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Figure 1 (Color online) Chemical structure of compound TCP and
the diagram of the construction of artificial sequential light-harvesting
system.
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298 K): 6 (ppm) = 7.62 (d, J = 8.0 Hz, 2H, Ar-H), 7.55
(d, J = 8.0Hz 2H, Ar-H), 7.30 (s, 1H, —-CH=C),
7.14~7.03 (m, 17H, Ar-H), 6.92 (d, J = 12.0 Hz, 2H,
Ar-H), 400 (t, J = 6.8 Hz, 2H, -CH,-), 3.44 (t, J =
6.8 Hz, 2H, —-CH,-), 1.93~1.80 (m, 4H, -CH,-), 1.52 (t, J
= 3.6 Hz, 4H, —-CH,-). "C NMR (101 MHz, CDCL,,
298 K): & (ppm) = 159.82, 146.03, 143.43, 143.37,
143.25, 142.18, 140.09, 139.78, 131.90, 131.40, 131.35,
131.33, 128.53, 127.91, 127.85, 127.70, 127.23, 127.07,
126.88, 126.71, 126.68, 118.37, 114.92, 110.24, 67.93,
33.86, 32.67, 29.03, 27.93, 25.30. 117> #5555 H 5 I
i (HR-ESI-MS) m/z: [M + Na] 1548 }[C,,H;BrNO-
Na]™ = 660.18721662.1852; I 1E H660.1873
662.1853.
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FAFEZEHT(DCM/MeOH = 1:2)4i4k, 53L& TCP
NI 4033 g, 1.38 mmol, 92%). 'H NMR
(400 MHz, —FIJ: W ADMSO-d,, 298 K): § (ppm) =
8.96 (d, J = 4.0 Hz, 2H, Py-H), 7.90 (d, J = 4.0 Hz, 2H,
Ar-H), 7.70 (s, 1H, -CH=C), 7.70~7.63 (m, 4H, Ar-H),
7.19~6.97 (m, 19H, Ar-H), 4.55 (t, J = 7.0 Hz, 2H,
—CH,-), 4.00 (t, J = 6.2 Hz, 2H, —-CH,-), 2.60 (s, 3H,
—CH,), 1.96~1.88 (m, 2H, —CH,-), 1.76~1.68 (m, 2H,
—CH,-), 1.50~1.41 (m, 2H, —CH,-), 1.36~1.29 (m, 2H,
~CH,-). C NMR (101 MHz, DMSO-d,, 298 K):
5 (ppm) = 159.89, 159.22, 145.76, 144.20, 143.37,
143.20, 142.12, 140.36, 140.27, 132.45, 131.65, 131.18,
131.14, 131.07, 128.93, 128.82, 128.49, 128.45, 128.32,
127.64, 127.35, 127.25, 126.61, 118.58, 115.51, 109.73,
67.99, 60.28, 30.95, 28.73, 25.56, 25.36, 21.84. HR-ESI-
MS m/z: [M-Br]" i+548 N[C,H,;3N,0] = 651.3370; 31
RMH N651.3361.
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Figure 2 Synthetic route of TCP.
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Figure 3 (Color online) (a) Fluorescence spectra of TCP in DMSO/
H,O mixtures at different water fractions. (b) Graph of the relationship
between //] values and water content. Insets: fluorescent photos of TCP
at (i) f,, = 0% and (ii) f;, = 90%, and the Tyndall effect of TCP at (iii) f,,
= 0% and (iv) f, = 90%. I, is the fluorescence intensity of TCP at f,, =
0%. Ao, = 375nm, [TCP] =1 x 107 M.
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Figure 4 (Color online) (a) DLS data of TCP. Insets: fluorescent
photo of TCP (left) and the Tyndall effect (right). (b) Scanmng electron
microscopy (SEM) image of TCP. [TCP] =2 x 10~ *M.
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Figure 5 (Color online) (a) Normalized fluorescence spectra of TCP
(dashed curve) and ultraviolet (UV) absorption spectra of ESY (solid
curve). (b) Fluorescence spectra of TCP-ESY with titration of ESY.
Insets: fluorescent photos of TCP and TCP-ESY aqueous solutions
under 365 nm UV lamp. (c) Fluorescence lifetime decay curves of TCP
and TCP-ESY. (d) Energy transfer efficiency and antenna effect at
different concentrations of ESY. 4., = 375 nm, [TCP] =2 x 10° M.
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Figure 6 (Color online) (a) Normalized fluorescence spectrum of
TCP-ESY (dashed curve) and UV absorption spectrum of SR101 (solid
curve). (b) Fluorescence spectra of TCP-ESY upon titration of SR101.
Insets: fluorescent photographs of TCP-ESY and TCP-ESY-SR101
under UV irradiation at 365 nm. (c) Fluorescence lifetime decay curves
of TCP-ESY and TCP-ESY-SR101. (d) Energy transfer efficiency and
antenna effect at different concentrations of SR101. [TCP] = 2 x 107
M, [ESY] = 4 x 107" M, A,, = 375 nm.
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Figure 7 (Color online) Fluorescence spectra of TCP (a), TCP-ESY (b), and TCP-ESY-SR101 (c). Insets: fluorescent photographs of TCP, TCP-
ESY, TCP-ESY-SR101; 4., = 375 nm, [TCP] =2 x 107 M, [ESY] =4 x 1077 M, [SR101] = 1.2 x 107 M. (d) Photographs of original LED bulbs
with power off (i) and power on (ii), and photographs of LED bulbs coated by TCP, TCP-ESY and TCP-ESY-SR101 with power off (iii) and power

