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Photo Ionization of 5-Methyl-1,2,4-triazolo|3,4-b]benzothiazole

Michihiro HARA™, Rina ASADA™?, Chika MINOSAKI ™, Kiyoka MORIKAWA ™

*I Faculty of Environmental and Information Sciences, Department of Environmental and Food Sciences

Photoionization of tricyclazole (5-Methyl-1,2,4-triazolo[3,4-b]benzothiazole: TCA) 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). Ionization of TCA within the laser flash (5 ns) produced a radical cation of TCA and hydrated
electrons. The ionization quantum yield (@ion) of TCA in the presence of o-, B- and y-CD calculated to be 0.27%,
0.21%, 0.44%, respectively, and it is due to the property of the TCA/CDs inclusion complex. The @jon of TCA in the
presence of CDs (1.0x10-2 M) was independent of the fluorescence lifetime. In the case of CD concentration effect, ®ion
of TCA/B- and y-CD were dependent on the fluorescence lifetime. Additionally, we observed the different phenomena
of florescence spectra of TCA/CDs. Presence results indicate that intramolecular charge transfer state (ICT) of
TCA/CDs is significantly related due to confinement by the cyclodextrin nanocavities. These results suggest the
possibility of the photolysis of molecular with ICT such as agricultural chemicals in aqueous solution by using TPI of
UV light irradiation.
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Fig. 1 Molecular structures of 5-Methyl-1,2,4-triazolo[3,4-b]benzothiazole.(TCA). .
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Fig. 2 Absorption and fluorescence spectra of (A) TCA (5.1x10° M) in CH;CN (1/9 v/v) and (B) TCA (5.1x10° M) in

cyclohexane.
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Fig. 3 Absorption and fluorescence spectra of TCA (5.1 x 10 M) in the presence of CDs (10 mM) in CH3CN/
H20 (1/9 v/v). (A) TCA/a-CD, (B) TCA/B-CD, and (C) TCA/y-CD.
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Fig. 4 Time profiles of AAbs. of TCA/CD in H-O/CH3CN (9:1 v/v) obtained by using 266-nm laser pulses. Insets show the
enlarged curves for AAbs. between 1 and 2 ps. (A) TCA/a-CD, (B) TCA/B-CD, and (C) TCA/y-CD.
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Fig. 5 Energy level diagram of TCA showing states involved in TPI using 266-nm laser pulse. Colored and dashed arrows show
the photoabsorption and energy dissipation, respectively.
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Fig. 6 lonization quantum yields (@) and fluorescence lifetimes (t) of TCA in the presence of CDs(1.0 x 102, 1.0 x 103 M)

in AN/H20 (1/9 v/v).

— AT 2 ST BIZES9 2 TPLWFR I RO CFFMIAKIFED B D Z L 3BT\ 5 729, B-CD, y-CD
DIRFEZNFIT CD ZHRICE Y, T, 2 TFHOWINAHEZ 722 EI28Y, G RLIEEEZ LR
5. LML, a-CD OEEHETIE, B SELLFIZELS o722 D, G TFRD EE X LT,
EERITR 14 5O LH AR LT, ZOZ b, SEART MG ICT 234 CD OIRENIFIZE - T,
ICT ZIT DRI REN TS Z EnD Y, CDIZX->T, TCA @ ICT M| &4, Si DIRENHEK
L, TPIRNEZ V0T otz B2 b5, ICT 25T A D TCA IZX LT, 4 CD ORI
TPLIZHEHTHY, TPI DIBFRIZIBWT, & CDITEBA I OMENH D LI, Znbnl L

— 126 —



PruFFANY VERWIZNY YT —VD 20F 4 F AL

M6, % CD OEHENEN, 5TFD ICT ZHild5 2 L12k v, 537D TPL O @on \ZHEBEH %2 5 2 L)
R I T,

Fiz, RU—PF—D—EDHRTIE, BIENA T AT DT TR BEITITN 60N E NS 2 LnF
ZHNDM, ICTIEENEETHD &) ZENDh-oT=78, HIRAIZ, ICT (ZRIRT 2 MR E 72 E S
. Bz i~ T L= =G AR, %“%(4ﬁym)@%%ﬁ%ﬁ:kﬁf%é:&ﬁ%z%n
B TNHEEET S Z &, BRI 2RI HEREAR 2P E LI M 72 B AT D723 D
EEZHND,

