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Research progress of benzotriazole ultraviolet stabilizer
with the nature of ESIPT
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Abstract: Benzotriazole derivatives possess great potentials in molecular devices due to their special
chemical structures, which stimulates photochemical and photophyscial investigation of benzotriazole
derivatives. This paper describes the characteristics, types, present research and application of
benzotriazole derivatives as ultraviolet stabilizer, points out the mechanism of excited state intramolecular
proton transfer (ESIPT) for benzotriazole derivatives, analyzes the problems in this kind of compounds and
puts forward the research future.
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Fig.1 Four levels process of the excited state intramolecular proton transfer (ESIPT)
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Fig.5 The synthetic routes of benzotriazole derivatives
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Fig.6 Jablonski Scheme for the Interpretation of Phosphorescence Evolution in 2-(2-hydroxyphenyl) benzotriazoles

1 B o=

W A SE B TSR A AR 2 1 & R H TR A ESIPT R4k A6 & 9 (1 A UURINBIE 58 80K i 2, Xf
e AL A ) F 9 3 AR v e B T AE R G S B TR R PR A I TR A W R A T RE RS
B2 1) 340 75 58 2o 52 50 K B

ST A = e S YR AT A W R - RS 11 ) AL, ok FE O RN S 56 A AL AR A 2 S R R A I 4
W B I T B ST W I T S B 45 BEUE B I kL S A7 AE ESIPT, SCHR R 19 28 IF = A e 2K
YeRHME A Py B 2 A0 2 R 0 AR BR 1 B 0 o B w3 05 A B AT (R e B 05 B B 00 45 L TR S R R 1Y
i P AL, AT 530 ESIPT & 2B W LSRRG . AH R, 50 3 9 i Mk mT LAl 3k Wi v 7 S 1A R i 5, AT ESIPT J2
NS RAEDY . BZ 0 TR A M2 G W BT B A 1 ESIPT B8 ME B8R, SE I LR AN 5 il 42 - 1
H &% T80 Y b2/ B A ESIPT K% ESIPT iy &R W AFE B L2 M8 TR J 1T I H A A FE 25
55 A 52 IE BT I A AR R 1 BB 68 R AR UK S A F N R T B AT A AR K I BIF 9T A5 ), 4 RO = Ak 3 Ak
B YT A I ESIPT PR 0B 5254 2 — M8 KA PR B . 55— 7 il % F ESIPT Z80f = Ak
A9 B 1 AE AR R A4 NP & 3 TR R 1 kA R SR I 5T T R I ) B AT

2% Uk :

[ 10 skaT R0 =m0 A BUCE: 5O ARE P X R LT W FE 1 1. 1998,28(2) 1 4-6.
ZHANG Jianyu. The relationship between the substituent group of benzotrizole derivatives and light stabilizer[ J']. Hunan Chemical
Industry, 1998,28(2): 4-6.

[ 2 ] Cordero R R, Roth P, Georgiev A, et al. Climatology of surface ultraviolet-radiation in valparaiso, Chile[J]. Energy Conversion
&. Management. 2005, 46(18); 2907-2918.

[ 3] Samper M D, Fages E, Fenollar O, et al. The potential of flavonoids as natural antioxidants and UV light stabilizers for



% 9 M MEL,E.AA ESIPT MR6RI;F =Rk R R RAEE A B R 73

polypropylene[ J]. Journal of Applied Polymer Science, 2013, 129(4), 1707-1716.

[ 4 ] BLmAE. R IF = w3 5 AN ) i 5 i L 20 58 LT . st B LR, 2010,

ZHU Yinghua. Study on the synthetic technology of benzotrizole ultraviolet [ J]. Nanjing University of Science and
Technology , 2010.

[5]Chen YL, ShihCY, Lin HS, et al. A highly efficient UV-C absorber based on theoretical and experimental studies[ J]. Journal
of the Chinese Chemical Society, 2017, 64. 282-288.

[ 6 ] Cohen S, Michal K D, Hai H H, et al. Engineering of UV-absorbing polypropylene films containing poly (2-(2’-hydroxy-5’-
methacryloxyethylphenyl)-2H-benzotriazole) nanoparticles[ ]J]. Polymers Advanced Technologies , 2017, 28 897-904.