on (iv).

W5, LEDAT R S5 s A (. #2355, % TCP.
TCP-ESY ([TCP] =2 x 10 M, TCP/ESY = 50:1)#ll
TCP-ESY-SR101 ([TCP] = 2 x 10 M, TCP/ESY/
SR101 = 1000:20:6)¥ IR 4: J5 5 K AME IR K35 5]
R, ARG IHGAT TLEDAT £ 1 31 FH365 nm 41
HE S e SRR 4 W P 25 T LED /N 3R 1. M P 7d (i)
A LAVEH, BATCP. TCP-ESYFITCP-ESY-SR101
AR MLED/NT 7E A0 N 23 (s (A 4 fhn3 v
Mg, LEDXT 433k B Skt s o
L (EI7d(iv)). IR EeLs FR W, ) Sk S il
HAFB M BHE BB AT FILED ROt 24 h B
TEAE 1) B R3¢

4 g

R EPTd, ASAERS bl T AT ALE

#hFEAA R

AN TR I 25 iR chemen.scichina.com. #h 78 A4k} R VEE AL I IR aa 50, 1B 5% H AR B E ) 25

510

SRRIM DR RE R N DR RS, wk, &
THE R T TCPAr 1, HASB/KIIEIER 5P
VU 2 L AR K e ne Sh 25 4, HAE B S 105E5
AKAER FAEK B 3 gk ik, HEA RIGHst
BUOERATRET], ATE MR R IR AR, ik, PLER
IKMEGLRIESY N gk RE 24k SR1I01ASE —REEZ
AR IR ILH B B TCPYK R, BTN BT 1 2 T
TCP-ESY-SRI101¥ELRE BB Ik RS, Wbk
WA 4 IR B Re B S AR i = 1] 1487.8%. T
o HAZERISAERE, B S 2R g, s
BT TR GRS, G Skt B B Ak £
AR B S. Ba, HEEIMPEAMER
AiTLEDST L, /ilf3 840, St fgatt
M9 FELEDAT. AW B IE S R LR OL iR &R
GiE—ERRE FEA T B AR R R,
BAE R I A B ATV AE I S 5

b

AN


http://chemcn.scichina.com

REFR: b 20254 H55F 0 H2 M

%3k

—_

O 0 9 AN W A~ W N

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Mirkovic T, Ostroumov EE, Anna JM, van Grondelle R, Govindjee R, Scholes GD. Chem Rev, 2017, 117: 249-293
Qin X, Suga M, Kuang T, Shen JR. Science, 2015, 348: 989-995

Scholes GD, Fleming GR, Olaya-Castro A, van Grondelle R. Nat Chem, 2011, 3: 763-774

Hu X, Damjanovic A, Ritz T, Schulten K. Proc Natl Acad Sci USA, 1998, 95: 5935-5941

Peng HQ, Niu LY, Chen YZ, Wu LZ, Tung CH, Yang QZ. Chem Rev, 2015, 115: 7502-7542

Bokotial D, Acharyya K, Chowdhury A, Mukherjee PS. Angew Chem Int Ed, 2024, 63: 202401136

Wang K, Shen Y, Jeyakkumar P, Zhang Y, Chu L, Zhang R, Hu XY. Curr Opin Green Sustain Chem, 2023, 41: 100823
Chen XM, Chen X, Hou XF, Zhang S, Chen D, Li Q. Nanoscale Adv, 2023, 5: 18301852

