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Abstract

Aggregation-induced emission (AIE) represents a robust strategy to address the long-standing “ag-
gregation-caused quenching” (ACQ) dilemma of conventional luminescent materials, thereby laying
a solid foundation for the advancement of high-performance emissive materials. Pillararenes, fea-
turing symmetric rigid pillar-shaped architectures, electron-rich cavities, facile functionalization,
and superior host-guest recognition capabilities, have emerged as an ideal scaffold for fabricating
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supramolecular assemblies with tailorable photophysical properties. This review comprehensively
summarizes the recent progress in the construction of AIE-active supramolecular systems via pil-
lararene-based assembly, with a particular focus on two archetypal AIE-active moieties, namely
tetraphenylethylene (TPE) and triphenylamine (TPA). From the viewpoint of molecular design, the
review elaborates on two core approaches: the synthetic strategies for pillararene-based host com-
pounds integrated with TPE/TPA units, and the fabrication methodologies for host-guest composite
systems using TPE/TPA as guest molecules. Ultimately, this work aims to establish the intrinsic cor-
relation between structural design principles and luminescent behaviors, while also providing in-
sights into the future development of pillararene-based AIE supramolecular materials.
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TR R AR L] n-n MERR[2) B7KA[3] e = R AR L A [4]-[6] 55 AL A EARE A, o
EINREM B EE 6 . ERZ KIE 70 7rb, 'BE[7]. FORIRS[8]-[10] #RIFRE[11]. 1) BR[12] L A
FEJ5 JE[13]-[15] 55 R LA () 2 s 548 . mT TN 45 G AT A T & IS5 M 2 RE T 52 3102 %0 . Hery,
FENIS R (CUFR “HETF IS ) — AR BRI R IA 44, 5 5 tH Ogoshi 55 AT~ 2008 4F RGEHT Fi i . iX
FRRIM Pl ook 5 2 R4 S 4%, BAXRRINIMERR T & BRI 2 TT)
RE SIS . FOMRR I E R ARR AT Iy, AR DT IR 5 1 FONI[16] . AR IK[17] S 2 ihik[18] 55 2 A
A 50 AT L HE ) ) £ 8 FH T 5

TE 7 TR, TPRAEFRSEERES HA S PO T/ RO R 2 — N EEIT R [19]-[21]. 4
M, WEAEGRCHERERE T RERZIN n-n AR SRR 5 2 0g 2, B9 600 B I 3 AR
LG, RIREFERAK(ACQ) [22]0 1K — RN ™ H R ] 1 AR 52 5 B A 3 71123]

JE ARG R R A R AR T R (ALE) [2418% & 9 A DA% G0 Y RHE REDIRE T 96 K
(ACQ) 1] BBt T 45 X 4% . 5 ACQ 4 AN, AIE 4> FAEMVETUH LR R, Al R 4L
A 2 2 2 Y R [25] o IX — MR I B R T IRAEXT 4y T IZ B (RIM) [26] 1R BRI, AT 1 4 5
TR, i TR IKIT I FE[27]-[30]. S5 AIE KGR (AIEgen) iU 2% (TPE) /N FERE e Al
=R (TPAVNTAEN), S5 8 it R PR Jie i 52 [ 56 7% 8] RS SE IR SR AR 38 R I s 0K J6[31] . SR, ALE PEBE
I RIFMH T X AT R ARG 40 4% . o7 BB AL ER 4R ml e S BUR S K im B B =06 K, 52
Wil 4 8k O PR 50 P 5 B A, DT 1) 24 E i s P 28 B AR ) AR S5 U ) S [32] BRI, SEEIRGE
RETI. MR R THA RIS, Ridt—D3R7t AIE MOEMERE T 40 & LR FH A 50 G E A
1Eo

I R L T R IE T(AIEgens) 5| N/ TR &R, WRAE RS R = - ZAARM EAER . M5 PR
DL 75 (A TRZH 23 46 SRS [33] [34], IR 45 MM H HA AIE FEMEMThRR AR . 1X—SRIE AT R
Wi 32 Y 5 1 3 N RO RHRAL T B R R [35]-[37]. — 5T, KEIFRET LS BAEE S RS RO IAIE N
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BRI AT RO, IXEEZ 3 T NI, 23T RIM iS00 R S 58(38] [39]. B— 51, %
L5 3 R AT R OL IR (AIEgens) FTE N BRI A 05 A B 7 B 2%, DT S BT SR SRR AS IR0 K B i 45 0
WIHRIAT N A5 Rl AR G BN, Rt 5] S AlEgens TERURSE T3 & 4 HEAT B
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B R RN, A B TR R RE 3 — M S AR 1
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Figure 1. Synthesis of EtP5A-DPE and Molecular structure of EtP5A-DPE (a) together with the images of the EtP5A-DPE
crystal (b) under bright field and UV-light irradiation at the wavelength of 330~380 nm (c), respectively (scale bar: 500 um),
and the two conformational enantiomers of pR,P-EtP5A-DPE and pS,M-EtP5SA-DPE (d)

1. EtP5A-DPE BY& BN EtPSA-DPE B4 F45#4(a), LA EtPSA-DPE &4 BI7EBR1%A(b) FIoK K 79 330~380 nm B
KIMKRE T (C)MERELHIR: 500 um), HIMEEE pR,P-EtPSA-DPE 5 pS,M-EtP5A-DPE At 5 Xt AR H 444 (d)

2018 4F, MBI SR VLR IE 3 L P T eAZ 1 A [5]07 AT A EtPSA-DPE (9 1), AFE RS AIE
A3 F HR) G ¥ P R R PSR 8 20 [42] . iZAL A il it 4 2 FEHURAE[S] 5 18— AN T e A7 B A T4k,
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P IR R SRR N R S K R S i, B ALE 41 DUSK 20 (TPE) AL D7 e 42
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Figure 2. Schematic illustration of the formation of supramolecular nanoparticles and their stimuli-responsive drug release

2. 5 TFENARFRLRORE AR ELRBE N 25 R T R R =

KA 2022 B A RIS REFE[S] Y & TPCN-P5-TPA, NHEF &% AIE 4> T etk
JR T REHT AR [44] o AL E WD LARE[S] D5 K v IR R s, 2 fi T 45 1R = 2K i (TPA) 5 32 4k = 2K JE T I i
(TPCN, H AIE Ritk), Tkttt - IR AL - S2k45m), il 3 fis.

