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Two-Photon Ionization of Benfluralin in the Presence of Cyclodextrin
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Photoionization of benfluralin (N-butyl-N-ethyl-a, o, a-trifluoro-2, 6-dinitro-p-toluidine: Benf.) of typical agricultural
chemical was achieved with two-photon two-step excitation by using 266-nm laser pulse irradiation in the presence of
cyclodextrins (CDs). The formation of the Benf./CDs inclusion complex was studied by minimize energy of Molecular
Mechanics program 2. lonization of Benf. within the laser flash (5 ns) produced a radical cation of Benf. and hydrated
electrons. The ionization quantum yield (@iqn) of Benf. in the presence of a-, - and y-CD calculated to be 6.2+0.1%,
16.0+1.0% and 3.3+0.1%, respectively, and it is due to the property of the Benf./CDs inclusion complex. The ®io, of
Benf. in the presence of CDs (1.0x102 M) was dependent on the stabilization energy of solvation. In the case of CD
concentration (1.0x10 M), @, of Benf. was also dependent on the stabilization energy of solvation. Additionally, we
found that bulky substituted amino groups is important for the two-photon ionization (TPI) of agricultural chemical
when compared with TPI of carbamate based agricultural chemicals. These results suggest the possibility of the

photolysis of agricultural chemicals in aqueous solution by using TPI of UV light irradiation.
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Fig.1 Molecular structure (left) and minimum energy structure (right) of Benf. calculated by MM2.
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AHFFETIE Benf. Y CD OZEALNICHR IR B S NTREEEZ VR 2 L—1 3 3572512, MM2 @ Minimize
energy % FV T Benf./CD Ol 2 E LS 25 H L7z (Fig.2). 20 MM2 12 XY & DN ZEbEE) 54 CD
\ZH1F % Benf./CD OREEDE % iR L=, 4 CD ONEIT o-CD, B-CD, y-CD =121 454, 704, 85
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L FAF—2ZIFRTNEEZBND. £, a-CD DZELONEN 45A L/NEL, BHIEOSAREEIC L -
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T, B-CD, y-CD A7 FCIE 11 BB AR L TR L TV D Z R TSNS,

Benf./a-CD Benf./3-CD Benf./ y-CD

Fig.2 Minimum energy structures of Benf./CD complexes calculated by MM2.
3.2 Benf. DIURAARY kL
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e ol T EAVRIE STz, AN T3 5 Benf OWLINAR I £ 13~270 nm, ~390 nm (2@ <4172 (Fig.3, black
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Fig.3 Absorption spectra of Benf. (7.7x10° M) in the absence (black line) and presence (red line)
of a-CD (1.0x10* M) in AN/HO (1:9 v/v).
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Fig.4 Energy levels diagram for Benf. in the ground state and excited state.
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Fig.5 Time profiles of transient absorption of Benf. in the presence of a-CD (A), f-CD (B), and y-CD (C),
respectively, (1.0x102 M) observed at 720 nm after a 266-nm laser pulse irradiation.
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AN/H,O (1:9 v/v) KIRHEHICHBIT 54 CD (1.0x102M) 4:4£TF Benf.lZ 266-nm L —H—t% W4 L7~ H %,
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Table 1 Ionization quantum yields (®;) and fluorescence lifetimes (t) of Benf. in the presence of CDs in AN/H,O (1:9 v/v).

CDs Conc. (10°M) Dion (%) 11 (ns) T2 (1s) Tav (1S) A1 (%) Ar (%) CHI
oCD 10 6.2+0.1 0.8 2.4 1.5 59.4 40.6 1.00
1 13.6+0.8 1.0 2.0 1.1 86.0 14.0 1.00
6.CD 10 16.0£1.0 2.0 6.6 2.1 97.1 2.9 1.00
1 21.4+0.2 0.1 1.9 0.2 97.3 2.7 1.00
10 3.340.1 1.9 7.2 2.1 97.2 2.8 1.01
+Cb 14.7+0.7 0.2 1.9 0.6 79.0 21.0 1.00
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% CD (1.0x10° M, 1.0x102M) HAFFIZHIT 5 Benf.0D Dy & T % Table 1 127757, & CD (1.0x102 M) HAfF
TIZHIT 5 Benf.®D @, 1T 0-CD, B-CD, y-CD HAF FIZBWTENEN, 62%, 16.0%, 3.3%EFHH i, B-CD
M Benf.DYeA A AUICB W THERTHA Z 2R LT, £77, tlIFNE 1.5ns, 2.1ns, 2.1ns &R0, 4%
CD A7 FIZEIT D Benf.D Doy B Ty IHEKAF L7\ 2 EDVRER S 72 (Fig6). 2D Enb, 4 CD (1.0x102 M)
HAFTFIZEIT D Benf.0D Doy (FMOER & U T, BRI LD LRENT RV F—ITER L TWD Z ENRBEXLHND.
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Fig.6 Plot of @i, vs. 1,y of Benf. in the presence of CDs (1.0x10° M and 1.0x10 M) in AN/H,O (1:9 v/v).
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Fig.7 Minimum energy structure of Benf./a-CD (1:2) complex calculated by MM2.

