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Luminescent materials play a crucial role in applications such as lighting, displays, sensing, and bio-imaging.
However, their performance is often hindered by aggregation-caused quenching (ACQ). The discovery of
aggregation-induced emission (AIE) in 2001 provided a breakthrough, utilizing AIE luminogens (AlEgens)
that exhibit strong emission in the aggregated state due to restricted intramolecular motion (RIM).
Unfortunately, for porous materials such as metal-organic frameworks (MOFs) and covalent organic
frameworks (COFs), which are commonly used in gas storage, separation, and catalysis, their luminescence
is often suppressed by strong m—r interactions, resulting in ACQ. Integrating AlEgens into MOFs and COFs
overcomes this limitation, creating luminescent porous polymers with enhanced optical and electronic
properties through linker or metal center modifications. Furthermore, hybridizing MOFs and COFs unlocks
additional structural and luminescence improvements, broadening their potential in advanced technologies.
This review explores the versatile applications of AIE-MOF/COF materials, particularly in optoelectronic
devices, sensing, biomedicine, and photocatalysis. We highlight recent advancements in their luminescence
properties, structural functionalization, and future research directions, offering insights into their design and
multifunctional applications. Finally, we discuss challenges related to their luminescence and propose
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1. Introduction

Luminescent materials can emit photons through the process
of excitation-deexcitation. They are known for their high
efficiency, stability, and controllability, with applications in
lighting, displays, sensing, and bio-imaging."™ These
materials hold great potential in new display technologies,
high-efficiency lighting, biomedicine, and environmental
protection, making them essential to modern society.
Luminescent materials exist primarily in liquid and solid
states, with a few in the gaseous form. Traditional
luminescent molecules exhibit strong emission in isolation,
but their aggregation often triggers aggregation-caused
quenching (ACQ).>”” ACQ arises from the close stacking of
large planar mn-complexes, which diminishes luminescence
efficiency and restricts practical applications. In contrast, the
aggregation-induced emission (AIE) phenomenon, first
introduced by Ben Zhong Tang et al. in 2001, overcomes this
limitation by enhancing luminescence upon aggregation.®
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strategies to enhance their performance for broader practical implementation.

AIE luminogens (AIEgens) exhibit weak or no emission in
dilute solutions but emit strongly in the aggregated state.
The most widely accepted mechanism for this phenomenon
is restricted intramolecular motion (RIM).»*'® Over the years,
various AlEgens have been developed, offering high quantum
yields, strong stability, resistance to interference, and a broad
range of adjustable wavelengths. These features make them
highly valuable for applications in light-emitting devices,
sensing, and bio-imaging.""*

Porous materials—such as metal-organic frameworks
(MOFs), covalent organic frameworks (COFs), hydrogen-
bonded organic frameworks (HOFs), and amorphous porous
organic polymers (POPs)—are widely studied due to their
potential in scientific research and engineering.’*"” Among
them, MOFs and COFs are particularly notable due to their
high surface areas and tunable pore structures, making them
ideal for applications in gas storage, separation, and
catalysis. MOFs offer precise control over pore size, chemical
properties, and structural morphology through the selection
of different metal centers and organic ligands. In contrast,
COFs form stable, well-defined pore networks via covalent
bonding of organic units, providing excellent thermal
stability and chemical resistance. Tailoring the structures of
MOFs and COFs by designing specific metal ions, ligands, or
organic components further enhances their functional
versatility, enabling applications in catalysis, drug delivery,
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and environmental treatment."®° However, strong n-7
interactions in porous frameworks often lead to ACQ,
limiting their luminescence efficiency. To overcome this
challenge, integrating AlEgens into porous skeletons has
emerged as a powerful strategy for developing novel
luminescent porous polymers, effectively overcoming the
limitations of conventional luminescent materials.