4. #
ARFFETIE, 266-nm L——%& 7= TCA @O CD Gl TPLEFE & 3H~<7-. TCA % CD D ENF %
FHNCOKESRIZ VSR L, v~%w%%% FORHLIZTPHC L 2 Qi Gt LT & 25, v-CD HEFTIC
BOWTHAMZRENTZ. ZOREENHIRAREREHRIZIBIT 5 TCA OXFENRE S, ICT 251
&%%OTCAK%LT,%CD@@E%%%%%/M;ﬁﬁkréﬂh £7-, 4 CD OEIERNEN, 4y
FDOICT T 52 &2k, — &R FD TPLD Qi |THE A 5.2 5 Z LRI ENT-. /-, &
%ﬁ@l&ﬁv—#—%%®$®% MiE OtA Ak TIEfREN V7KL DM, ICT 345 LT
WD EWS ZEMBHALNE ol v VT L—H—REHE R Ea v BERRO bR (FhiEdiRagE
2) &5 OTREE BRI FIEIC X - T i3 570 L, X0 BhERMZDE0E (A1) ~D5EE]
[ZORMDIFRDE LN EEZHND,

| L3
ABFFENT, 2019 SRR TR P AR FREOMB 22T T2 b D TH S, ZZICHEBEELRLET.

X [y

L. BREE VXA, TBRIEENT 7V B VR RIBAN AR T T8 2%, 12 A~
https://www. kankyo-business. jp/news/025014. php (ZHRH 2020 4E5 A 24 H).

2. RIEE VXA, THRER TICE = TENESG VAT A §&iE 770787 ) —67
https://www. kankyo—business. jp/news/024949. php (ZFEH 2020455 H 24 H).

3. BREEEURA, WA, EREIEPC TU2 A T8 Bigk 1RE13THT2 A 26 HMBERGE”
https://www. kankyo-business. jp/news/024226. php (ZFRH 2020 4E5 A 24 H).

4. RIEE VXA, "ERTN—TPREE TR ABA, KR HBIBREERIE T 2T b~ MR
https://www. kankyo-business. jp/news/024000. php (ZHRH 2020 4E5 A 24 H).

5. B U A, TR, A 2 KR T ORI T35 CREBIEK RS, LT 2 Bs
https://www. kankyo—business. jp/news/024061. php (ZFEH 2020455 H 24 H).

6. BRI, TKEIGEBICLR D BRSSO EIC T A R
https://www. env. go. jp/water/dojo/noyaku/odaku_kijun/rv/tricyclazole. pdf (ZfRH 20204E5 H 24 H).

7. FUEE, —fgak, 77 XA M) UHEFICEITD U7 ) — VT VREEIRD 2 1A Ak, TR

SERFZEROTEE,  Vol. 42. (2012): pp. 411-446.
8. JFOETL, )nAct, 7 aT XA N AR HWOKERPIZET S 9,9-UAF AT VAL D 2 1A F Ak
I T RIS, Vol. 42. (2012): pp. 435-440.
JROETE, PrEEtk, fRERESE, ESBAE, JAcCh, =#EaR, v/ rT7 XA MY UHERICRIT AR Y
T UFRERD 2 Y61 A A Ak, W TR, Vol. 43, (2013): pp. 325-330.

©

— 127 —



10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

PruFFANY VERWIZNY YT —VD 20F 4 F AL

JFOETL, PSSR, =k, ), a7 XA N U EHWOKERPICEIT AT = =D 2t A
oAb, I LERFIOE,  Vol. 43. (2013): pp. 320-324.

Hara, M., M. Miwa, T. Takeshita, S. Watanabe, Resonance Two—Photon Ionization of Diarylethene in the
Presence of Cyclodextrin. Int. J. Photoenergy, Vol. 2013. (2013): pp. Article ID 374180
Takeshita, T., M. Hara, Resonance photoionization of a diarylethene derivative in the presence of
cyclodextrins using multi—color multi-laser irradiation. Journal of Photochemistry and Photobiology,
A: Chemistry, Vol. 310. (2015): pp. 180-188

Takeshita, T., Y. Kasaba, M. Hara, Resonant two—photon ionization of aromatic hydrocarbons included
in cyclodextrins. Journal of Photochemistry and Photobiology, A: Chemistry, Vol. 321. (2016): pp.
128-136.