[ 7] B4 1ot N TCR ARG WG AT 5D, 220 < 22 M k2, 2016,

TANG Dong. Studied on the synthesis of the five-or six-membered heterocycles containing nitrogen[ D]. Lanzhou: Lanzhou
University, 2016.

[ 8 1 iy 4. U 40 1k 17 i 5 i AR B LML A 5 - Ak 2% Tl i R » 2000.

HUANG Ruixin. The world fine chemical industry product quality specification manual [ M |. Beijing: Chemical Industry
Press, 2000.

[ 9 ] Farkas R, Lhiaubetvallet V, Corbera J, et al. Synthesis of new 2-(2’-hydroxyaryl) benzotriazoles and evaluation of their
photochemical behavior as potential UV-filters[ J]. Molecules, 2010, 15(15): 6205-6216.

[10] Frank W, Juergen K, Martin S, et al. Light-induced opening of the intramolecular hydrogen bond of UV absorbers of the 2-(2-
hydroxyphenyl)-1, 3, 5-triazine and the 2-(2-hydroxyphenyl) benzotriazole type[ J]. Journal of Physical Chemistry A, 2000, 104
(6): 1100-1106.

[11]JLuY, Gong Y L, Ma H Y, et al. 4-formyl-2-(2H-benzotriazol-2-yl-)-phenol: an ESIPT chromophore[]]. Chinese Science
Bulletin, 2014, 59(34). 4741-4751.

[12] Wang Z Q. Gong Y L, Jing C, et al. Synthesis of dibenzotriazole derivatives bearing alkylene linkers ascorrosion inhibitors for
copper in sodium chloride solution: A newthought for the design of organic inhibitors[ J]. Corrosion Science, 2016, 113 64-77.

[13] Gong Y L., Wang Z Q. Gao F, et al. Synthesis of new benzotriazole derivatives containing carbon chains as the corrosion inhibitors
for copper in sodium chloride solution[J]. Industrial &. Engineering Chemistry Research, 2015, 54, 12242-12253.

[14] Huang H J, Wang Z Q, Gong Y L, et al. Water soluble corrosion inhibitors for copper in 3.5 wt% sodium chloride
solution[ J]. Corrosion Science, 2017, 123.: 339-350.

[15] Khalid A A, Nader E, Tarek S. Ibrahim, et al. Benzotriazole-mediated synthesis and antibacterial activity of novel n-
acylcephalexins[ J]. Scientia Pharmaceutica, 2016, 84. 484-496.

[16] Paramjeet S B, Gusain R, Dhawaria M, et al. Antimicrobial and lubrication properties of 1-acetyl-3-hexylbenzotriazolium
benzoate/sorbate ionic liquids[J]. RSC Advances, 2016, 6; 46567-46572.

[17] Gregory H L, Alicia L, Katherine C H, et al. Benzotriazole (BT) and BT plant metabolites in crops irrigated with
recycled water[J]. Environmental Science; Water Research & Technology, 2017, 3(2): 179-380.

[18] Sivalingam S, Namhyeon K, Jeong J Y, et al. Benzotriazole-based donor-acceptor type low band gap polymers with a
siloxane-terminated side-chain for electrochromic applications[J]. Polymer, 2017, 116 226-232.

[19] Wang X L, Li HJ, Zhu M, et al. Convenient iodine-mediated aminoselenation of alkenes using benzotriazoles as nitrogen
sources[J]. RSC Advances, 2017, 7. 15709-15714,

[20] Lee M H, Kim J, Kang M, et al. Precise side-chain engineering of thienylenevinylene-benzotriazole-based conjugated
polymers with coplanar backbone for organic field effect transistors and cmos-like inverters[J]. American Chemical
Society: Applied Materials & Interfaces, 2017, 9. 2758-2766.

[21] Sennikova E V, Borodkina I G, Antsyshkina A S, et al. 2-(2-Pyridyl) indandione-1, 3 and its zinc (ii) and nick (ii)
complexes: synthesis and physicochemical characterization[]J]. Russian Journal of Inorganic Chemistry, 2006, 51(10):
1548-1551.

[22] Negri F, Caminati W. The tautomeric equilibrium of benzotriazole: new evidence from the jet-cooled rotational spectrum



74 TR KXKFFER % 40 A

and first principles calculations[ J]. Chemical. Physics. Letters. 1996, 260(1-2); 119-124.