In recent years, the construction of MOFs and COFs using
AlEgens has garnered significant attention.>® This
integration offers several unique advantages, such as tunable
optical and electronic properties, controlled fluorescence
emission, and structural versatility and functionalization.
While most research on AIE-MOF/COF materials has focused
on sensing and detection, their potential extends far beyond
these fields.””* In the field of sensing, Wei et al. reviewed
the significant potential of AIE-MOFs as various sensors.”
Cheng et al focused on food safety and systematically
summarized the application of luminescent porous materials
based on AIE in detecting harmful pollutants,* while Zhu
et al. elaborated on the strategies for AIE-MOF construction
and performance control, with structural design as the
core.”® Dalapati et al. described the design, synthesis, and
functionalization of AIE porous polymers based on organic
ligands.*® However, the exploration of AIE-MOF/COF
materials in this emerging field is still limited, and further
research is urgently needed. This review explores the diverse
applications of AIE-MOF/COF materials, particularly in
optoelectronic  devices, sensing, biomedicine, and
photocatalysis, as shown in Fig. 1, with a focus on recent
advancements in luminescence properties and
multifunctional applications. We will examine the structural
functionalization of AIE-MOF/COF materials to guide the
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design  of next-generation multifunctional  systems.
Additionally, we will discuss existing challenges related to
their luminescence properties and applications, offering
insights into future research directions in chemistry, physics,
and materials science.

2. Basic properties of AIE-MOF/COF
porous materials
2.1 AIE effect and its mechanisms

When discussing the AIE effect, it is essential to first address
the phenomenon of ACQ. Since Forster's discovery of the
concentration burst effect in 1954, ACQ has been extensively
studied, and its photophysical processes and mechanisms
are well understood.” ACQ occurs when aromatic rings of
adjacent luminescent groups, particularly those with disc- or
rod-like shapes, undergo strong intermolecular n-n stacking
interactions.™” Such aggregation leads to non-radiative decay
pathways, resulting in fluorescence quenching. ACQ is a
common but detrimental effect in luminescent materials.

In contrast, the AIE phenomenon represents an alternative
photophysical process in which chromophores exhibit
enhanced fluorescence upon aggregation. For example,
hexaphenylsilane (HPS) remains non-emissive in its isolated
molecular state but displays strong luminescence when
aggregated.®®” The most widely accepted mechanism
underlying AIE is the RIM model, which consists of restricted
intramolecular rotation (RIR) and restricted intramolecular
vibration (RIV), as shown in Fig. 2(A). The fluorescence of
tetraphenylethylene (TPE), a classic AIEgen, is induced or
restored through the suppression of molecular rotation and
the disruption of intermolecular n-n stacking interactions.
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Fig. 1 The applications of AIE-MOF/COF materials.
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Fig. 2 (A) Main mechanism of the AIE phenomenon. Reproduced with permission from ref. 9. Copyright 2014 Wiley-VCH. (B) Turning on
fluorescence in the TPE rotor by aggregation and coordination in a rigid MOF matrix (MCIE). Reproduced with permission from ref. 42. Copyright
2011 American Chemical Society. (C) Synthesis of the TPE-Ph COF from TPEBA and THB. Reproduced with permission from ref. 62. Copyright

2016 American Chemical Society.

Similarly, the AIE behaviour of helical molecules such as HPS
can be attributed to the RIR process. However, for
luminophores with highly flexible molecular segments, the
AIE effect can also be explained by RIV. For instance, in
THBA (Fig. 2(A)), the AIE effect arises in part from the
limitation of vibrational motion in flexible molecular
segments, thereby reducing non-radiative exciton energy
dissipation.’

Besides RIR and RIV, researchers have explored additional
mechanisms  governing  AIE, including J-aggregate
formation,*®*° E/Z isomerization,*® twisted intramolecular
charge transfer (TICT),*"**> and excited-state intramolecular
proton transfer (ESIPT).*>** These mechanisms describe
various excited-state molecular motions and complement
rather than contradict the RIM model. The restricted motion
of molecules makes AIEgens highly suitable for integration
into porous frameworks. In porous crystalline materials such
as MOFs and COFs, which feature rigid skeletons and
periodic pore structures, AIEgens can be incorporated either
as structural components of the framework or as guest
molecules within the pores.

