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Photo Ionization of 2-(9,9’-spirobifluorene-2-yl)-9,9’-spirobifluorene by Using Two-Laser
Irradiation

Michihiro HARA™, Taira HAYASHI'?, Chika MINOSAKI™
*! Faculty of Environmental and Information Sciences, Department of Environmental and Food Sciences

Two-photon ionization of 2-(9,9’-spirobifluorene-2-yl)-9,9’-spirobifluorene  ((Fl2)2) in the presence of
cyclodextrin (CD) was investigated by using a 266-nm laser pulse or 266- and 532-nm laser pulses (266*532-nm).
Measured photoionization efficiency of (Fl2)2/CD was compared with the previous results obtained by using a 266-nm
laser pulse. The ionization yield (Yion) obtained with the 266*532-nm laser was 1.4-2.4 times higher than that with the
266-nm laser, suggesting that photoionization of (Fl2)2 proceeds through stepwise excitation by the 266- and 532-nm
laser pulses. Moreover, the Yion of (Fl2)2/CD showed different features compared with those obtained with the 266-nm
laser pulse and 266*532-nm laser pulses, respectively. It was suggested that the slope of the transient absorbance given
as a function of laser intensity can be attributed to difference in the 2-stepwise ionization processes of (Fl2)2/f-CD and
(FL2)2/y-CD, and the 3-stepwise processes of (Fl)2/a-CD for irradiation of (Fl2)» with the 266*532-nm laser.
Consequently, we revealed the external light-stimulation of the molecular machine under UV-A irradiation combined

with visible light.
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BHEEL/2 O3 EE L THOW LR THIE SN CWAE 2 AW T L——IRE %2 LT A A1 b z21T-
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Fig. 1 Molecular structure of 2-(9,9’-spirobifluorene-2-yl)-9,9’-spirobifluorene.((Fl)z). .
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(HITACHI, U-3310), #2365 Y66 FE R (Perkin Elmer, LS55) % FAVWCHIE L7z, I ALY RV OBIIEE K3 200-800
nm OFPHE L7z, F£72, dOEAY MU E 4 266 nm, BT E % 200-800 nm OFPHICERE L, FFH O
2R T2 Cut-Off 7 4 /L% —290 nm & 515 nm D7 AV Z —%HHNTITolz. L—HP—T7F v 27 % b
U AL, BREFE LCNd:YAG L —¥— (Spectra-Physics, GCR-130-10/PRO-250-10) ZF:A & L, HUE
A (266 nm, 20 mJ pulse!, FWHM =5ns) 3 XU @il (532 nm, 500 mJ pulse’, FWHM =5ns) %384
SHT L=V LTV F, BDEE LT T T RMER L, AdER /LI AN R
RIXL—VP =L Xt ) T T ORETHMEICE . (FL)/CD 0 266 nm TP AbsfE (Abs.oes) 1%
0.1 LATFIZ L7, KA A AIZ K 5 TKFIE T (€ag) DOIEPERIL (AAbs.) ZBLHIT 5 72 OB KX 720 nm
Ll 22T, L —tBHEZIL eq OB E(FL D R 7Ly b - hU 7 Ly NRIL (T-T Abs.) 2387
S TR S A2 FTREMED 8 5 728D, AAbsAEIE L —— YRGS 1.5 ps O ZE V2. D%, 1554172 AAbs.
EZ AN TA A AR IR Dion (€0g DIREE [ BRI FBED Yion (€aq DIREE / (Fh)2 DIREE) Z3Ked7z.

WINNTFENTT 7 F ) A= —L L THWER Y 7= ) D T-TAbs. LV RD7=012, F 7=, DIRNZEE L7
Y22 A VT Gon DIEFFEZEZ R L2, B2, KRBT OFML, T/ WA —F—%2fT5L0b

0.004
— 266*532 nm
— 266 nm 0.002
— 532 nm

0.02 |-

0.000

-0.002
1.

0.00 ‘A

(B)

0.002
0.02 |- — 266*532 nm

— 266 nm 0.000

— 532 nm

720

AADs.

0.00 py»

©

0.002

0.02 - —— 266532 nm
— 266 nm 0.000

720

AAbs.

