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Two-photon ionization of cis-1,2-dicyano-1,2-bis- (2,4,5-trimethyl-3-thienyl) ethene in the
presence of cyclodextrin by using 266-nm laser pulse irradiation

Michihiro HARA™ and Naohiro KAWASHIMA™
*! Faculty of Environmental and Information Sciences, Department of Environmental and Food Sciences

In this paper, we report an investigation of the two-photon ionization (TPI) of Cis-1,2-dicyano-1,2-bis-
(2,4,5-trimethyl-3-thienyl) ethene (DEcn) in the presence of cyclodextrin (CD) by using 266-nm laser pulse irradiation.
TPI of DEcn within the laser flash (5 ns) generated hydrated electrons. The ionization quantum yield (@ion) of DEcn in
the presence of B-CD, Glucosyl-B-CD (G1-B-CD), and 6-O-a-D-Maltosyl-B-CD (G2-B-CD) (1.0 x 10 M) were
calculated to be 4.8 = 0.34 %, 14.2 £ 0.55 %, and 4.9 £ 0.25 %, respectively. Furthermore, we confirmed the
dependence of @ion and tave. and suggested that inhibiting the isomerization process by a substituent (Glucosyl group) of
B-CD may increase the efficiency of TPIL
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IEVE, RS, AR IT B BB G R E ORI B D P L RO ER & LT, RInAA
F XU RO 4O 3B 0, HOEMED DEs RCEHEFIEE Y (AIE) , U LB 3L —#E) (phosphorescence
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AMFZETIL, AR 5602 E H L, DEs OH T Cis-1,2-dicyano- 1,2-bis- (2,4,5-trimethyl-3-thienyl)
ethene : DEen Z 5% & L, KIZAEE T 572012, BREAMDS/ NIV CD ZHW /KSR C, 2 71 41k

(TPD) ZMEt L7z, ZOKEKIZRI LT, L—F—HRHEITV, dwm ZHEMEL, ZOMEEENFM (tae) D
SRR 1T o 7. AEIOHFZEIZEBWTIE, CD O TYH, FHZB-CDIZEH L, £ B-CD &Y, Z4UZ Glucosyl
FIMFNTZ B-CD #53E(R D Glucosyl-B-CD ; G1-B-CD, 6-0-a-D-Maltosyl-B-CD ; G2-B-CD DFf 3 fli¥is T, %
ffi B-CD T DEcn 20l L, L —W—HHKEZITV, JoA F A bEE A Hat L7,

2. REBAE

DEcn Z¥fE L7-7 & b=k UL (CH;CN) ¥k & 4% FE B-CDs (B-CD, G1-B-CD, G2-B-CD) /Kigiks i€
U 1:9 ORFE TIRA (DEen/B-CDs) L7, F884 U 72 ORI A7 S VE X OWME AT bob, B (tave)
AR () ZZNENSIEEER (HITACHI, U-3310), #0655 06EER (Perkin Elmer, LS55), #0¢
FrfnllERE (HAMAMATSU, C11367), #fixt PL & 7IUHEEE (HAMAMATSU, Cl1347) #HWCRIE L=, #
D%, Nd:YAG L —H%—3 (266 nm, 15 ml/pulse) (Spectra-Physics, PRO-250-10) % N TKFIE T (e o) Dilih
TV (AAbs.) ZBLHIL7-. L— LMD 1.5 ps D AAbsAEZ VT, Dion & tave. D HLEARFT BT 72

3. WR-FE

3.1 %% B-CDs #7F T TN DEcn DEFEEEDRRELINEE

DEcn O%F# 3-CDs (B-CD, G1-B-CD, G2-B-CD) & OSSR IEE BT H7-DIZ, LT
e MM2ICkY, BHLE (Figl), A=k EEROKIZZENZI DEen &4 B -CDs 2/~ LTV 5.
Z ZCDEcn & B-CD @5, 2370005 F )50 Thienyl JEAVEEE X4, G1-B-CD al#EE5(A T, [H
KR zaa8i L, GI-B-CD @ Glucosyl #7235, Thienyl F&iZfilii TN 5. G2-p-CD @A TS, [A)
FRIZArFOFb 2882 L, Maltosyl 25723, Thienyl B2 EET 2 KO ITRESNTz. oD &b, &KfE
B-CDs DEHILIT L > T, WESSHADOLRE(CIRIENE S Z LA RENTZ. £72, DEen [ZECHEMALT 5 Z &0
HHNTNDT20, SERMAVICSTE B-CDs DEHAILZ LD SAEEDRENH H Z LN THREIND.

DEcn/B-CD DEcn/G1-B-CD DEcn/G2-B-CD

Fig.1 Minimum energy structures of DEen / $-CD, DEcen / G1-B-CD, and DEen / G2-8-CD complexes calculated by MM2.

