778 TILitE
MR TESHTIEE b —MECHREM B (S 7T R BA T X)) EOR 2 725 AR IR S
nNo, £z, V7V =N T VHEBEEOREIEOZIFRHEIZOW T, mEEIRE & O PR
MHBBRE~DRMCOBEFINERREINTND 2R E, 2O H=RALITHONT S FMBIIC
BLER N R 7- T 5, £ 2T, 41X DEph BSiHEMEZ EOFR R H O . WD T3¢0 11272
HEEEMEOH DL LT, BEESEOBAI»L, 7T X2 ) (CD)OAEDRLE L —
W= X D IKAMERE T TO DEph TO XGRSO\ TR 21T - 7=,

CD Z7 Vva—2KoIz Ly, affk6 &F), BIEGT &K, viE@ &R Vb D, ThEh
DZELDONEIT 4.5, 7.0, 85ATHY, BOESITETT0ATH S, L L TLEALNNBEIK
PE. SMAINTERMETH Y . ENICERT 52 EEERELZ AT 5, D7D, DEph #Z2fLNITHL
VIAEREDZ ETKREPFICEMT A ENTED, WEETIZ, KEERT® CDIIMEEO Y7 VU —
NET UHEEEDO T + N7 a I XL OHEILBRERAEIE ) O AR E O & FICRICREZ RIT
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7 h=hrU (ACN) &+ ® DEph & /KMH0%E K H . % CD[a-CD (10 mM, 50 mM) .
B-CD (10 mM)., m B-CD (10 mM, 50 mM). y-CD (10 mM, 50 mM) 1% 1:9 O{EFELL TIRA
LR ERE LY 7T E L CHWE, 2OV T VORI - 8 AT MLvEZREhmnit
S FHHITACHI, U-3310) & 30 6 S i (Perkin Elmer, LS55) Tl L7=, 72, YAG L
— % —(266-nm. 45 mJ. 5 ns(Spectra-Physics GCR-130-10) % L 7=, 4 El., KFEFDOH
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F7-. DEph DA A MbART v VAP)F VA 7V v 7 R X A Y —(CV)HIE CTHEE LT,
CV HIEIXEEIC T b=V b, WEIZ DEph, BMREICBEZRERT F 7 n-7FALT7 T2
A5 0.1M, ZREMICHEEE 10 mM 2 H W THIEZ{T- 72,
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FAWTERE Lz, MM2 &iX, 5 OFEE O % EPERCELE R O = % )V X — 28 % i I @ < 7712
FORT U VI RXAX =R L > THETLIHETHY . 5 FHOTRLF =R RN
EMRDODBETH OIRLEEMEELZ RN T L HETHD, MM2 12 LV EE LR EHEEN D
% CD TOMIEDEWZ IR L7,
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DEph/aCD DEph/BCD DEph/mBCD DEph/yCD

Fig.2 Complexes of diarylethene derivative and cyclodextrin.
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DESTIVWTFHE 7.0 ATHY, DEph DE S X EH 12.3 A, Hih6.8 ATh s, D ED
FHEMFELY, aCD TIZ DEph O—F DR B U BBNAES I, =F VEAEEIC RO L,
BCD, mBCD TlZaCD £V DEph WZEANIZHE AV, yCD I DEph & HlyE TR S
TWVW5ZER220 DEph ORUBUEBRO —#E TA- TUEAEIN TV D ATREMEN AR S LT,

- - 400
04 —
0.1+ - 200
0.3 —
g | = 200
2 021100 . ; o
1A 200 400 600
01 100
00 E 0
200 400 600 800 300 400 500 600 700

Wavelength/nm Wavelength/nm

Fig.3 Absorption and fluorescence spectra of DEph [8.8x 10° M] in ACN.
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Table.1 Fluorescence spectral data of DEph in the 0.6 L L DL DL DL B 600
presence of CDs in ACN:H20 (1:9). ’
Comp. 10 mM / Amax nm 50 mM / Amax nm 400
aCD 426 627 425 627 0.4
BCD 425.5 627 — — _8 S
< [T
mpBCD 425.5 626.5 422 623.5 200
yCD 430 622.5 430.5 — 0.2
3.2 DEph ® ZE1k
ACN tf' DEph (8.8x108 M) D WLIY - ¢ =% 0.0 0
~7 My Fig.3 127”9, ACN ' DEph I%, 200 W400| h6/00 800
RN B 224, 257, 289, 298 nm. Ok . avelength/nm
i - Fig.4 Absorption (black line) and
R K 444 nm Z/~ L7z, UV BBE%OWIYL fluorescence (red line) spectra of DEph
AP B X 290, 356, 524 nm %5 L, e ALY [6.5 x 106 M] in the presence of a-CD [10