Wang Y, Han N, Li X, Yu S, Xing L. ChemPhysMater, 2022, 1: 281-293

Wang K, Velmurugan K, Li B, Hu XY. Chem Commun, 2021, 57: 13641-13654

Hu YX, Li WIJ, Jia PP, Wang XQ, Xu L, Yang HB. 4Adv Opt Mater, 2020, 8: 2000265

Xiao T, Zhong W, Zhou L, Xu L, Sun XQ, Elmes RBP, Hu XY, Wang L. Chin Chem Lett, 2019, 30: 31-36

Otsuki J. J Mater Chem A, 2018, 6: 6710-6753

Chen D, Xiao T, Monflier E, Wang L. Commun Chem, 2024, 7: 88

Zhang Q, Qian H, Xiao T. Sci Sin Chim, 2023, 53: 2546-2560 (in Chinese) [3KI5 4, 27156, 14 5%. hEELA: L2, 2023, 53: 2546-2560]
Ahmed S, Kumar A, Mukherjee PS. Chem Mater, 2022, 34: 9656-9665

Cen R, Liu M, Lu JH, Tao Z, Xiao X. ACS Appl Mater Interfaces, 2024, 16: 13132—13138

Hao M, Sun G, Zuo M, Xu Z, Chen Y, Hu XY, Wang L. Angew Chem Int Ed, 2020, 59: 10095-10100

Jia PP, Hu L, Dou WT, Xu XD, Sun H, Peng ZY, Zhang DY, Yang HB, Xu L. J Mater Chem C, 2023, 11: 6607-6615
Li JJ, Zhang HY, Dai XY, Liu ZX, Liu Y. Chem Commun, 2020, 56: 5949-5952

Lian Z, He J, Liu L, Fan Y, Chen X, Jiang H. Nat Commun, 2023, 14: 2752

Liu Q, Zuo M, Wang K, Hu XY. Chem Commun, 2023, 59: 13707-13710

Wu Z, Qian H, Li X, Xiao T, Wang L. Chin Chem Lett, 2024, 35: 108829

Xiao T, Li X, Zhang L, Diao K, Li ZY, Sun XQ, Wang L. Chin Chem Lett, 2024, 35: 108618

Wu Y, Wang Y, Yu X, Song Q. Adv Sci, 2024, 11: 202404269

Zhang D, Li M, Jiang B, Liu S, Yang J, Yang X, Ma K, Yuan X, Yi T. J Colloid Interface Sci, 2023, 652: 1494-1502
Hong Y, Lam JWY, Tang BZ. Chem Soc Rev, 2011, 40: 5361-5388

Wei T, Sun L, Xu H, Liu Z, Shen Z. Sci Sin Chim, 2022, 52: 2168-2182 (in Chinese) [ 1%, #h&:, 1H3 %, XIEMS, Tk hERIE: 1b2, 2022,
52: 2168-2182]

Luo J, Xie Z, Lam JWY, Cheng L, Tang BZ, Chen H, Qiu C, Kwok HS, Zhan X, Liu Y, Zhu D. Chem Commun, 2001, 1740-1741
Ma X, Wang J, Tian H. Acc Chem Res, 2019, 52: 738-748

Song N, Zhang Z, Liu P, Yang YW, Wang L, Wang D, Tang BZ. Adv Mater, 2020, 32: ¢2004208

Dai XY, Huo M, Liu Y. Nat Rev Chem, 2023, 7: 854-874

Gu J, Li Z, Li Q. Coord Chem Rev, 2023, 475: 214872

Yang Z, Chi Z, Mao Z, Zhang Y, Liu S, Zhao J, Aldred MP, Chi Z. Mater Chem Front, 2018, 2: 861-890

Yu JG, Sun LY, Wang C, Li Y, Han YF. Chem Eur J, 2021, 27: 1556-1575

Fu K, Zeng X, Zhao X, Wu Y, Li M, Li XS, Pan C, Chen Z, Yu ZQ. Small, 2021, 17: 2103172

Saha ML, Yan X, Stang PJ. Acc Chem Res, 2016, 49: 2527-2539

Feng HT, Yuan YX, Xiong JB, Zheng YS, Tang BZ. Chem Soc Rev, 2018, 47: 7452-7476

Chen D, Bao C, Zhang L, Zhang Q, Wu Z, Li ZY, Sun XQ, Wang L, Xiao T. Adv Funct Mater, 2024, 34: 2314093
He X, Wei P. Chem Soc Rev, 2024, 53: 6636—6653

Ren D, Tang L, Wu Z, Zhang Q, Xiao T, Elmes RBP, Wang L. Chin Chem Lett, 2023, 34: 108617

Tang L, Wu Z, Zhang Q, Hu Q, Dang X, Cui F, Tang L, Xiao T. Chem Commun, 2024, 60: 4719-4722

