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Dual-mode Photochromic Properties of a Benzothiazole-azobenzene
Compound and Its Application in Optical Information Storage

LI Da"*, GUO Kunpeng’, ZHANG Fang’, ZHOU Shuyu'
(1. School of Automotive Engineering , Shanxi Vocational University of Engineering Science and Technology,
Jinzhong 030600, China;
2. Key Laboratory of Interface Science and Engineering in Advanced Materials , Ministry of Education,
Taiyuan University of Technology, Taiyuan 030024, China;
3. Department of Energy Chemistry and Materials Engineering , Shanxi Institute of Energy, Jinzhong 030600, China)

Abstract A novel benzothiazole azobenzene based photochromic compound (BTA) was synthesized through
diazocoupling reaction. lts chemical structure was confirmed, and the photoresponsive properties, mechanism, and
application prospects were studied by means of UV-Vis spectra, PL spectra, FTIR spectra, and theoretical calcula-
tions. The results indicated that based on the mechanism of cis-trans isomerization, BTA solution rapidly changed
from yellow to colorless and emitted blue fluorescence under UV light irradiation and could be restored to its initial
state by visible light irradiation under 60 °C heating, exhibiting reversible dual-mode photochromic phenomenon.
The film prepared by doping BTA with polymethyl methacrylate (PMMA) successfully achieved erasable optical
information storage. This study provides valuable insights and experimental evidence for the design of dual-mode

photochromic materials and their applications in smart optoelectronic devices.
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1 SEIGEH

1.1 KI5

2-VRLEMY | (4-BEFEIE) BIIR . DU T JEVALSE (TBAB) | DU ( =R RERE AR | 2- U L Jfmems | 5 FH 3
PR H R (PMMA ) | St = LA (DMSO-d) FRAR &5 (CDCL,) , 4dréli, R AR (i)
FBRAT] 5 BRBRBR | GHFREN . BREREN . SALEN . JOKEREREE . N ARG R , /il 2545 H Ak 2210
B E]; PRI (THF) | Ak . 88 O P be, srdral, K Rokib =0 . s256
KA BTG LK.

600spectrometer 7 1% i 2% 17 3% L (NMR) , 8 [E Bruker 23 ] 3 U-3900 %4 28 &) -0 Ul 435 % B 3t
(UV-Vis) Fl F-4700 £ %¢ 553 66 BE 31 (PL) , H A Hitachi 28 w] 5 Tensor27 i B 28 460 21 AR 5615 AY
(FTIR), %[ Elementar A 7] .
1.2 XiidiE
1.2.1 L& BTAM A BAMEEYIRE IS A Scheme 1 /R .

B, B 2-TRWEW} (326 mg, 2 mmol) . (4-ZFE7RFL) B2 (339 mg, 2.4 mmol) | AP (1. 382 g,
10 mmol) . TBAB(5 mg) FIPU ( =ZEFEE) 4 (116 mg, 0. 1 mmol) MIIA X I [REAEH (100 mL) H, L THF
(20 mL) F25 8 57K (4 mLAE R, FER A T HFEmAZRRNR . S8 hi5, BRI ZEER, M
AV AL BN TR — S T B AR U N, FH TG /K B R e 1A LA, R RS 2% & AU AR A3 2L =4
PAA e 282 1R (RFREE 50 1) RS TR RAT 2 M 43 85, 1551 283 mg ¥ Uk AR )™= 4 C1
773 81%. 'H NMR (600 MHz, CDCL,), 8: 7.63(dd, J=6.0, 1.8 Hz, 1H), 7.59(dd, J=4.8, 1.8 Hz,
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Scheme 1 Synthetic route of product BTA

IH), 7.50(s, 2H), 7.17 (m, 1H), 6.56(d, J=7.8 Hz, 2H), 4.16(m, 2H) ; “C NMR (150 MHz,
CDCL,) , &: 149.95, 142.65, 128.95, 127.94, 127.21, 126.88, 124.73, 114.63; JC % 43 #7 (% ,
C, H,NSTEAE) : C68.52(68.54), H5.16(5.18), N8.02(7.99), S 18.20(18.29).