2.2 Construction and performance of AIE-MOFs

The key factors in constructing AIE-MOFs are the choice of
organic ligands and metal ions. Organic ligands serve as the
primary framework, with commonly used ones including

This journal is © The Royal Society of Chemistry 2025

tetraphenylethylene (TPE), 4',4”,4",4"-(ethene-1,1,2,2-tetrayl)
tetrabiphenyl-4-carboxylic acid (H,TCPE), etc., partly listed in
Table 1. The first example of AlEgens in MOF materials
involved the immobilization of functionalized TPE ligands,
which prevented chromophore stacking and enabled
fluorescence turn-on.”” In another study, tetrakis(4-
carboxyphenyl)ethylene (TCPEE) was coordinated with d'°
metal ions to form luminescent MOFs (Fig. 2(B)). Despite the
large intermolecular distances induced by coordination with
metal ions, the fluorescence quantum yield of these MOFs
remained relatively low due to the partial freedom of benzene
ring rotation in TCPEE. Optimization of this system through
deuteration of the TPE core significantly enhanced
fluorescence efficiency.*® Solid-state *H and '*C NMR
experiments, along with variable-temperature X-ray
diffraction and density functional theory (DFT) calculations,
were employed to investigate the dynamics of the benzene
ring in TPE-based MOFs. The findings revealed that both
ethylene C=C twisting and benzene ring torsion influence
fluorescence emission, with the former potentially acting as a
gating mechanism for the latter. This study provided valuable
insights into the relationship between molecular dynamics
and fluorescence efficiency, offering a strategy to modulate
activation barriers and optimize novel AIE-MOF materials.
Recent research has extensively focused on TPE and its
derivatives. By modifying ligand structures—such as
introducing different substituents or adjusting the
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conjugation system—the emission peak positions can be
fine-tuned, while variations in framework connectivity
influence the degree of motion restriction in AIEgens, thereby
controlling their luminescence properties.*’>°

Another approach involves embedding AIEgen molecules
within MOF voids to restrict their movement, simplifying
MOF design while enabling the AIE effect. Dong et al
demonstrated that tuning the ratio of TPE-based organic
linkers in a MOF system effectively controlled the number of
AIE molecular rotors (dynamic benzene rings), resulting in
highly tunable photophysical properties with a linear
dependence on the linker ratio.”* Increasing the number of
AIE molecular rotors enhanced the sensing sensitivity of
dynamic MOFs, highlighting the functional versatility of
these materials. Many other studies on AIEgen-modified
MOF pores further confirm the modifiability and tunability
of MOFs.>>™>

Besides ligand design, the selection of metal ions or
clusters is crucial, as they form stable coordination bonds
with organic ligands and contribute to diverse coordination
modes. This flexibility allows for the formation of various
topologies while maintaining charge balance for structural
stability. Zhou's group developed a novel tetraphenylene-
based zirconium MOF exhibiting bright blue fluorescence
emission at 470 nm with a remarkably high quantum yield of
99.9 + 0.5% under an Ar atmosphere.”® They later synthesized
a PCN-128W MOF by varying the metal nodes, which
displayed reversible piezoelectric fluorescence discoloration,
shifting from white to yellow under mechanical stress.”’
Similarly, Guo et al. synthesized two variants, Sr-ETTB and
Co-ETTB, by incorporating different metal nodes with the
same ligand. Sr-ETTB exhibited strong fluorescence at 470
nm (@ = 54.6%) with a highly sensitive and reversible
luminescence response to pressure and temperature. In
contrast, replacing Sr** with Co®" yielded non-emissive Co-
ETTB (¥r = 0.14%) due to primary ligand-to-metal and
secondary ligand-to-ligand charge transfer transitions.’® Not
only that, the recent construction of AIE MOFs using AIE-type
metal nanoclusters has significantly expanded the variety of
AIE-MOFs that can be created.”™"