Benf.| 3B U BRICEEOBE BRI Z T T DR 0 THETHDH. T 2T, Benf.l 4 CD M 1:1 AlEEE K%
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TV Y 045 NEL< otz T, o-CD 37 FTiE Benf. b U 7)bA 1 A F VI & 7 F VRS —D
® 0-CD 737 < @82 L, Benf. & a-CD 78 1:22 @#EE5(K (Fig.7) 2L T D72 EE 2 Hb. v-CD DA,
ZEALNDO L E T Benf 3RS WHES AL, 101 WHESHATERUC X O BB LZ ZITIZ < RoT2/e®, D
BHLIEWVEZRLIZEEZOND. Lo, K CD (1.0x102 M) 77 FIZBIT 5 Benf.0D @, [ TIEHEFI D Z2EA L
TRF—TERA L TNDZ LRS-

I35 CD OIRFEZE (1.0x10% M — 1.0x10° M) (25 T, Benf.?D P 1T o-CD HAF T IZIBUNT 6.2%0° 5
13.6%1Z 2.2 1%, B-CD A7 FIZEBWT 16.0%0°5 21.4%IZ 1.3 f%, y-CD A7 FIZHBW T 3.3%00 5 14.7%IZ 4.5 1%
R L7z, E£72, CD OREZNRIZIHBNTE Benf.dD Dy 1% T ITIKAFE Le o7 (Fig.6). ZALHOFERIL, CD R
FEDWANTHE D 1:2 BHEEAIREE DWW L o TEIEMOZEN T RN F =520 T < polc 2 AR LT
5. koT, % CDHAEFEFITEIT D Benf.®D TPLHTABFRIOFGIEFEL TWDH Z L2 R LT,

3.5 Hh—\AA FREFEL Benf. DLLE;
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IR O AL T RN B —HKF LTS Z 2 LT D008, 7= 7SO S CA & MC O
TPl Z bR L, EHEONRESE DN UBESHAER MO FH5ICHEL TWD T L aHE L Tnp030, 22
T, Benf.?> TPI % CA, Mckwﬁb ERIEDOBLS D B AD TPI DA B =X L Zat Lz, 4 CD 1%
T (1.0x10° M, 1.0x102M) (ZFi}% CA, MC, Benf.® &, % Fig.8 12753 . CABLUMC D b, 1 0.2-3.0%
BRETHDLDIZRLT, MM®¢miw%&fk5Pumeﬁ%Tbﬁ{%§HCD®ﬁW@%(mMOM
— 1.0X10° M) 238\ Th, BenfDBHERA A ALDBIHI STz, T— A A FRESKS T THD CA & MC 1T
RUBUVBRICONAREA NVEERSAEE TH Y, ToEHEIINA TEREN, fitgXrBy, 471
REVEEPFET LSRG L o TS, —J7, BenfX b 74 a XAF )L = bhakk 7FLiEoF ik
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EHLEMRL TS e%zr‘oné EAREMETHD MU 7Fm AF UM, = b A2 EoI2 H03705%0 53 Benf.
D Gin BENDIL, BERICT I EPERTHZ L CEIGHERTTZOEELLND. Lo T, BT
@ TPLIEmm W EHT X/ %éﬂﬁ@“é’\% FEEA A AL LT WMEA N & D ATREMEE L L7z,
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Fig.8 The @i, of agricultural chemical (Benf., MC, and CA) and type of CD at CD concentrations of
1.0x102 M (A) and 1.0x10° M (B) in HoO/AN (1:9 v/v).
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