TEVKIE AT, B &9 C1(2 mmol, 350 mg) il AFR LR (5T #5380 3%, 25 mL) 57Kk (5 mL) 19
RAERP I RrLe i . MJS , B 0 IAY BR #078 K (0. 2 mol/L, 10 mL) F-+E 20 min J5 % =
Z ik, INAGRFREH (2 mmol, 212 mg) Fl 2- 24 KL R FFHEME (2 mmol, 300 mg) , AKZE4HHE 20 min. [1] )
W om A & RSB HE, TS TTE Y VoK 2R eIt F B S TRA T TS, Do/
R TR AR 10 DAERREER, X" P 1 T b PR R E BT AE 3 B 32 20, 1531 465 mg B (alil (&
H 45779 BTA, 77 2% 69. 0%. 'H NMR (600 MHz, DMSO-d,) , &: 13.93(s, 1H), 7.96(d, J=7.8 Hz,
1H), 7.77(d, J=8.4 Hz, 3H), 7.52(m, 5H), 7.35(s, 1H), 7.16(s, 1H) ; “C NMR (150 MHz,
DMSO-d,) , 8: 166. 17, 150. 15, 150. 02, 143.22, 136. 82, 130.47, 127.94, 126. 88, 126. 82, 126. 03,
124.71, 122.28, 121.59, 121. 06, 118.53; JLRE/MHT(%, C H, NS, HHEAE) : C 60.72(60.69), H3.61
(3.60), N 16.62(16.65), S 19.05(19. 06) ; MALDI-TOF (C,H,N.S, 31541 ) , m/: 337.054(336.051)
[M]+.

122 FHEEE EAKR365 nm, JR K40 W LEIMTVE e IR EAVE T LM K
T 400~750 nm ., DJ# R 8 W I H BT AE R A E rh i mT WG . RESTES , SRR SR ISk
[ AR 0. 2 m.

1.2.3 BTA-PMMA # E & & & FERGAME T, B BTA NERA W (1 mmol/L) 55 PMMA U & W IR 145 1
(350 10% ) MATEE 1: 2 9 EL R A, A 238130 min. B mLIRG IR 510 A0 1606 48 1)
FEASE A 3 emx3 em AR B, FiR T E S min )5, $BE 40 CHZS T4 (0. 1 MPa) # 2 h, HIFSR
w o EWI BTA-PMMA R, K H B TR AMRAT, & .

2 GRS

2.1 LAYWBTAMHKTEMELE

e, EEET AT BTA PR AL S8 AN G RE ST HT . BB SIS AW SO 33 RN 2 e 13 ) A8
fb. WET(A) PR, HSROLIRET , BTA JRIATE R 324 2 AT, o 46 )% X 275 nm Ab i i fic g
Xof O F 55 SE A - BRAT KU X 388 mm b 14 W AT 08 D) 1 P 2 S s K — S5 0 1) e R .
M8 365 nm SHMT RS , U DX AW e RIR AR, BRI B AR o o . [WEE, 64549 BTA
W B9t kA T B B k. EN1L(B) IR, WIREANCE A H IS5, 6L INT 184
T, 475 nm A A9 E5R FE SRR, TIROR R E A0, UL EEER RN, 2 S EA RIFH)
FEEUR RS PERE , ORISR 2 R R AR 2 T RE DR L (5 2N R 4
SR B AR R IR L3

FZELT BTA VSR 19865 B Bl 58 P 6 BRI Tl () AR 00 . &l 2(A) FIR , £ 365 nm 4240 i
SR, 475 nm A= AR G0, S i R SR ) ) TS R 0 . FERRST 120 s S5, 475 nm AbPOER
JEARNTIIESE , iR B T IeRAE . dE— R R R eSO (6 n] 33 25 R TR ST B, S ) OB RE S AN
INAR SR A TC T SIS J 0 1 396 [ P A2 [ LA S F A BB ST(A) F(B) 15 A4 1196 (400 ~ 750
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Fig. 1 Absorption(A) and fluorescence(B) spectra of BTA (107 mol/L) before and after 365 nm UV
light irradiation