[23] Jaroslaw P, Andzelika N, Maria B, et al. Experimental (13C NMR) and theoretical (ab initio molecular orbital
calculations) studies on the prototropic tautomerism of benzotriazole and some derivatives symmetrically substituted on the
benzene ring[J]. The Journal of Physical Chemistry A, 2007, 111(28): 6501-6509.

[247] Leonardo T U, Rodrigo O R, Milton S R, et al. About the benzotriazole tautomerism: an ab initio study[]]. Journal of
Molecular Structure: Theochem, 2003, s664-665(2) . 207-215.

[25] Fluegge A P, Waiblinger F, Stein M, et al. Probing the intramolecular hydrogen bond of 2-(2-hydroxyphenyl)
benzotriazoles in polar environment; a photophysical study of uv absorber efficiency[ J]. Journal of Physical Chemistry A,
2007, 111(39): 9733-9744.

[26] Martin J, Michael A, Blancafort L, et al. Mechanism of an exceptional class of photostabilizers: a seam of conical
intersection parallel to excited state intramolecular proton transfer (esipt) in o-hydroxyphenyl-(1,3,5)-triazine[J]. Journal
of Physical Chemistry A, 2005, 109; 7527-7537.

[27] Paterson M, Robb M, Blancafort L, et al. Theoretical study of benzotriazole UV photostability: ultrafast deactivation
through coupled proton and electron transfer triggered by a charge-transfer state[ J]. Journal of the American Chemical
Society, 2004, 126(9). 2912-2922.

[28] Maliakal A, Lem G, Nicholas J, et al. Twisted Intramolecular charge transfer states in 2-arylbenzotriazoles: fluorescence
deactivation via intramolecular electron transfer rather than proton transfer[ J]. Journal of Physical Chemistry A, 2002,
106(34): 7680-7689.

[29] LiHL, Li HR, Yang L, et al. Excited state intramolecular proton transfer fluorescence emission of o-hydroxyphenyl-
triazine derivatives[J]. 2011, 56(14): 1457 ~1460.

[30] Gong Y L, Wang Z Q. Zhang S T, et al. New ESIPT-inspired photostabilizers of two-photon absorption coumarin-
benzotriazole dyads: from experiments to molecular modeling[ J]. Industrial & Engineering Chemistry Research, 2016,
55: 5223-5230.

[31] Rodriguez W, Zugazagoitia J S, Collado E, et al. Excited state intramolecular proton transfer in schiff bases. decay of the
locally excited enol state observed by femtosecond resolved fluorescence[ J]. The Journal of Physical Chemical A, 2007,
111(28), 6241-6247.

[32] BB S MRS T W BT 5B AL TOF st LI 16 7 « W06 .1999,10(4) :380-384.

ZHAO Chunliu, et al. Progress of study on the organic molecules of excited-state int ramolecular proton transfer[]].
Journal of Optoelectronics Laser, 1990, 10(4): 380-384.

[33] Carter T P, VanBenthem M H, Gilllsple G D. Fluorescence and fluorescence excitation spectra of 1-aminoanthraquinone in
an n-heptane shpol’skii matrix [J].The Journal of Physical Chemical, 1983, 87 1891-1898.

[34] Carter T P, Gillsple G D, Connolly M A. Intramolecular hydrogen bonding probed by laser-induced fluorescence
dihydroxyanthraquinone (quinizarin) [J]. Chemischer Informationsdienst, 1982, 13(18) : no-no.

[35] Ferrer M L, Acuna A U, Amat-Guerri F, et al. Proton-transfer lasers from solid polymeric chains with covalently bound
2-(2’-hydroxyphenyl) benzimidazole groups[J]. Apllied Optics, 1994, 33(12): 2266-2272.

[36] Frey W, Laermer F, Elsaesser T. Femtosecond studies of excited-state proton and deuterium transfer in benzothiazole
compounds[J]. Cheminform, 1991, 95(25); 10391-10395.

[37] Fores M, Duran M, Sola M, et al. Excited-State intramolecular proton transfer and rotamerism of 2-(2’-hydroxyvinyl)
benzimidazole and-2-(2’-hydroxyphenyl) imidazole[J]. Journal of Physical Chemistry A, 1999, 103. 4413-4420.

[38] Ireland J F, Wyatt P A H. Acid-Base properties of electronically excited states of organic molecules[J]. Advances in
Physical Organic Chemistry, 1976, 12, 131-221.

