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Recent Advances in AIE-active Dendrimers

LI Weijian, XU Xiaoqin, WANG Wei, YANG Haibo
(School of Chemistry and Molecular Engineering , East China Normal University , Shanghai 200062, China)

Abstract Conventional organic luminescent materials often suffer from fluorescence quenching due to -7 stacking
in the aggregated state, severely limiting their performance in solid-state applications. The discovery of aggregation-
induced emission (AIE) has provided a revolutionary approach to addressing this challenge. However, small-molecule
AIE materials still face issues such as single functionality and limited structural tunability. To overcome these
limitations, integrating AIE units with dendrimers featuring precise three-dimensional topologies, thus developing
AlE-active dendrimers, has emerged as an important strategy for achieving efficient solid-state luminescence, multi-
functional integration, and stimuli-responsive behavior. This review systematically summarizes recent progress in this
field, with a focus on two representative systems: tetraphenylethene (TPE) and 9, 10-distyrylanthracene (DSA). By
examining their controllable synthesis strategies, multi-scale structural characterization methods, and structure-activity
relationships, we elucidate how the precise dendritic framework can significantly enhance fluorescence quantum
yield, tune emission color, and endow materials with excellent AIE performance by restricting intramolecular motion.
Special emphasis is placed on the dynamic responsive properties enabled by the incorporation of rotaxane units, as
well as their innovative applications in artificial light-harvesting systems, circularly polarized luminescence, and

intelligent information encryption. Through precise structural design, AlE-active dendrimers not only effectively
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mitigate aggregation-caused quenching but also enable rational modulation of luminescent properties and synergistic
integration of multiple functions. Finally, current challenges in precision synthesis, mechanistic understanding of
dynamic behaviors, and translation into biomedical applications are outlined, and future development trends are
discussed. This review aims to provide a valuable reference for the design and development of next-generation high-
performance and intelligent luminescent materials.

Keywords Dendrimer; Rotaxane dendrimer; Aggregation-induced emission; Light-harvesting system; Circularly

polarized luminescence
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Fig. 2 Schematic illustration for the formation of the AIE-active dendrimer D1 via self-assembly of the
G4-PAMAM dendrimer and TPE-COOH AlIEgen(A), absorption(B) and fluorescence(C) spectra
of D1 in methanol dispersion during addition of CF,COOH™
Inset in (C): plot of the fluorescence intensity at 464 nm versus [ CF,COOH J/[NH, .
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Fig. 3 Chemical structures of AIE-active dendrimers D2 and D3(A), fluorescence spectra of D2 in
THF-water mixtures(B) and fluorescence spectra of D2 in THF-water mixtures with 90%
water content containing different amounts of PA(C) and Ru* ions(D)**”

Inset of (B): photographs of D2 in THF and THF-water(volume ratio, 1:9) mixture taken under illumination
of a handheld UV lamp.
Copyright 2015, the Royal Society of Chemistry.
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Fig.4 Synthetic routes of AIE-active dendrimers D4 and D5(A), fluorescence spectra of DS in THF/water

mixtures with different concentrations of Ru**(B), D5 in response to different times in the presence of
Ru**(C) and D5 in THF/water mixtures in response to different gases(D)"*"
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Fig. 5 Chemical structures of AIE-active dendrimers D6 and D7(A), fluorescence spectra of D6 in THF/H,O
mixtures(B), fluorescence spectra of D6(C), and TPE: DPP emissions intensities tuned by photochemical
reaction time for 0, 0. 5, 1. 0, 1. 5, 2. 0, 2. 5 h in THF/H,O(volume ratio 3:7)(D)""
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[42]

Fig. 6 Fabrication and biological applications of AIE-active dendrimers
(A) Synthesis and self-assembly of AlE-active dendrimers D8; (B) UV-Vis spectrum of D8; (C) fluorescence excitation (EX) and
emission(EM) spectra of D8; (D) EM spectra of DS after irradiated by UV lamp for 1 h; (E—G) CLSM images of D8 nanoparticles
using a 405 nm laser: (E) fluorescent image, (F) bright fields, (G) merged image. Inset of (B) : photographs of D8 in water
under natural light(left) and UV light at 365 nm(right).
Copyright 2017, Elsevier.
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Fig.7 Synthesis of the AIE-active rotaxane dendrimers D9—D11 through the controllable divergent approach
from [2]rotaxane R-TPE(left) and fluorescence spectra of in DCM/MeOH with various MeOH fractions
(right) (A) and the construction of artificial light harvesting systems based on AIE - active rotaxane
dendrimers D11 and ESY as efficient photocatalysts(B)"*
Reaction conditions (1): (a) Bu,NF-3H,0, THF, r.t. , 2 h; (b) R-TPE, Cul, DCM/Et,NH, 1. t. , overnight, 70%.
Reaction conditions (1I): (a) Bu,NF-3H,0, THF, r.t. , 2 h; (b) R-TPE, Cul, DCM/Et,NH, r. t. , overnight, 38%.
Copyright 2021, Wiley-VCH.
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Fig. 8 Cartoon representation of AIE-active rotaxane dendrimers D12 and D13 for efficient light harvesting(A),
fluorescence spectra of D12(B) and D13(D) in THF/H,O with various H,O fractions, plot of the relative
emission intensity(I/1,) of D12(C) and D13(E) versus the composition of the THF/water mixture, and time-
resolved fluorescence decay curves of D12(F) and D13(G) and [2]rotaxane monomers(375 nm excitation
and 420, 480 nm detection, respectively)™"

