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Abstract

Pillararenes are a class of macrocyclic host molecules featuring rigid pillar-shaped structures,
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electron-rich cavities, and readily functionalized rims. Owing to these structural characteristics, pil-
lararenes have attracted considerable attention in molecular recognition, supramolecular assembly,
and fluorescence regulation. This review summarizes recent advances in pillararene-based fluores-
cent systems, focusing on major construction strategies, including covalent modification with fluoro-
phores, host-guest assembly, aggregation-induced emission, artificial light harvesting, and solid-state
materials. The effects of spatial preorganization, host-guest recognition, and local microenvironment
regulation on the fluorescence properties of these systems are discussed, together with the major flu-
orescence response mechanisms, including photoinduced electron transfer (PET), fluorescence reso-
nance energy transfer (FRET), aggregation-induced emission (AIE), and aggregation-caused quench-
ing (ACQ). Their applications in ion and small-molecule sensing, sensor arrays, bioimaging, drug de-
livery, luminescent materials, and photocatalysis are also summarized. Finally, the current develop-
ment of pillararene-based fluorescent systems is summarized, and their prospects in sensing, biomed-
ical applications, and photofunctional materials are discussed.
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Figure 1. (a) Multidentate cooperative fluorescent sensor based on a non-symmetric pillar[5]arene scaffold [11]. (b) Pyrene-
tiaraed pillar[5]arene supramolecular luminescent system driven by macrocyclic pre-organized spatial arrangement [12]
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Figure 2. The system composed of per-carboxylato-pillar[6]arene (WP6) and safranine T (ST) [15]
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Figure 3. (a) The m-TPE Di-EtP5 supramolecular system. (b) Proposed mechanism for the 2-bromo-1-phenyleth-

anone dehalogenation reaction mediated by m-TPE Di-EtP5 > G3-EsY as a photocatalyst [16]
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Figure 4. (a) Assembly-induced emission for the simultaneous detection and removal of Hg?* [17]. (b) Sequential response to
Fe**/F~ and logic gate outputs [18]. (c¢) pillar[5]arene-based supramolecular polymers without additional conventional chro-
mophores [19]
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Figure 5. An artificial light-harvesting system in aqueous media was fabricated by co-assembling a water-soluble pillar[6]arene,
a salicylaldehyde azine derivative with AIE characteristics, and Nile Red or Eosin Y [20]
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Figure 6. (a) Fluorescent sensor based on pillar[5]arene-functionalized paper-based materials [21]. (b) Transparent films
formed by difunctionalized DBP[5] encapsulate n-hexane via host-guest interactions [22]. (c) Self-supporting, uniform, and
thickness-tunable pillar[5]arene nanofilms [23]. (d) Pillararene-MOF composite porous materials [24]
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Figure 7. (a) Water-soluble fluorescent pillar[5]arene self-assembly system for Hg?* detection [25]. (b) 1:1 inclusion complex
formed between water-soluble pyridyl-functionalized pillar[5]arene(PyP5)and 2-naphthol [26]. (c) Supramolecular fluorescent
assembly system based on “leggero pillar[5]arene” [27]. (d) Fluorescent pillar[5]arene receptor (SPA) with multiple binding
sites [28]
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Figure 8. Bifunctional fluorescent pillar[5]arene (CN-DFP5) [29]
& 8. WINEERIAE[5]F5 1 CN-DFP5 [29]
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Figure 9. Pillar[5]arene-based dual-stimuli-responsive supramolecular nanoplatform for integrated imaging-guided tracking
and targeted chemotherapy [32]
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Figure 10. (a) Cationic pillar[5]arene-mediated three-step cascade artificial light-harvesting system and its photocatalytic ox-
idation process [33]. (b) Pillar[5]arene self-assembled chiral nanorings with Mdbius-like structures and their induction of cir-
cularly polarized luminescence in achiral luminophores [34]. (¢) Photoinduced radical luminescence and enhanced circularly
polarized luminescence based on the planar chirality of pillar[5]arene [35]. (d) Structural design of pillar[5]arene-cored TADF
luminophores, OLED device fabrlcatlon and their orange-red electroluminescence performance [36]
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