Wang Y, Ma CQ, Li XL, Dong RZ, Liu H, Wang RZ, Yu S, Xing LB. J Mater Chem A, 2023, 11: 2627-2633

511


https://doi.org/10.1021/acs.chemrev.6b00002
https://doi.org/10.1126/science.aab0214
https://doi.org/10.1038/nchem.1145
https://doi.org/10.1073/pnas.95.11.5935
https://doi.org/10.1021/cr5007057
https://doi.org/10.1002/anie.202401136
https://doi.org/10.1016/j.cogsc.2023.100823
https://doi.org/10.1039/D2NA00934J
https://doi.org/10.1016/j.chphma.2022.05.002
https://doi.org/10.1039/D1CC06011B
https://doi.org/10.1002/adom.202000265
https://doi.org/10.1016/j.cclet.2018.05.034
https://doi.org/10.1039/C7TA11274B
https://doi.org/10.1038/s42004-024-01175-6
https://doi.org/10.1360/SSC-2023-0150
https://doi.org/10.1021/acs.chemmater.2c02409
https://doi.org/10.1021/acsami.3c19359
https://doi.org/10.1002/anie.201912654
https://doi.org/10.1039/D2TC05264D
https://doi.org/10.1039/D0CC01292K
https://doi.org/10.1038/s41467-023-38405-9
https://doi.org/10.1039/D3CC04040B
https://doi.org/10.1016/j.cclet.2023.108829
https://doi.org/10.1016/j.cclet.2023.108618
https://doi.org/10.1002/advs.202404269
https://doi.org/10.1016/j.jcis.2023.08.184
https://doi.org/10.1039/c1cs15113d
https://doi.org/10.1360/SSC-2022-0141
https://doi.org/10.1039/B105159H
https://doi.org/10.1021/acs.accounts.8b00620
https://doi.org/10.1002/adma.202004208
https://doi.org/10.1038/s41570-023-00555-1
https://doi.org/10.1016/j.ccr.2022.214872
https://doi.org/10.1039/C8QM00062J
https://doi.org/10.1002/chem.202002830
https://doi.org/10.1002/smll.202103172
https://doi.org/10.1021/acs.accounts.6b00416
https://doi.org/10.1039/C8CS00444G
https://doi.org/10.1002/adfm.202314093
https://doi.org/10.1039/D4CS00325J
https://doi.org/10.1016/j.cclet.2023.108617
https://doi.org/10.1039/D4CC00616J
https://doi.org/10.1039/D2TA09227A

TRIGRAE: Fe TR IR LR AT AL B DU L0 0 PR R 0 7 R S R 2R 4 A A SRR

44 Teng KX, An ZP, Niu LY, Yang QZ. ACS Mater Lett, 2023, 6: 290-297

45 Shi B, Li X, Chai Y, Qin P, Zhou Y, Qu WJ, Lin Q, Wei TB, Sun Y, Stang PJ. Angew Chem Int Ed, 2023, 62: 202305767
46 LiD, Yang L, Fang W, Fu X, Li H, Li J, Li X, He C. Chem Sci, 2023, 14: 9943-9950

47 Yuan YX, Jia JH, Song YP, Ye FY, Zheng YS, Zang SQ. J Am Chem Soc, 2022, 144: 5389-5399

48 Xu L, Wang Z, Wang R, Wang L, He X, Jiang H, Tang H, Cao D, Tang BZ. Angew Chem Int Ed, 2020, 59: 9908-9913
49 Wang Z, He X, Yong T, Miao Y, Zhang C, Zhong Tang B. J Am Chem Soc, 2020, 142: 512-519