0.00 p

Time/ps
Fig. 2 Time profiles of AAbs. of (Fl2)/CD in H;O/CH;CN (9:1 v/v) obtained by using 266- and 266*532-nm laser pulses. Insets
show the enlarged curves for AAbs. between 1 and 2 ps. (A) (Fl2)2/a-CD, (B) (FL)2/p-CD, and (C) (Fl2)2/y-CD.
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Table 1 Ionization yields (Yion) of (Fl2)2/CD in HoO/CH3;CN (9:1 v/v) obtained by using 266- and 266*532-nm laser pulse.

CD Yion266 (%) Yior1266*532 (%) Yion266*532/ Yion266
a-CD 1.5 3.6 2.4
B-CD 0.8 1.6 2.0
y-CD 12 1,8 1.4

NTND 720, [URITIAEH 10%RETHDH EE XD, £, 266%532-nm L—F—H%& FH T4 CD 47 FiC
BT 5 Fh)y 265 AAAbs. (AAbs 2052 AAbs 2) (D L —W —sR IR T2, A A MR ZHZ L%
BT DT A F AR T e VAP)E, YA 27V v 7RV Z A N —& W THIE L7z,

3. mR-FE

3.1 266%532-nm L—H—3LEBEHZ& S (Fl2)2/CD O TPI

(FL)/a-CD, (FL)2/B-CD 7 5 NI (Fl)2/y-CD |2 266-nm L —W—JEHRH 2 L 72 BRI H AT €0 @ A Absm.
ZZNZH Fig. 2(A), B), (O(EBOHIH)NIRT. 266-nm L —F—NRRE OEZFHLT 572012, P &
RDIZAER, (Fl)2/a-CD, (Fl2)2/B-CD, (FL)/y-CD X3 % Pion1E 1.2%, 1.4%, 1.2%& 72 >72. £ 7z, (Fl)/CD
12 266%532-nm L —P—JEIBE 2 U7ZBRICH BT eaq D AAbs. HBLHI S AU7=(Fig. 2 FRoihfR). Z 2T,
266%532-nm L —H—HMEHZ L > TEHDLNZ €0 D AAbs.IE, 266-nm L—H—HMEOLA L bl L CH
KL, Yin b 266-nm L——JEREEEL V) § 266%532-nm L —H—HHFFD Yigy 23K LTS HFNR 50
%. 266%532-nm L —HW— IR O REEZ T 572012, Yin BEONFDHIRIR (Yi0n206532/Y;0,266) % B
L72hE R, (Fh)/a-CD, (FL)/B-CD, (Fh)/y-CD @ Yo [ZZNZI 1.5%, 0.8%, 12%& 77z, Fiz,
266*532-nm L ——HFRH DEEIZ 1T 5 (Flb)2/a-CD, (Flb)y/B-CD, (FlL)y/y-CD @ Yip,200"532 (X2 11241 3.6%,
1.6%, 1.8%& 720, ARAERIT 2465, 2065, 145EHERT L2 EBHLNIZR -7 (Table1). 22T,
532-nm L —H—HMH DI TIL(FL), D eaq D A Abs. BRI S AT, JoA A ALDEE Z - TR &l e
D, ZOXIBFERLY, 266%532-nm L—H NI LD Yien DHIRIE, 266-nm L—H—JEHEHIZ K
0 SI BAERREA, Bl ZHNT/ L ANT 532-nm L—HF—NMEHZ L 5 S) — S, i3 = s - /R E U 5
TPLIEFEIC LD D Th H L I/ (2 13, Fig. 3).

(FL2)2 (So) + hv (A =266 nm) — (FL)2 (S1) + hv (A =266 nm) — (FL)z (S,) — (F):™ + ¢ (1)
(FL2)2 (So) + hv (A =266 nm) — (FL)2 (S1) + hv (A = 532 nm) — (FL)2 (S,) — (F):™ + ¢ 2)
(Fl2)2™ + e+ nH,O — (Fh)2™ + €7 — Neutralization 3)