2.3 Construction and performance of AIE-COFs

COFs have also garnered significant attention as luminescent
materials due to their stable covalent bonding, intrinsic
porosity, low backbone density, and high structural stability.
Unlike MOFs, COFs lack metal ions or clusters, relying
entirely on covalent bonds between organic monomers. This
structural difference makes the synthesis of AIE-COFs more
challenging. Like conventional COFs, AIE-COFs can be
classified into 2D-COFs and 3D-COFs based on their
dimensionality.

2D-luminescent MOFs often suffer from the ACQ effect
due to face-to-face n-n stacking, which leads to fluorescence
quenching. Incorporating AlEgens into 2D-COFs is one of the
most effective strategies to overcome ACQ and achieve high
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emissivity. Early on, Zhao's group successfully synthesized a
series of 2D-COFs using TPE-based organic ligands, laying
the theoretical foundation for AIE-COF synthesis.®* **
Dalapati et al. synthesized high-emissivity 2D TPE-Ph COFs
(Fig. 2(C)) wusing vinyl-functionalized TPE units. They
successfully mitigated the fluorescence quenching effect
caused by interlayer n-n stacking through the introduction of
an AIE mechanism.®® By incorporating AIE-active units at the
vertices of polygonal frameworks, they achieved crystalline
porous COFs with periodic n-stacked columnar AIE arrays.
These arrays enhance luminescence performance through the
combined effects of strong intra-layer covalent bonding and
inter-layer non-covalent n-m interactions. Notably, these
materials exhibit excellent quantum yields and function as
highly sensitive sensors capable of detecting ammonia at
sub-ppm levels. Since then, various 2D-COFs based on AIE
ligands have been designed for diverse applications.®®™%®

To further suppress ACQ, constructing 3D-COFs is another
promising approach. Lin et al. reported the first pyrene-based
3D-Py-COF with a PtS-type topology, carefully selecting the
precursor geometry and connectivity. This COF exhibited a
narrow pore size distribution, high specific surface area, and
selective CO, adsorption over N,. Due to its isolated pyrene
units, it became the first fluorescent 3D-COF capable of
detecting explosives.®” Lin's group later synthesized two
porphyrin-based 3D-COFs that demonstrated significant
photocatalytic activity.”® Ding et al. further expanded on this
work by synthesizing a TPE-based 3D-COF with a sevenfold
interspersed PtS topology in the P2/c space group. This
material emitted yellow fluorescence upon excitation, with a
photoluminescence quantum yield (PLQY) of 20%.
Additionally, white-light LEDs (WLEDs) were fabricated by
simply coating a 3D-TPE-COF onto commercial blue LEDs,
maintaining stability after 1200 hours of natural aging.”*
Despite these advancements, research on AlEgen-based 3D-
COFs remains limited. The development of multifunctional
AlEgen-based 3D-COFs is particularly challenging due to their
intricate structures and unique properties, making this an
exciting yet demanding area for future exploration.

3. Applications of AIE-MOF/COF
porous materials

As a unique class of luminescent materials different from
traditional ones, AIEgens exhibit remarkable luminescence
properties in the aggregated state, characterized by high
quantum yields and excellent photostability. To fully harness
these properties, it is crucial to restrict the molecular motion
of AlEgens, a goal effectively achieved through MOFs or
COFs. These porous, rigid structures serve as ideal scaffolds,
effectively limiting the intramolecular motions of AIEgens
and thereby enhancing their luminescence.>* Moreover, fine-
tuning the structure of AIE-based ligands enables precise
control over both the color and intensity of the emitted light.
Additionally, selecting different metal nodes within these
frameworks can further modulate the luminescence lifetime
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and stability. A key advantage of MOF/COF materials lies in
their intrinsic porosity, which not only facilitates the
encapsulation of AlEgens but also allows for the integration
of other functional molecules. This integration of advantages
endows these materials with exceptional multifunctionality,
making them highly suitable for applications in
optoelectronics, sensing, biomedicine, and catalysis. The
following sections provide an overview of recent
advancements in AIE-MOF/COF research, highlighting key
developments across various aspects.