50 Zhang Z, Zhao Z, Hou Y, Wang H, Li X, He G, Zhang M. Angew Chem Int Ed, 2019, 58: 8862-8866

51 Wang XH, Song N, Hou W, Wang CY, Wang Y, Tang J, Yang YW. Adv Mater, 2019, 31: €1903962

52 LiY, Dong Y, Cheng L, Qin C, Nian H, Zhang H, Yu Y, Cao L. J Am Chem Soc, 2019, 141: 8412-8415

53 Li C, Zhang J, Zhang S, Zhao Y. Angew Chem Int Ed, 2019, 58: 1643—-1647

54 Peng HQ, Xu JF, Chen YZ, Wu LZ, Tung CH, Yang QZ. Chem Commun, 2014, 50: 1334-1337

55 Kim HJ, Nandajan PC, Gierschner J, Park SY. Adv Funct Mater, 2018, 28: 1705141

56 Lill, Chen Y, YuJ, Cheng N, Liu Y. Adv Mater, 2017, 29: 1701905

57 Li X, Zhang Q, Dang X, Cui F, Li ZY, Sun XQ, Xiao T. Energy Adv, 2024, 3: 1672-1677

58 Xiao T, Ren D, Tang L, Wu Z, Wang Q, Li ZY, Sun XQ. J Mater Chem A, 2023, 11: 18419-18425

59 Xiao T, Tang L, Ren D, Diao K, Li Z-, Sun X-. Chem Eur J, 2023, 29: €202203463

60 Sun D, Han X, Liu S. Sci Sin Chim, 2023, 53: 25232545 (in Chinese) [#M&4, S, X1 B b BRI (22, 2023, 53: 2523-2545]
61 Xiao T, Qi L, Zhong W, Lin C, Wang R, Wang L. Mater Chem Front, 2019, 3: 1973-1993

62 Yu G, Jie K, Huang F. Chem Rev, 2015, 115: 7240-7303

63 Chang Y, Jiao Y, Symons HE, Xu JF, Faul CFJ, Zhang X. Chem Soc Rev, 2019, 48: 989—-1003

64 Huang Z, Chen Y, Zhou C, Wang K, Liu X, Mao L, Yuan J, Tao L, Wei Y. Dyes Pigments, 2021, 184: 108829

65 Xiao T, Zhang L, Wu H, Qian H, Ren D, Li ZY, Sun XQ. Chem Commun, 2021, 57: 5782-5785

66 Xiao T, Wu H, Sun G, Diao K, Wei X, Li ZY, Sun XQ, Wang L. Chem Commun, 2020, 56: 12021-12024

67 Xiao T, Qian H, Li X, Wu Z, Li ZY, Sun XQ. Dyes Pigments, 2023, 215: 111289

68 Mu C, Zhang Z, Hou Y, Liu H, Ma L, Li X, Ling S, He G, Zhang M. Angew Chem Int Ed, 2021, 60: 12293-12297

512


https://doi.org/10.1021/acsmaterialslett.3c01315
https://doi.org/10.1002/anie.202305767
https://doi.org/10.1039/D3SC02943C
https://doi.org/10.1021/jacs.1c12767
https://doi.org/10.1002/anie.201907678
https://doi.org/10.1021/jacs.9b11544
https://doi.org/10.1002/anie.201904407
https://doi.org/10.1002/adma.201903962
https://doi.org/10.1021/jacs.9b02617
https://doi.org/10.1002/anie.201812146
https://doi.org/10.1039/C3CC48618D
https://doi.org/10.1002/adfm.201705141
https://doi.org/10.1002/adma.201701905
https://doi.org/10.1039/D4YA00252K
https://doi.org/10.1039/D3TA03498D
https://doi.org/10.1002/chem.202203463
https://doi.org/10.1360/SSC-2023-0172
https://doi.org/10.1039/C9QM00428A
https://doi.org/10.1021/cr5005315
https://doi.org/10.1039/C8CS00806J
https://doi.org/10.1016/j.dyepig.2020.108829
https://doi.org/10.1039/D1CC01788H
https://doi.org/10.1039/D0CC05077F
https://doi.org/10.1016/j.dyepig.2023.111289
https://doi.org/10.1002/anie.202100463

REFR: b 20254 H55F 0 H2 M

A cyanostilbene-derived tetraphenylethylene based donor for
constructing supramolecular sequential light-harvesting systems
and their application
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Abstract: The light-harvesting system in natural photosynthesis exhibits efficient energy absorption and transfer, which
has inspired the development of various nanocarrier platforms and energy transfer strategies to mimic this natural
phenomenon. In this study, we designed and synthesized a cyanostilbene-derived tetraphenylethylene molecule (TCP)
that also contains a hydrophilic pyridinium salt group. TCP self-assembles into nanoparticles in aqueous solution,
combining the structural characteristics of tetraphenylethylene and cyanostilbene and their aggregation-induced
emission (AIE) properties, and exhibits strong green fluorescence. By incorporating the commercially available dyes
eosin Y (ESY) and sulforhodamine 101 (SR101) as the relay acceptor and the final acceptor into the nanoparticles
respectively, the excitation energy from the donor TCP can be efficiently transferred to SR101, achieving a total energy
transfer efficiency of 87.8%. Finally, the prepared light-harvesting nanoparticles were applied to light-emitting diode
(LED) devices to achieve color-tunable luminescence. This work demonstrates a strategy to regulate luminescent
materials at the molecular and supramolecular levels, constructs an efficient light-harvesting system, and has great
potential in the manufacture of bright and tunable luminescent materials.

Keywords: light-harvesting system, supramolecular self-assembly, tetraphenylethylene, cyanostilbene, aggregation-
induced emission
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