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Abstract: This review focuses on donor-acceptor (D-A) chiral self-assembly strategies and systematically catego-
rizes two research paradigms: (i) single-molecule D-A systems, wherein donors and acceptors are covalently inte-
grated into a single molecular skeleton and their conformations are regulated through intramolecular folding ; and (ii)
multicomponent D-A co-assembly systems, which utilize non-covalent interactions to achieve ordered assembly of dis-
crete donor and acceptor molecules. On the basis of elucidating the differences in energy and electron transfer path-
ways between the two types of systems, we highlight the core mechanisms of circularly polarized fluorescence reso-
nance energy transfer (CP-FRET) and circularly polarized charge transfer (CP-CT). Furthermore, we review the in-
tegration of D-A co-assembly with stimulus-responsive and supramolecular polymerization strategies, and demon-
strate their cutting-edge applications in CP-OLEDs, dynamic anti-counterfeiting, and biosensing. Finally, we dis-
cuss the key challenges and future directions in this field, aiming to provide strategic guidance for the rational design

of high-performance chiral luminescent materials.
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Figure 1 Schematic illustration of donor — acceptor-type self-assembled circularly polarized luminescent materials: (a) sche-

matic diagram of chirality and circularly polarized luminescence, illustrating the generation of left- and right-handed
circularly polarized light; (b) schematic representation of chiral amplification, regulation, and functional empower-
ment via supramolecular self-assembly, highlighting signal enhancement from the molecular to the supramolecular
scale; (c) strategies and fundamental rules for donor — acceptor self-assembly, outlining the two pathways of single-
molecule and multicomponent systems; (d) schematic overview of the core mechanisms underlying donor - acceptor-
type self-assembled circularly polarized luminescent materials, summarizing the three mechanisms of CP-FRET, CP-

CT, and D = A luminophore environment-induced CPL
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Figure 2 (a) Schematic illustration of the circularly polarized Férster resonance energy transfer (CP-FRET) process; (b) sche-

matic diagram illustrating the principle of CT-CPL emission generated through co-assembled macrocycles™™
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Figure 3

Schematic illustration of the three core mechanisms of donor - acceptor self-assembled circularly polarized lumines-

cent materials: CP-FRET, which enables chirality transfer and wavelength conversion via Forster resonance energy

transfer; CP-CT, which directly generates CPL through spatial charge transfer via face-to-face D-A stacking; and co-

assembly of D-A luminophores with chiral motifs, in which chiral templates induce CPL from achiral or weakly chiral

D-A luminophores.
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ity for fine regulation of excited-state energy levels*'!
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Figure 5

(a) Schematic illustration of the successful construction of chiral luminescent materials through polar solvent-induced

self-assembly of achiral BNF and D-A-structured TCAF molecules™ ; (b) pH-responsive chiral daisy-chain D-A su-

pramolecular self-assembly system: a D-A skeleton constructed from pillararene donors and pyrene-based acceptors,

enabling reversible CPL switching via pH-regulated molecular sliding; (¢) temperature-tunable chiral ionic hydrogen-

bonded organic framework exhibiting CPL emission'™; (d) schematic representation of the propeller-like structure of

chiral trinuclear Cu(1) clusters (R/S-Cu3) featuring D-A charge-transfer transitions and UV-light-induced CPL"
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phorescent (CPP) optical waveguide materials based on room-temperature phosphorescent liquid crystalline poly-

mers 5 (¢) an example of constructing supramolecular polymers from small molecules : donor - acceptor-type spiro-

cyclic chiral fluorophores (SCFs) capable of mimicking «-helical supramolecular packing through modulation of hy-

drogen-bonding sites and fused-ring positions'®"’

lishing a quantitative correlation between supramolecular chiral structures and CPL signals
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Figure 8

(a) Construction of chiral [7]helicene-based COFs and their circularly polarized luminescence in PMMA films™"';

(b) realization of circularly polarized luminescence and dynamic monitoring of chiral self-assembly processes via vi-

bration-induced emission (VIE) molecules”; (¢) dynamic monitoring of chiral homopolypeptide assembly processes

with simultaneous regulation of CPL""!
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