FE[B] 5 I e K5kl 7 T 2 MM G, sSEMHA S 2705, BS0 TN S BmER
(TSCT), [FIFFEREE AIE Fithk. 78 THF-ZKAR R, BE/KE =M, TPCN-P5-TPA [K7r¥ Wiz 352 [R(RIM)
fih % TSCT K Ht, SINWEGRIE A 586 TSCT WS . 85 32 va 755 R 8o A It 24k & i,
AR XOR S L, SEILEA T R A, AT IRTE AIE R R R 2 THRE A RN SR

TRAZERRAHAENAE 2024 FFF R T — Pl — 8 A 5 AT A 0 (= 2R L [3] 0% & (TPA-H2)) i i 4k,
Jiik[45], s 4, R BFs-ELO 1L TPA Ihfefh Bk 5 2 R H B G RN o IR AL AT IR 5] A
R =R IR N BN AT RE,  JRERE T EE— B DhReE M, AMElE 7 — N2 IR R 6. X IRTE
IR KR BA EA ) = FERAR M, e li&emay BNES TERmeE - AIET. ek
25 B =R B2 0T T ORI 235 RO BRI 5T (] 4), Re il 2 HAT e & 7 77 R I FAB0E S8 IR 5
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Figure 3. Chemical structures and synthetic routes of (a) TPCN-P5-TPA and (b) TPCN-ph-TPA. Conditions: i) Pd(PPhs)a,
K2COs, toluene/EtOH/H20 (3:1:1, v/viv), 12 h, 85°C; ii) Pd(PPhs)s, K2COs, THF/H20 (4:1, v/v), 48 h, 90°C. (c) Single-crystal
structures of TPCN-P5-TPA and TPCN-ph-TPA. Hydrogen atoms and solvent molecules are omitted for clarity. The dihedral
angles of the triphenyl moieties are shown here. (d) Schematic diagrams of conformations and charge transfer mechanisms for
the traditional donor-acceptor (D-A) structure and pillar[5]arene-bridged D-A structure. Different photoluminescent properties
and responsiveness are also proposed. AIE: Aggregation-Induced Emission; TBCT: Through-Bond Charge Transfer; TSCT:
Through-Space Charge Transfer; P5: Pillar[5]arene; LE: Local Excited; RIM: Restriction of Intramolecular Motion
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Figure 4. Structural formulas and cartoon representations of triphenylamine[3]arenes (TPA[3]) and their UV/Vis absorption
and luminescent properties: (a) UV/Vis absorption spectra of different TPA[3] (0.01 mM in toluene); (b) their corresponding
delayed fluorescence spectra; (c) time-resolved transient photoluminescence decay curves. lodine Adsorption and Retention:
(d) static iodine adsorption of different TPA[3] at 1 bar and 343 K; (e) their corresponding iodine retention tests after exposure
to air at 298 K and 1 bar; (f) EDS mapping of iodine in M-TPA[3]-CN@]: at 1 bar (red indicates the uniform adsorption of
iodine on M-TPA[3]-CN)

B 4. =FRR[BIFR(TPAR) KL MR FRiBZ T TPA[IRISESN AT MIRIAIL 451 : () R[E TPA[IHIESNAT
RA(FREHH 0.01mM), (b) ENENAERRILE, KUK(C) FEDPBSAH L TR . BIRHFRE:
(d) N[E) TPA[3]JFE 1 bar F1 343 K THIERZSHANRH, (e) 7E 298 K # 1bar WS FHRTEFENHEMAIBRENLK, (f)
BAZE 1 bar B9 EDS BRET M-TPA[3]-CN@!2, £It8RRHMAE M-TPA[3]-CN LRI 5] URFH

ZAE S DAL IE B AZ G, o TPE. TPA %5 AIE TEPE R T E IR AL SR KINE 4L, TR &1 2
Fo AR TR HERE G RS PE, ATIE B A D R B AIE BTtk it RiEMEm . AROBTEIEK
FEAE T RN PE LS F IR 1] AIE B05r T I B)(RIM), T80 E5E ST 320, 0707 RIE Re il i 05 i 2R
AR B - A2 R L0 B (G TSCT) T & S, HE Bl 7 A6 &5 HOs 1R %6 (TADF)
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H LT 2R (0 D RO AR Jeidt ROEATRL (N i TR 2 TADF ARL KR T8 R 4 TR0 5
& JRATU .

3.AIE ENEURSHEREREZHES
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Bl DN A AW A AT R S 7 245 40 3k 5 T P P 2 S o
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Figure 5. Schematic illustration of the cascade SAIEE supramolecular assembly system in water based on discrete macrocyclic
polymer hosts and AIE molecules, as well as its applications in artificial light-harvesting systems and bioimaging fields
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Table 1. Comparison of the two modes in terms of core structural design, luminescence regulation mechanism, performance

advantages, and application-focused fields
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