3.2 &% B-CDs £FT TD DEcn DRIRRARY kL » BHIERARY BIL

CH;CN F1281F 5 DEen DY AT bV Z2IERIT 254 nm 6% IS L7246 R, SOOI REAIZ RO L
7. ZOREDFEROWIL AT SOV ERIET D &, 530 nm (HTICHi7=72 28— 27 M@l Sz, 24U, DEcn
DOHBRIKOWIN ALY MLEEZ BN, £, FROOEKICATHEEZBE 42 L HFOHAICRE-7Z. Lo T,
DEcn B MLKGEZEZ L2 EEZ6ND.
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Fig.2 Absorption spectra of DEen (9.8x10° M/ 8.1x10° M /8.1x10°M) in CH;CN/H,O (1/9 v/v)  with native-B-CD
(green) , G1-B-CD (red) ,G2-B-CD (blue) .

WIZ, CH;CN/HO (19 viv) HIZ3H51F % DEen (Z4&FE B-CDs 3577 F DRI ALY R V%757 (Fig2). CH3CN
21T D DEen ORI AT R JUZHEART, 400—500 nm (27 72— RZ2RINAENTND Z LN, &K
B-CDs |2 & 2 BB AN TE TN D & A LA, KEIRICATE 72 DEen 20 L TWD Z 2R L TNnA. 2 2T,
Glucosyl £ G1-B-CD & Maltosyl £ G2-B-CD ZifvfN9 2 & 275-420 nm {1T TARY FMVIZZERERNTZ. ZHUT,
AFE B-CDs OEHILIZ LV, WHREN RV | SERERICENH D Z LA RE L TN 5.

G1-B-CD & G2-B-CD 77 F T DEen DHOE ALY b L Z I R 266 nm THIE L7-#E 5% (Fig3), Mkt E
1%, G1-B-CD OH5£1% 340 nm, 420 nm 13T, G2-B-CD D354 1E 420 nm AHTIZBII S 4172, 24U, Z4Z 41 DEen
DEIEART MV EBZ LD . ZOFERIL, WIE DA — T v TNHHT-DIF-E ) LiX LV, B-CD &
HROESH (Glucosyl 2, Maltosyl #5) 128> T, AR DEen OFEIEIZER N H H Z LRI D,
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Fig.3 Fluorescence spectra of DEen (9.8x10° M/ 8.1x10° M /8.1x10° M) in CH3CN/H,O (1/9 v/v) with G1-B-CD (red),
G2-B-CD (blue) at A 266 nm.
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3.3 #&1E p-CDs #F T TO DEcn DN Fay, HABTFINE, SRGEETEH (BOCEEEH, MESKE
HETEH)

Table 1 ¥, B-CD, GI-B-CD, G2-B-CD 47 F TP DEen D tae lZZ AL 12 05, 18.01ns, 1.9 ns 2RS4,
BRI 15 F0ENND Z L oyhnoT- £z, B-CD, G1--CD, G2-B-CD /7 FC? DEen @ dplEZiLE 41 0.009,
0.005, 0.006 Z7~L7-.Z4U%, CD OiE#aE (Glucosyl 25, Maltosyl £5) 723815 L T2 & b s [AEkIC, &
E e DHINEIZZENR DD Z EDVRENT. L 5T, A A NEETIE (Diw) EDOBMRERET D &, aeME<
DL, G NEL D ETPHEEN, GI-B-CD, G2-B-CD, B-CD DIAEFIZKE b L FHRIND.

HIE LTS D R D 1ae & B D ke & ke R L2 Z OFEE, B-CD, G1-B-CD, G2-B-CD 77T T? DEcn
D kT, TNZEI83x10%s, 0.55x108 s, 52 x108s! L AHKI 10 (5D D Z L3372 (Table 1) .

Table.1 The physical parameters and @i, of DEen (9.8x10° M /8.1x10° M/ 8.1x10° M) in the presence of B-CDs (B-CD
/ G1-B-CD / G2-B-CD)  in CH;CN/H,O (19 v/v) .

CDs (mM) Tave. (DS) N ke (sT) o (s) Dion (%)

§ 10 1.2 0.009 7.5x10° 8.3x108 4.8+0.34
G1-B 10 18 0.005 0.28x10° 0.55%x108 14.2+0.55
G2-B 10 1.9 0.006 3.2x10° 5.2x108 4.9+0.25

Table 1 £V, A A AL EAIEE (Dion) & DBREAET D & Bion & ke DEIR G, HE DFEWIIALZ, ko (G1-B-CD],
ke (G2-B-CDJ, ky [B-CD] THY, Zi L L HIT P D ETHRIND.

