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Figure 1 (Color online) Regulation of photophysical properties in molecular aggregated states. (a) Fluorescence spectra of pyrene in different

states!”

1. Copyright©2009, American Chemical Society; (b) crystal packing modes of the polymorphisms of anthracene derivatives ANP, and the

corresponding fluorescent images under UV light excitation”), Copyright©2006, John Wiley and Sons; (c) schematic diagram illustrating the tunable
luminescence properties and potential applications of organic luminescent materials in aggregated states
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Figure 2 (Color online) Schematic diagram of the photophysical processes of organic luminescent materials, and the intrinsic mechanisms for
optimizing luminescence properties through regulating aggregated state structures. (a) A simplified Jablonski diagram illustrating the photophysical
processes of organic luminescent materials, emphasizing the key factors required to achieve tunable luminescence properties; (b) schematic diagram

illustrating the mechanism and strategies for adjusting aggregated states
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Figure 3 (Color online) The strategies and examples for regulating aggregated state structures. (a) The molecular structure of TPA-0-3COOMe,
packing modes of the polymorphs and the corresponding room-temperature phosphorescence and menoluminescence images[”], Copyright©2019, John
Wiley and Sons; (b) molecular structures, n-n stacking modes and the corresponding phosphorescent lifetime of oxidized phenothiazine derivative CS-
XU Copyright©2018, Springer Nature; (c) molecular structures, single crystal structures, the corresponding fluorescence images, and emission
wavelengths and lifetimes of X1P and X2pH!, Copyright©2021, Chinese Chemical Society; (d) molecular structures, the photocyclization process and
multiple photoresponse characteristics of the triphenylethylene derivatives*?, Copyright©2022, Royal Society of Chemistry; (¢) the molecular structure
of Czs-ph-3F, the different molecular conformations under force stimulation, the corresponding phosphorescent images, and the schematic diagram of
stimulus-response RTP based on conformational changes*, Copyright©2021, John Wiley and Sons; (f) the molecular structure, phosphorescence
images, intermolecular interactions, and the temperature-dependent exciton transition processes of Cs-CsOH™**!, Copyright©2023, John Wiley and Sons;
(g) molecular structures, and images under daylight and UV light of TPAPy and TPAPyH, luminescence images of TPAPyH upon various solvents
fumigation, and packing modes of o and B crystals of TPAPyH), Copyright©2024, John Wiley and Sons
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Organic luminescent materials, characterized by tunable molecular structures, facile processability, and broad functional diversity, have
emerged as cornerstones in both fundamental photophysical research and practical applications, including optoelectronic devices,
bioimaging, sensing, and information encryption. Early studies focused primarily on optimizing the luminescence performance through
single-molecule design strategies, which emphasized modulation of intrinsic molecular properties through chemical modification. However,
as has become increasingly clear, the optical performance of organic luminescent materials cannot be fully understood or optimized in
isolation at the molecular level. Instead, they often exist in condensed or aggregated states in practical applications, where molecules interact
through noncovalent forces and adopt specific packing arrangements, playing a crucial role in photophysical properties such as the emission
color, efficiency, lifetime, and responsiveness to external stimuli. Regulation of the molecular aggregation state has therefore emerged as a
powerful paradigm in the design and development of high-performance organic luminescent materials.

Intermolecular interactions, including m—n stacking, hydrogen bonding, dipole—dipole coupling, and van der Waals interactions, along
with packing modes such as J-aggregation and H-aggregation, play critical roles in modulating excited-state dynamics. These interactions
significantly influence key photophysical processes such as exciton migration, intersystem crossing, and nonradiative decay. Regulation of
these aggregated-state effects not only addresses the inherent limitations of isolated molecules but also provides new opportunities for
creating materials with unique and stimuli-responsive luminescent behaviors that are not otherwise available through single-molecule design
alone. To deeply understand the behavior of molecules in aggregated states and further provide a theoretical foundation for the rational
design of such materials, the concept of Molecular Uniting Set Identified Characteristic (MUSIC) was proposed by our group in 2018, which
offers a systematic framework for correlating molecular structures with aggregated-state structures and photophysical properties.

In this paper, we present a comprehensive overview of the strategies and mechanisms for the regulation of the aggregation structure in
organic luminescent materials. By utilizing the concept of MUSIC, aggregated states can be precisely engineered through two
complementary approaches: (i) internal molecular design, in which structural features such as steric hindrance, electronic effects, and space
conjugation are rationally tuned to control the molecular packing and intermolecular interactions, and (ii) application of external stimuli,
including light, heat, mechanical forces, solvent polarity, and acid—base environments, which can dynamically modulate aggregation and
thus induce controllable changes in emission properties. This review systematically explores how these strategies have been applied across
various classes of organic luminescent materials. In photoluminescent systems, control of aggregation enables phenomena such as
aggregation-induced emission and room-temperature phosphorescence with finely tunable colors and lifetimes. In mechanoluminescent
materials, reversible aggregation-state transitions induced by mechanical forces facilitate stress sensing and rewritable optical recording. For
electroluminescent applications, precise regulation of the molecular packing is critical for enhancing charge transport and increasing the
exciton recombination efficiency in organic light-emitting diodes. Furthermore, in thermoluminescent and other multistimuli-responsive
systems, the ability to manipulate aggregation provides pathways toward dynamic luminescence responses that are particularly valuable for
sensing and information security. By systematically elucidating the relationships among the molecular design, aggregation structure
regulation, and photophysical properties, this paper establishes a theoretical foundation for targeted optimization of organic luminescent
materials. We also highlight emerging opportunities and challenges in this rapidly evolving field, including the development of advanced in
situ techniques to track the molecular orientation, packing, and exciton diffusion in real time; the integration of multiscale simulations with
machine learning to accelerate material discovery; and the expansion of applications to high-impact areas. Overall, this review underscores
the pivotal role of aggregated-state regulation in advancing the performance and versatility of organic luminescent materials, paving the way
for next-generation functional materials with programmable luminescence properties.

organic luminescent materials, aggregated states, regulation strategies, molecular design, stimuli-responsive,
properties optimization
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