266%532-nm L —H—YHEHZ 1 5 (FL)/CD @ TPLIBFED =R NVX—HF A 7 77 L% Fig. 312587, Sl
TFET D(Fh)/CD (X 266-nm L—H—H A2 INns L, S ~EBENEZY, 22 TXHZ266-nm L—H
—HERINT D E, S, ITEEL, IP A TA AT 5B NE. WG L—F—H L ZANT
L2 5. F77,532-nm L—YP—HMEHZ X D0 F1E, 266-nm L ——JEREEHZ K 0 S IZfbE & 4172(F)/CD
23 532-nm L — P —HE SNTFER, Si — SERBARH LT A bR EnizeBZxonb. A4
{LEFRICRET 5 2N O DELREHEGRT 5728, 266%532-nm L — W — WM & IV 72 (Flo)/CD @ 532-nm L
— BRI &S ORAFE &2 T L7z, (Fh)2/o-CD, (FL)/B-CD, (Fl)/y-CD @ 532-nm Y% &
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Fig. 3 Energy level diagram of (Flz)2 showing states involved in TPI using 355- and 355*532-nm laser pulse. Colored and dashed
arrows show the photoabsorption and energy dissipation, respectively.
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Fig. 4 Plot of log(AAAbs.720) against log(/) at 532 nm during the two-laser irradiation of (Flz)2/a-CD.
S — S EBRHAOA AL LT, (FLh)/a-CD, (FL)YB-CD, (Fh)y-CD IZZN T, 26k, 1
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Fig. 5 Energy level diagram of (Fl2): showing states involved in TPI using 266*532-nm laser pulse. Colored and dashed
arrows show the photoabsorption and energy dissipation, respectively.
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OFERZWEICT D720, BEET 2= VX —F AT 7T L% Figs5 IT7T. ZRLF—MIT S LV
&mviu HDSIHZHD K LT, = F—23eV 2 H D 532-nm xS L7254, IP TH
5 64eVIZleVmmniuv. L, KEERPTIZIP A 1.5eV FR5Z ENLL LN TEY, Shlo%E
BRCELNIERITHHATE 5. 2SR LT, (Fh)/a-CD T, %va~$ 62 YRR L v 1P
B2 TAF AL LT EEZ NS, £77, 266-nm L —H—HHE TS, OREEISELZD D, 532-nm L —
P—HIEHIZ LY, S, — SEBREHED 2 EENEZ s E2 N5, tt,mmmcn_ﬂbf@
AL, Si1— Sy DT Sy — S BB D 2 BEE AR T A A AN E 2 GiD. ZOGE, W
5T % IP O F—Z{bE2BE L THEBRIERITHAN TE 50T, FEMIZ 3 BEFETH L ATREME:
DRI S 7.

3.2 266-nm L—Y—REBE & 266*532-nm L—H— RS & B(Fl,),/CD d TPI

FTATIRZEIC BV TRz, (Fl2)o/CD 2% T 5 266-nm L —H — B D5 D Bion 1, (Fl2)2/a-CD, (Fl,)/f-CD,
(Fl)2/y-CD 2%} U CTEIVEI 1.2%,1,4%,1.2%(Fig. 6 (A) YEROHHNTEY, SEMF L CD ozhf e L Tix
1 EFROZETIZH 52, FOHTH B-CD M 2 DI L TAHTH D Z ENME SN TN LIS, K
FEITIUNT, 266%532-nm L —H —HE MG L7ZBRICH DTS Yien DEKFEIE, (FL)/a-CD, (Fh)yB-CD,
(FL)/y-CD TN EN 24 1%, 2.01%, 1415L 72~/ (Fig 6. (B) ). ZHhUZE, 532-nm ZMRH+25Z Licky,
2 EILL EDOZEN R S CD OFENSBI S 72, (Fl), DA A AIZEBW T, 266-nm L —H —EIREFER )
1 B DOZET(Fh)/p-CD ZERANZA A1k L, 532-nm L—W—JE & N2 266%532-nm L —H— % FREFEEZ
1% 2 ED 7= T(Fh)/a-CD ZEHRINCA A AL TE LD HEPPA LN o7 L RB I T,

FoT, VDL —P kol EA2EUICGRST & T, 4 A ALEBRIITY 2N TE, S8 %
BRI TX 5 Z VR &N, 266%532-nm L —H— D L 5 2% L —F — 2 AN THF+EF—F —
DFEFNL OFIE D FIREME 2 JST, 70 7B — & —70 EOIREILT KT L OEflEHE o 1 > & ULTHIA
TXHLEEZLND.
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Fig. 6 lonization quantum yields (®in) (A) and ionization efficiency (Yion2*">*) (B) for (Fl2)2/CD in HyO/CH;CN (9:1 v/v)
obtained by using 266- and 532-nm laser pulses.
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