3.1 Advances in AIE-MOF/COF materials for optoelectronic
applications

AlEgens have been extensively investigated for light-emitting
display applications. However, the luminescence efficiency of
MOFs and COFs incorporating AIE properties still requires
further enhancement, and their potential in emerging
optoelectronic applications still needs further exploration.
Recent studies have made significant progress in addressing
these challenges, demonstrating novel strategies for
optimizing luminescence performance and broadening the
scope of AIE-MOF/COF applications in optoelectronics.

Yuan et al. recently reported the design and synthesis of a
novel columnar MOF framework constructed from H,TCPE,
zinc  ions  (Zn*"), and  N,N'-di(4-pyridyl)-1,4,5,8-
naphthalenetetracarboxydiimide ~(DPNI).”> The resulting
structure, Zn-TCPE-DPNI, exhibits a dual interpenetration
topology (Fig. 3(A)). Within this framework, efficient charge
transfer occurs between H,TCPE and Zn**, while the RIM of
the H,TCPE ligand enhances the AIE effect, leading to highly
luminescent MOFs. A key feature of Zn-TCPE-DPNI is its
tunable NLO response, achieved by varying the excitation
wavelength of a femtosecond laser from 900 to 1500 nm. The
MOF single crystals exhibit multiple NLO effects, including
two-photon absorption, three-photon absorption, and third
harmonic generation (THG). Notably, under 1500 nm
excitation, pure THG was observed with an effective NLO
constant of 2.9 x 107** esu—significantly higher than that of
conventional materials such as quartz. This work presents a
new strategy for designing photoluminescent MOF crystals
with controllable NLO properties, offering promising
prospects for advanced optoelectronic and biophotonic
device applications.

Recent studies have highlighted the importance of
suppressing nonradiative decay to enhance the luminescence
of AIE-COFs.”® Liu et al. proposed a dual-regulation strategy
that combines interlayer spacing expansion and
intramolecular rotation restriction, resulting in a PLQY of
21.22% in a TPAZ-TPE-COF and enabling efficient Fe*"
sensing and white light emission.”* In contrast, Wan et al.
focused on modulating linker conjugation and flexibility.”
By employing weakly conjugated hydrazone linkers and a
flexible AIE-active TFBE core, they constructed Hz-COFTFBE-
ODH with a higher PLQY of 26.28%, enhanced solid-state
emission, and practical applications in both WLEDs and

This journal is © The Royal Society of Chemistry 2025
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Fig. 3 (A) Synthesis of a photoluminescent AIE-MOF with tunable nonlinear optical (NLO) response from H,TCPE and DPNI. Reproduced with
permission from ref. 72. Copyright 2024 Wiley-VCH. (B) A Janus-type white light-emitting AIE-MOF fiber composite prepared by bilateral
electrospinning technology. Reproduced with permission from ref. 76. Copyright 2023 Wiley-VCH. (C) Adoption of an AIE-COF as a color
converter for a high net data transfer rate. Reproduced with permission from ref. 77. Copyright 2024 American Chemical Society.