Time/ U's

Fig.4 Time profile of AAbs.729 during 266 nm laser flash photolysis of DEen (9.8%10° M)  in the presence of B-CD,
G1-B-CD, and G2-B-CD (10 mM) in air-saturated CH;CN/H,O (1:9 v/v) .
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3.4 &¥EB-CDs HTFET TD DEcn O L—H—RKBHEF 266 nm) EIRILXF—FALTFTITS L4,

L—HF =TT v a7x NI UREEGRL, 54 S 266 nm RGOV iR GEPER
I A5 iR HhAR)  OfE B % Fig4 (2/~97. Fig4 1%, B-CD A7 FI2EIT 5 DEen (2 266 nm L —H — - fRE %
(253 BB K 720 nm COMEPERIIBEE IR A R LTS 2L, L—F— RS > THE Lz
KFNE S (o) POWIRERIESI, JeA A AE LTI AR ENTZ. 22T, b—P W%, 1.5us
T eoq DIBPEWILDOBINND . Bin ZFHH L7Z (Table 1). F£72, GI1-p-CD, G2-p-CD 17 F DEen  [Flk
WZHA A AL LTZZ EDNRIE L, D ZH LT,

Fig5 1%, TRV X—F AT 7T LE/RLTEY, 266nm TiX 1 Y1 T4aTeV WU L, —EIEGINGE
(S) 1Zh5. L, 1 FTIEDE OA A AbRT v /L (IP) THDH 62eV I 1.5eV@mnd, 1%
FTOA A AT RN FT—UIRFARETH D Z D, A AL LTS AE, 2 U ETREZ o725 2
5ND. LT, TRAF—MIT TPI LIz &R S 7= £ 72, G1--CD, G2-B-CD 317 F DEen b [FIEEIZ,
TPI 23 S 7z,

= - DEcn ' *+ ¢~ =—
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Fig.5 Energy level diagram for TPI of DEcn under 266-nm irradiation. Solid and dashed arrows indicate photoabsorption and

energy dissipation, respectively.

3.5 &BiEB-CDs HFE T TD DEcn DA A UL EFIE L HHFm, HABTFIE FRGEEEH (HGE
EEH, REFLEEEER SOBER

AFf B-CDs 3517 T CD DEen DA A U ALETIEE (D) EHOEFEM (tae), HHEETIEE (), KUSHE
B (R ES k), MR RS EEL (k) % Table 1, Fig.6, Fig.7 IZ/R7. Fig6 £V, ®inld, 7aw
WEIE L TVD Z ERBZOLND. N e DR 72D E, Do DR 2AMHMIZH Y, AWFEIZIBNTH Y
ITHFTE L RERICE DN H D EoRB I -, ZHUE, SIORENEWI &Ik, 2 B FERRIR LT < 72
HIZET, Ouml ol EZONS. Fig7 £V, O & ke DEEND, HEDOEWIEIZ, ky (G1-p-CDJ,
kn (G2-B-CDJ, ky [B-CD) TH Y, Zirvl & BT Dy 3L HD Z & D3> 72, DEen ik IRAEREFEFE &
LT, kDD, FMAERE L IIRRENH D Z EDE X B, Glucosyl DO EEZZITHZ ENEZ LS.
o \ZUE, —EEIBENEIREE (S) 2 DIEERIREE (So) ~ORIEEFE & BIHLBRENEENTNWD Z 2D, B-CD D
Glucosyl EDNAKEEFIZ LY, DEen 7% OP 775 CL DEMAVEIS 7 1w 7 Zd, TPL ONEED A3 2 ATREM:D
TR ST
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Fig.6 lonization quantum yields (Pion) vs. 7ae. of DEcn (9.8x10° M /8.1x10° M /8.1x10° M)  in the presence of B-CDs
(B-CD (under) /GI1-B-CD (upper) /G2-B-CD (middle)) (10 mM) in CH;CN/HO (1/9 v/v) .
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Fig.7 lonization quantum yields(®ion) Vs. kor of DEen (9.8x10° M/ 8.1x10° M /8.1x10 M) in the presence of B-CDs
(B-CD (under) /G1-B-CD (upper) /G2-B-CD (middle)) (10 mM) in CH;CN/H.O (1/9 v/v) .

1. #& i ]

AMFFETIE, DEen Z%15:& L, CD KK TO TPL ZME L=, T LY, 266 nm L —H —MRET%,
AT B-CDs 277 T DEen @ TPI 28I L7-. %72, DEen ® 266 nm @ TPI (2%, #FZ GI-B-CD A H TH
HZEMBZLNTL.EBIT, B & tae DIRTFIEE R L, B-CD OE AL (Glucosyl £5) 12 & v Bpk(LiEfEs ~
079 %2 LT, TPLORHEN BN D ATREMEZ Re U7,
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