[39] Alkorta I, Elguero J, Donnadieu B, et al. The structure of 3,5-bis (trifluoromethyl) pyrazole in the gas phase and in the
solid state[ J|. New Journal of Chemistry, 1999, 23: 1231-1237.

[40] Arnaut L, Formosinho S. Excited-state proton transfer reactions I. Fundamentals and intermolecular reactions[ ] ]. Journal



% 9 M MEL,E.AA ESIPT MR6RI;F =Rk R R RAEE A B R 75

of Photochemistry Photobiology A Chemistry, 1993, 75(1) . 1-20.

[417 WuSZ, Luo SJ, She W L, et al. All-optical switching effects in poly (methyl methacrylate) composites[]]. Reactive &
Functional Polymers, 2003, 56(1): 83-88.

[42] Guo Y X, Li X P, Zheng J J, et al. Excited state proton transfer effect of 7-hydroxyquinoline in dimethyl sulfoxide
solvent[ J]. Opto-electronics Letters, 2006, 2(2): 115-117.

[43] Yang-Kyoo H, Bong-Soo K. Synthesis of new erasable optical data storage polymers and their applications[J]. Optical
Materials, 2002, 21(1): 621-625.

[44] Zhan H B, Chen W Z, Wang M Q. Study on the optical limiting mechanism of metallo-phthalocyanine/silica gel glass
composites[ J |. Materials Letters, 2005, 59(11): 1395-1399.

[457] B BRAE 2228, 5K B2 e fe e 700 b R A F R EM. A 5t v [ 48 Tolk s i, 2010.

SUI Zhaode, Li Jie, ZHANG Yujie. Light stabilizer and its application technology[ M]. Beijing: China Light Industry
Press, 2010.

[46] ar A Sufe e MAT ML 7 L) . A6 st B 540, 2016 (4) : 224-224.

YU Shenghua. The analysis of light stabilizer industry [J]. Beijing: Science-Technologe and Enterprise, 2016 (4):
224-224.

[47] Weller Albet. Innermolekularer protonenubergang im angeregten zustand[J]. Zeitschrift FUr Elektrochemie, 2015, 60(9-
10) . 1144-1147.

[48] Zeng Q G, Ding Z J, Zhang Z M. Synthesis, structure and optical properties of Eu3 +/TiO2 nanocrystals at room
temperature [ J]. Journal of Luminescence, 2006, 118(2). 301-307.

[49] Yu W S, Cheng C C, Cheng Y M, et al. Excited-stated intramolecular proton transfer in five-membered hydrogen-bonding
systems: 2-pyridyl pyrazoles[J]. Journal of the Americal Chemical Society, 2003, 125(36): 10800-10801.

[50] Chen C L, Lin C W, Hsieh C C, et al. Dual excited-state intramolecular proton transfer reaction in 3-Hydroxy-2-(pyridin-
2-yD-4H-chromen-4-one[ J]. The Journal of Physical Chemistry A. 2009, 113; 205-214.

[51] Chen K Y, Hsiech C, Cheng Y, et al. Extensive spectral tuning of the proton transfer emission from 550 to 675nm via a
rational derivatization of 10-hydroxybenzo[ h ]quinoline[ J]. Chemical Communications, 2006, 42(42): 4395-4397.

[52] Chen K Y, Cheng Y M, Lai C H, et al. Ortho green fluorescence protein synthetic chromophore; excited-state
intramolecular proton transfer via a seven-membered-ring hydrogen-bonding system[J]. Journal of the American Chemical
Society, 2007, 129(15), 4534-4535.

[53] Frank W, Juergen K, Martin S, et al. Light-Induced opening of the intramolecular hydrogen bond of absorbers of the 2-
(2-Hydroxyphenyl)-1,3,5-triazine and the 2-(2-Hydroxyphenyl) benzotriazole Type[ ]J]. Journal of Physical Chemistry A,
2000, 104 1100-1106.

[54] Martin Stein, Juergen Keck, Frank Waiblinger, et al. Influence of polymer matrixes on the photophysical properties of UV
absorbers[ ] ]. Journal of Physical Chemistry A, 2002, 106: 2055-2066.

[55] Lin HY, Chang X P, Yan D P, et al. Tuning excited-state-intramolecular-proton-transfer (ESIPT) process and emission

by cocrystal formation: a combined experimental and theoretical study[J]. Chemical Science, 2017, 8: 2086-2090.

(€ D)