Reaction conditions (1) : (a) R-AN, PY, Cul, DCM/EtL,NH, r. t., overnight, 81%; (b) Bu,NF-3H,0, THF, r. ., 2 h,
87%; (c) R-TPE, Cul, DCM/Et,NH, r. t. , overnight, 70%. Reaction conditions (II): (a) Bu,NF-3H,0, THF, r.t., 2 h,
70%; (b) R-TPE, Cul, DCM/Et,NH, r.t. , overnight, 71%.

Copyright 2022, Elsevier.
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Fig. 9 Synthesis of the AIE-active rotaxane dendrimers D14—D16 through the controllable divergent
approach from [2]rotaxane R-2TPE(left) and fluorescence spectra in DCM/ACN with various
ACN fractions(right) (A) and the construction of artificial light harvesting systems based on
AIE-active rotaxane dendrimers and ESY (B)*"
Reaction conditions (I): (a) Bu,NF-3H,0, THF, 1. t., 2 h; (b) R-2TPE, Cul, DCM/Et,NH, r. t., overnight,
72%. Reaction conditions (II) : (a) Bu,NF-3H,0, THF, r. t., 2 h; (b) R-2TPE, Cul, DCM/EL,NH, r. t.,
overnight, 78%.
Copyright 2025, the Royal Society of Chemistry.
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Fig. 10 Synthesis of the AIE - active rotaxane dendrimers D17—D19 through the controllable divergent
approach(A), fluorescence spectra(B, D, F) and fluorescence quantum yields(C, E, G) of D17(B, C),
D18(D, E), and D19(G, F) in DCM/n-hexane with different n-hexane fractions™
The insets present photographs of the corresponding solutions (from left to right: 0, 90%, and 95% n-hexane) irradiated
by a UV lamp. Reaction conditions (1): (a) Bu,NF-3H,0, THF, r.t., 2 h; (b) R1, Cul, EL,NH, r. t., 8 h, 54%.
Reaction conditions (11): (a) Bu,NF-3H,0, THF, r.t. , 2 h; (b) R1, Cul, Et,NH, r.t. , 8 h, 37%.
Copyright 2019, the Royal Society of Chemistry.
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W54 % 536 nm, 11 D197ETE C BE & 2 M 0B N3] 90% i 9 G K M 634 nm W% % 595 nm, 4 1F by
I E 95% i}, BN IE— 2 W R 5 548 nm. X FHIERSPLSR AT fE S5 R ICEELIR > THERES T
TE R 5% | A7) 7 HERRZE R, DS T IR AT A G . A FCEE N, ALE &0 @& H & . A2 1E O b
LR 95% B, D17~D19 [ 26Tt 7= K43 IR TF 2 1. 4%, 16.2% A1 17. 9%, S 1E4L — 5 H e A
Fb, SESRAEET BN 3. 9% . 6. SA5F1 6. 9f5 [ 10(B)~(G) |. X MRS 2e b o 258 boe BCAT oK
{1472 ) 57 BELSSOR 38658 1 DSA R0 B4 T I HERS 2 BREZE , MR TE T ATE &0 . shaSGHUR Fis S H
T B TP RS T R ATE 8 I RST B 1 Ot & FE 3G i K a 3, 5 ATETThAHY)
B RS AR E A B 2R B o0, o R A BB A Al PRGN, , R PR s A 0
ATE PRI R IEAT A ST B X TAEE S A T T S T s G, SEBL T 25 ) ATE PR BE Y
Al MREIRYE , NI R R BE RO Eh R B aR R G AR L TR RS, IR — 2 T U A4
FIAETRERR 20T AR A I AR (L S5 7 )