“ ; . mM] in ACN : H20(1 : 9).
VTR E G R OEACIT A DR o T3

HIEMEORAD N AN, £, BROGITEANLELY V7 A~OBOEL BB S h,
DEph 3 &ML L, BBRENPOHBAEA~O 7+ b7 0 I XL &I Lz ERBR SN,

ACN:H20(1:9) /K& # FaCD % % L 72 DEph(6.5x106 M)DWLIL « #5227 b L& flE LTz
(Fig.4), & OfEE . WL K E 230, 260, 290, 300 nm. MK E 426, 627 nm %= L
72, % CD 347 T» DEph @& M K K % Table.1 IZ/R L, 8| A7 hL % Fig.d [/,
Z 2T, ACN & TEW, F72I2 627 nm O @K BB S 7z, ZHiE, Sangdeok Shim o
2012 X HBM & FABRKOWINAR KIERA 524 nm THHZ b, HBREDOHEKIZEIDZHDTH
LHEEZLI, WILARZ VB IO AT SV EJIE LIS, B L, BABRESAET
TbDEFxbD,
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Fig.5 TFluorescence spectra of DEph in the presence of CDs[10, 50 mM] in ACN : H2O(1 : 9).
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F72, FERIC, & CD(10 mM)HE77 T T o ek s A
W1 aCD, BCD. mBCD DO W1 b A2 i % R - - »DEph’ + "
L.yCD I 430. 622.5 nm %~ L 7= (Fig.5), % CD(10
mM) 347 F ¢ DEph 1ZFbME N @m0 IE &Rk L
TWbZEnEZLNS, 22T, yCDA0 mM)#ETFE  Sizgev 4
T DEph 3% EBEN —FK o7& 2 b, B
ftoBERIHEhTnwbEEZ6N5, £7-. vCD _—
(50 mM)3EAE FCTO®IE AL hit, aCD. mpCD s, i
FOVEFREMCIYZ N LEZZERNALNTE, 2T
yCD DZEADONED 8.5 ATHY ., DEph/YCD. 1:2  giarylethene in the ground state and
ERORCH RO ATEE S Z X bl filio CD & the excited state.

T, BBREPOHRE~O 7+ v 7 a0 I v I ISNBERD 2 ERRBR I,
3.3 DEph @ 2 tFA A1t

DEph O# R E LV | ik —FHET XL X —(S1:29eV)EHH L, £72. CVRIENS
B E N ERE  0.89 X0, BLBRITCEMES)EFEM L, Bonia HvC, KiEkd
O DEph O A A MbAR T > v L(IP)% 6.9 eV ERkD7=, Z O DEph D= NVX—X AT 77
L% Fig.6 [Z~7,

ACN:H20(1:9) KK T4 CD Z# M L7- DEph (1.0x105 M)IZ 266-nm(45 md) L — % — M
BHEFIZKFNE (720 nm) BB & iviz, AU . DEph O A A b Z/R"7, L2 L. 1) 1(266 nm,
4.7eV)TILIP(6.9eV)IZ 1.8eV @3, 1 e F A A ML AR TH L Z L b, 2 6L ET
A A MLzt EZLND, T7bb, TPI Thd I &Rk (Fig.6),

3.4 DEph A F ML EFILHE

% CD 317 T T® DEph O A A4 L& UL HE (@ion) % Table 2 12777, DEph @4 CD(10 mM)
A7 FHRFD @ion 1, aCD, BCD, mBCD, yCD Z#NZ4 0.4 %, 1.3 %, 1.6 %, 4.5 %%~ L7z,
THIZCD OEHLONENRKELRDICLIEN ST, o BERLTWNDHI EEZRLTWND,

FIT, BEZALNLAREME LT, B o LT S oMEA#ZR SN S, yCDA0 mM)
47 F DEph ® @ion 13 4.5 % & mVMEE R L2, 2D Z & &4 CD HAfF FOEE A7 kv (Fig.5)
TOMHBRKOHEN AT FL 600~700 nm & DR TIE, yCD(10 mM) 377 F @ DEph 78— %
PEL LIS K2 TS EE X B3, DEph iX Taple2.  dionPEeh of DEph (1.0 x 1075 M) in the

yCD 12 X » TR EZ I Z BT T8 Bion DN presence of aCD (1.0 x 1072, 5.0 X 10" 2M), BCD
(1.0 x 10 2M), mBCD (1.0 x 10 2, 5.0 x 10" 2 M),

Fig.6 Energy levels diagram for

W Z R L7z &R ST, yCD (1.0 X 1072, 5.0 X 10~ 2 M) in ACN:H20(1:9).
ZD—J57 T, yCD(B0 mM)iE 0.2 % & K\ i % 10 mM 50 mM
L7, 50 mM D #IEA LS bR EET 5 & Comp- T D) Do Een(%)
yCD (ZaCD, mBCD LV FEMlic 7 L Tw aCD 0.4 0.5
LHIZENRBNT, ZThiT, REEICLEZZ L BCD 1.3 n.d.
T DEph 78 CD IZ £ < @#E&h 1:2 85K % £ < mBCD 1.6 2.9
Rk L7= 2 k'?DDEph DR LCATARRE TYCD I vCD 4.5 0.2
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APEINTZENBZLR, Wb CD L 1d&E > 7=hEREA A L, TPI O] 5
MOEEELEZTWDHEZEZDLND,
4. £+

KEBRTIZCT V=TT E2R5I12, aCD, BCD, mBCD, yCD # v, ACN:H=20 (1:9)
DKREIEIC 266 nm L —F —NHE L, T OO A F LB AR (Don) ZHH L, TPI OBLH &
% CD O EHS>WTH®a L7,

DEph @4 CD 47 FC. 266 nm & TPI A8 & 7=, 10 mM % tbi#k4 2% & CD D zE
LONBEDEWNIZ LY G NELT D LRI, Z D% CDIMFE FTO Bion7*H . yCD (10 mM)
NEATHLIZEE2RELAE, F7.CDOELORETIICEINV 7+ M7 v I INTHEL,
Gion \ZZED D ATREVE & oRIE S L7z,

HEE
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