FOETE, PrriEsk, Auideh, hvaiesl, EBANE, /e 7 x 2 N VIETNIZBT 5 N LD 2
A A oAb, B TERFRTALE,  Vol. 44. (2014): pp. 208-214.

Vg, dbEH, SRR, FUEE, 7 aT X2 M) KBRS TRy —0 2 A A
fb. fEHTERFIAE, Vol 45. (2015): pp. 285-292.

RS, fex REM, REE, FEE, /a7 M) U ETICBT 2RI T 0 vd 2 1A 4w
fb. REHTIERFHIME,  Vol. 46. (2016): pp. 180-187.

FHEAR, EBRZ, >2mrFX pJ20 19950 PEENE FR).

AARMETHRRSH "7 uaFx 2 F Y oo T??

http://www. nisshoku. co. jp/product/about_cyclodextrin. html (ZMH 20204E5 H 24 H).

vrualr KR T 3T vl 7 EhCoQl0 7 http://www. eyclochem. com/cdproducts/010. html (&
MRE 2020425 H 24 H).

vruars #) "vraTXx AR LY JSH T http://www. cyclochem. com/cd/o_005. html (ZffiH
2020 4F5 H 24 H).

INEEREE, KAGEE. "2 a7 XA N AR LT BRe M ERE O BHRS 7

http://paper. iri. pref. ehime. jp/report/2006/11_functional fiber. pdf (ZHRH 2020 4-5 H 24 H).

Day, C.P.F., A. Miloserdov, K. Wildish—Jones, E. Pearson, A.E. Carruthers, Quantifying the hygroscopic
properties of cyclodextrin containing aerosol for drug delivery to the lungs. Physical chemistry
chemical physics : PCCP, (2020).

Pérez—Calabuig, A.M., P. Diez, P. Martinez—Ruiz, R. Martinez-Manez, A. Sanchez, R. Villalonga, An
enzyme—controlled Janus nanomachine for on—command dual and sequential release. Chemical
communications (Cambridge, England), (2020).

Okuda, M., T. Hiramatsu, M. Yasuda, M. Ishigaki, Y. Ozaki, M. Hayashi, K. Tominaga, E. Chatani,
Theoretical Modeling of Electronic Structures of Polyiodide Species Included in a—Cyclodextrin. The
journal of physical chemistry. B, Vol. 124. (2020): pp. 4089-4096.

Singh, P.K., M. Kumbhakar, H. Pal, S. Nath, Confined ultrafast torsional dynamics of Thioflavin-T in
a nanocavity. Physical chemistry chemical physics : PCCP, Vol. 13. (2011): pp. 8008-8014

Sahoo, D., S. Chakravorti, Orientational dynamics of a charge transfer complex in cyclodextrin cavity
as receptor. Physical chemistry chemical physics : PCCP, Vol. 10. (2008): pp. 5890-5897
Purkayastha, P., Cu2+ induced charge transfer switch by choosing the right cyclodextrin environment.
Journal of Photochemistry and Photobiology, A: Chemistry, Vol. 212. (2010): pp. 43-48

Sowmiya, M., P. Purkayastha, A.K. Tiwari, S.S. Jaffer, S.K. Saha, Characterization of guest molecule
concentration dependent nanotubes of f-cyclodextrin and their secondary assembly: Study with
trans—2-[4 (dimethylamino) styryl]benzothiazole, a TICT-fluorescence probe. Journal of Photochemistry
and Photobiology, A: Chemistry, Vol. 205. (2009): pp. 186-196

— 128 —



PruFFANY VERWIZNY YT —VD 20F 4 F AL

29. Takeshita, T., H. Kurata, M. Hara, Improvement of photoionization efficiency of
diarylethene—cyclodextrin complexes by using multi-laser pulse excitation. Journal of Photochemistry
and Photobiology, A: Chemistry, Vol. 344. (2017): pp. 28-35.

(2020 4£ 9 J 10 H52#H)

— 129 —