AR, Yang SRR GEM BRI 0 TR 58 Rk — 2B 5 I AT F Ak, SC30 T MM B ATE 1 AE
VS RDCYIERA TN S TR RE U R 48 A S B R % AR FHAR R B mT 45 R ik, TR (2 158k
WP &, AR T B E =AU AIE TR ECR 1, SCBL T 238 21 T be oo fn 424
DSA &G HTCAERTACIR B 2L RS B HE AT, SR O B o R AL T IR I B S LR 11(A) 1.
A 132 PR RS EAR IS « 35 4ty B e PR A T ) B A i35 0 1 S B R RAE T Tt b
PIRCIR AT T2 254 | 2l B 5 B il . R R A R S v AR ot R AR DA P A7 A A G iR
TEHE S I RUEAERLRS , IESE T ZERACIR 3G K B P e 2 O B T WL B s 4 . R bem Btk
Kr T D20~D22 4 30 H BRI i ATE A7y, ANAE THF W98 G058 , 176 THF/H,O0 IR SR RS
T, A EERWRE 11(B)~(D) | (EfFEME, H—RESE QAR BRI F 12O T
PRI H159. 2%, 60. 9% F150. 5%, TiFe B AR I 2t 8T R0R HA 20. 7%, BEABECR > F 5 4210
Kt HES B E T T ROBACE, X B TR 7B L DSA BRITIE 2l (1 B A 2 il T ARSR SR
i SR, D22 DR TRCRISA PR, KA s ARBRCIR /370, vTRE i T N SR RE R FE RS AR 1
Z, MR HE T RBANE] . D20~D22 15t K KIS 550 nm, FB DSA BRITI R ARG RITE R
RIS P R FRRROE . A TR E AR IR B ARE R 45K TPEC S RERLZ /A TTMN, SZEL T M TPEC £ AIE F
PEESBER IR 57 P2 TTMN (1 25 = 8500 LR B 5 B8 (FRET) , MITTAGAR T DL AIE FHEAR Bam AL
KA FNRER PG TICHIIR RS . TR, SRS F RS H PN 0 A b BT Y
SRR X PE R B D 2 VEVE T, 8 he Hh IRIEAL 5 5 TPEC R R Eh it S AR FI il s S A 37 ke BRI
SEizdh, PSS ARIE R, TR E 4R T FRET 0%, {78 D22-TTMN 1k & tf | G S5 a %
IR 71, 9%. RS> F N FRIE BT 32 PP SR 55 R H e 1) ~F- T T A R A% 326 28 S 35 AH 4B 1) DSA
¥t il it FRET i FEAL 36 45 fe X 2 AR TTMN, WA T fi e M SR (0 P 4 N TGS R R G5t T
M= % 6 (CPL) BB K, HAKTFR N Ff 514 0. 038, 5 BA—REIR 43 F 40 FLOK 17 38 — A H0s:
RLE11(E) | BEF IR0 55 CPLIE S, K& RSN F 2 a5 R S sl i th — 4k
MR, R T LA BAAE S I U B WS 1 . 12 TAERE T XA — ATE MR AE K, 5 A
TR AT TR AR RO T S T IR AR B, A OGRME T —Fh & g i 2 2% A e
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Fig. 11 Synthesis of the AIE -active rotaxane dendrimers D20—D22 through the controllable divergent approach(A),
fluorescence spectra of D20(B), D21(C), and D22(D) in THF/H,O mixture with various H,O fractions, and

boosting the CPL performances of chiral artificial light harvesting systems based on chiral AIE - active

2h; (b) R-DSA, Cul, DCM/Et,NH, r.t. , overnight, 80%.
, 2h; (b) R-DSA, Cul, DCM/ Et,NH, . t. , overnight, 82%.
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AW NYEFE A R RTE AR LS , REEE S AOUMAR T E U — T4 G % | ThREZ A
ER RV 1 895 SR s ). ASCRGEREE T IEH4FK TPE 5 DSA PRI R A AIE BEECIR 73-7-+h
M FEE IR, A G Tk | HLBRT B S -5 1 G By T B W 28 A QAR 1878 T 25 Mg i k- 2R
LAV DY PRIERE- DI R4 ) Z AT %) HZ2 2RO R . EAREE R, HE ATE BT (oS8
FLWERG | EE IR O AE ) SR BCIR > T A A RS AL TR B, kSR 2 R T D RE AL SR 114 ik
Z AR R AR SR O RER TE RIS Z PR . DHFE R, Joit il Wk POSS A% 52 BL 2%
Sl TR AT RIS et BRI T i B A RO | IR T PR e AR 7 1S B IR i i A
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