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Abstract

In this paper, a water-soluble carboxylate-pillar [5] arene (WH5) was innovatively used as a macro-
cyclichost molecule, and a photoactive carbazole-based derivative (CPD) with aggregation-induced
emission (AIE) ability was used as a guest molecule, which was interacted with the host to form a
stable WH5-CPD complex. The complex constructs a regular nanoparticle aggregates structure in
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the aqueous phase through the self-assembly process, showing unique bifunctional properties: on
the one hand, the aggregated WH5-CPD nanoparticles could act as a primary energy donor based on
the AIE fluorescence characteristics of CPD, and on the other hand, the efficient encapsulation of
fluorescent Phloxine (PHB) dye molecules was realized by the nano-cavity structure of WH5-CPD
assembly, finally resulting in the successful construction of the ternary WH5-CPD-PHB light-har-
vesting system with hierarchical energy transfer function. The experimental data showed that when
the molar ratio of CPD to PHB in the system was optimized to 250:1, the fluorescence resonance
energy transfer efficiency was up to 43%, and the antenna effect value of 23.2 was obtained, which
was significantly better than that of traditional light-harvesting system, providing an innovative
strategy for the development of efficient aqueous artificial light-harvesting systems.
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1. 51§

JeAAE IR F LT A A ar e gt T RRECSRIE, B R ERI ARSI AEA6EE, itk = A ARRFIIK
HEE WA RBCA S, SR ER R, MERA R RARAAELZERX(1] [2]. BN RZIE K,
B BOEILARAEEHF(FRETNIEIF R T 2R 2R N TRl AT BAR SO —id
FR[3][4]o TEREZH], Ko N THHIRE RB/E S B R Al AR, T s IR /K M s Gkt Al
T HERER M REFE TR K(ACQ), T B2 FEEA NI AT, SRR KRR RS T A Tok
TR R AU R [5]. Ak, BFFEN ORI I R FH R0 B 2 e A SR AR 5 3 OB (ATE) b4
SRAFUN T el A ] ARG ST Tt SRt B e A iR s kAT, Bt 7 N TRk R
HIR S5 [6]-[8]. 2020 4, T 5K 55 #B RS2 5L T /K AL 5175 12 (WPS)FI Bola 2 — e St 42 2h it A=
YI(TPEDA) ERARRBIER, M3 7 S REEAL SR AMH N TOURE R, Iy sedlis N O R
REH N T OGS, XHRANBEARE BRSO S EH R 22 [9]. 2024 4F, 3 & B RS A [FF
B WP 50U 2R ATAEYIGRB T B IR THefi sk R, SRil T DR EfEE, Huou bk
BRI FH AR SURAZ 1012025 4, BATTLIE S /KRR ER £hAE[ 5175 K (WPPS) 5 P #5115 W25 2474 #)(BND)
[FIFER IR T — BB ACH N G HiRIA &R, BB GRE TR M - Ik sl OB, s3I T Rg
AL BE AR 1o FHOETT 0, FFRFTARUKAE N TR 34 260 N TGk R4 1A 50 R e 3 B gy
(EEEE NIV =98

R, A& KR TR IR H A (5195 B (WHS)E A TR T, HAT REF T R OG(AIE) MR i H:
WS ATAEDN(CPD)E N AR 1, PR b & PR /K Fhal ik 3 - 2 MAhH B A B R HL o K As 7K
P£[) WHS-CPD 244, % WH5-CPD & &t ik - S5K-PHrIksh B 43 df2, TR A A RE 4
(FIER A T AR BURL, I 35 (9O R SR, PIE R R At . 3 — Dl it 0 30 Gkl 5 bk
ZL(PHB), RN 7 WHS-CPD-PHB /KAH 7> 1 N TG AR IA R (K 1). KDY WHS-CPD 156K
Jeitk 5 PHB HISEAMNRIBOERE 2B S E I E S, FILYE WHS-CPD-PHB & & o o] USEIL s W s
AR, TR F R TR IR SRR
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Figure 1. A novel aqueous artificial light harvesting system based on carbazolyl derivatives
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22. WEPWER

22.1. ERLEY) CPD &/

CPD MRAEFA T 2 BT IE B TAESAT A [ 12]0 KB - HRMERTAED)(0.2 g, 0.33 mmol) A 50 mL 5[]
b, &, AEMALE=E, BRI, K445 CPD (0.21 g, 0.31 mmol, 95%). {#
FAFAC I, $0E ~: 8.29 (dd, J =22, 8 Hz, 4H), 8.08 (s, IH), 7.93~7.66 (m, 5H), 7.52~7.32
(m, 5H), 7.11~7.07 (m, 2H), 4.04 (t,J= 6.4 Hz, 2H), 3.30~3.26 (m, 2H), 3.05 (s, 9H), 1.76~1.65 (m, 4H),
1.43~1.42 (m, 2H), 1.31 (s, 10H).

22.2. EHRLEY WHS &

WHS AR FA 2 BT HE 1K TAEA B[ 13] 4 R BAE[5]7512(0.2 g, 0.17 mmol) I E 50 mL [ JEC e »
SRIG IO EZUK, FIEBEE 10 min, K475 WHS (0.19 g, 0.14 mmol, 79%). {# F /KM A, %
Y5 N: 6.72 (s, 10H), 4.28 (s, 20H), 3.84 (s, 10H).
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Figure 2. Tyndall effect: (a) WHS, (b) CPD and (c)
WHS5-CPD; Fluorescence photo of (d) WHS-CPD
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Figure 3. Diameter result of WHS-CPD nanoparticles
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Figure 4. Zeta result of WHS-CPD nanoparticles
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Figure 5. Fluorescence spectra of CPD and WHS-CPD
& 5. CPD 5 WH5-CPD HJTH 1K

BT O A B AL I B TR, FRATIE R AR 5 WHS-CPD 261758 e kbt ki
R B S () /K P 2 S k) 5 e Bk 41 PHB /R N RE RS2 (1] 6(2)) [15]- PHB 437 AT 8 2k 61 3T WHS-
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L P % SR R T S € T A8 R B (1] 7)o IR AR TR AL 5 2 A T e B 4 P R AR Ak R RHIE S T 22 Y
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3.3. WH5-CPD-PHB A L3tk idRE

N T VY WHS-CPD-PHB A\ T GH R R M MERE, (8 H 28 15 0 5K % WHS-CPD Al
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Figure 6. (a) Normalized absorption and emission spectra; (b) Fluorescence spectra of different molar ratios
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Figure 9. Antenna effect
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