Inset of (A) showing the solution under daylight; inset of (B) showing the solution under UV light.
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Fig. 2 Time-dependent PL spectra of BTA(10”° mol/L) under UV light irradiation(A) and repeatability tests of
BTA(10° mol/L) by alternating UV irradiation and visible light-heating dual stimulation(B)
Inset of (A): time-dependent peak intensity curve of BTA (107 mol/L) under UV light irradiation.

nm) -5 60 CHIFAEMRNER 2 h5 , 38 $ it 2 08 5B it v IRk ) i 0 A BE 42, BTA VIR AT 58 405 1, IR
B RYRTCHICIRAS T S1(C) ], X —JE IR FEHLEI AT T ook 5 #aettRE s T 0+ MK
gER 25 R B AR . N T iz AR B R M, nE 2(B) R, LA 475 nm Ab B SOE5R B S bR
W, FE LRGBS A A R B ACEE R , Al LS G5 B ik ARl 3 AR Ak, 5 i
BRI — R R, (EATAT SN 2 RO AR AS A ALK 43, UESE A5 A A A 7
FRELAT A UL Py AT O 57 R

22 EYWBTAMNEKITEYIIE

STALA ) BTA BB @ALF AT TIRAMISGE . B9, M T AN EIR ST IS LT M6 .
BI3(A) T, 7E BTA IILLAMETEEI FR 1560 em™ Zb HA MR R RAAE 4, o] 58 F—N=N— i 45
PRBN . REEIMCIRETHT, 988 em™ AbFFA7E i 2 Hy W icie , A0 T TN 25 4R 3 U R-AIE , SR LA BTA
AbF S R EEE T2 S8 AN BRGSO Ay o B B S 055, (RIS 654 em ™ &b+ 38— 3 1 Rz i
W, FE PRI 454 (R A 1 T A M IR sh B g s 20, DL RS SRR, 7R MRS, BTA & 2E
TS [ RE R A R A B a4 i AR [ 1R 3(C) .

Bl TR XS trans-BTA Fll cis-BTA [SEAS S50 S fL T2 /0 A b AT T BTG . WniE 3(B) iR,
R L, IS HAG T A M 023 (RIA 52, 2R S5 RE I8 A o R I s B 1) — TRI A 4
k26, 7°H164. 37, it TR G5 R A 24. 9°FN0. 37, KIS K A AS A BHALN . 2 FhAS )4 Y 4
T G 4 A (HOMO) 43 A A RL, 451 Mo A R3S 0 B 28 1, X254 v B i fIR o
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Fig.3 FTIR spectra of BTA before and after UV light irradiation(A), optimized structures and frontier
molecular orbitals of cis-BTA and trans-BTA(B) and photochromic mechanism of BTA(C)

43 FHE (LUMO ) DU B A vl A3 A 2R JE KO R 43, LG A5 M 3R BRI 40 85 . 4
FIIBREZHE BN 4. 049 eV, B3 KT R ALY 3. 450 eV, ikt gk— R R X5 B FaE , W
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Fig. 4 Pictures of BTA-PMMA film under daylight(top) and UV light(bottom) before and after 365 nm
UV light irradiation(A), schematic diagram of BTA-PMMA film in information storage(B) and
example of application performance(C)
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HOEEUE AT SRR R R B e B — 2ot BT OB AR, JE—22 0T & T BTA-PMMA ¥ i
TEICAR BAFRH USRI . A& 4(B) Bz, SRATEESMDEISHE N " E A T H,, il i R A s Bl T
FARE BIC R s R G AR FRVE O R B, S8 B 1 15 B gt i B . S B i AR A
F4(CFR, 1E365 nm FEHMSEIT , G A ] 18] 52 A AR n] e B DR T AR NS B 5 BEJS7E
60 CHFRAEAE T, Z2FOLRST 2 h B a] SEBUf5 S o8 2 80R . lad Seae A B, A ) n] g S B0
HA-EBR-FE A Z AR R FRAPRR, BTA-PMMA B R B 05 1 Al 55 e~ ok
PERE.
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