antibiotic sensing. While Liu's strategy emphasizes structural
rigidity and packing control, Wan's work demonstrates the
effectiveness  of linker engineering in  balancing
n-conjugation and molecular motion. Together, these
approaches underscore the versatility of AIE principles in
COF design and provide complementary pathways toward
high-performance luminescent materials. In addition,
Kachwal et al. explored a hybrid approach to tuning the
luminescence properties of AIE-MOFs by incorporating them
into electrospun Janus microfibers.”® Using post-synthetic
modification, they introduced donor-acceptor (D-A) type AIE-
active ligands into three different MOFs (NH,-UiO-66(Zr),
NH,-MIL-53(Al), and NH,-MIL-68(In)) resulting in AIE-MOFs
with emission spectra tunable across the visible range
(Fig. 3(B)). When embedded in a polymer matrix, the fiber
structure significantly enhanced the luminescence efficiency
of the AIE-MOFs compared to their powdered form. Through
bilateral electrospinning, the researchers fabricated Janus-
type white light-emitting AIE-MOF fiber composites with an
impressive PLQY of 58%—double that of homogeneous
fibers. Nevertheless, further studies are needed to explore the
long-term photostability, thermal resistance, and large-area
fabrication compatibility of these Janus AIE-MOF fibers. This
approach highlights the potential of hybrid AIE-MOFs with
Janus-type structures for efficient white light emission,
paving the way for tunable, high-performance materials in
optoelectronics, lighting, and displays.

In the field of optical wireless communication (OWC), Jindal
et al synthesized AIE-COFs using the Knoevenagel

This journal is © The Royal Society of Chemistry 2025

condensation reaction.”” The resulting ATE-COFs exhibited a
significantly higher solid-state PLQY (39%) and a shorter
luminescence lifetime (1 ns) compared to conventional ACQ-
COFs (Fig. 3(C)). Importantly, the luminescence intensity and
quantum yield of AIE-COFs increased in the aggregated state,
enhancing their potential for OWC applications. With a -3 dB
modulation bandwidth reaching nearly 200 MHz, AIE-COFs
demonstrated superior performance compared to conventional
materials. As a color converter, the material achieved a net data
rate of 825 Mb s™!, surpassing traditional color conversion
materials used in OWC systems. Compared to the 1.076 Gb s™*
transmission rate and 65.7 MHz bandwidth of the TPE-based
molecules integrated into the recent MOF used by Zhu,”® it is
more suitable for optical modulation applications that require
a high-frequency response or low latency due to its higher
modulation bandwidth.

These recent advancements highlight the growing
potential of AIE-MOF/COF materials in optoelectronic
applications. By leveraging their tunable luminescence
properties, enhanced NLO responses, and improved
efficiency in composite structures, researchers are pushing
the boundaries of these materials in display technologies,
optical communication, and beyond. AIE-MOF/COF materials
offer multiple advantages, including low cost, straightforward
synthesis, and high stability, making them highly promising
for flexible optoelectronic devices. Future studies will further
refine their design and integration into practical devices,
unlocking new opportunities for  high-performance
optoelectronic and photonic systems.
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3.2 AIE-MOF/COF materials for advanced sensing
applications

Materials with AIE properties have been widely employed in
various sensing applications due to their exceptional optical
characteristics, including high sensitivity, selectivity, and
rapid response. These materials have demonstrated
remarkable performance in detecting metal ions, gases,
volatile organic compounds (VOCs), and acid-base variations,
including pH changes.**” Notably, ATE-MOF/COF materials
exhibit enhanced luminescence signals due to the AIE effect,
while their tunable structural features and pore sizes
contribute to efficient and highly selective ion detection.
Their fast and reversible optical response further ensures
reliable and efficient detection.®**"

The detection of inorganic ions is a critical aspect of
chemical sensing, where AIE-MOF/COF composite materials
have proven effective in improving detection efficiency.
Recently, Zhang et al. developed a highly sensitive mercury
ion (Hg®") detection system by integrating 6-aza-2-
thiothymine (ATT)-protected gold nanoclusters (AuNCs) with
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cerium-based MOFs.®”> The researchers employed an
electrostatic attraction strategy to assemble positively
charged Ce-MOFs with negatively charged AuNCs, forming
AuNC/Ce-MOF composites (Fig. 4(A)). In this system, the
electrostatic interaction facilitated AuUNC aggregation on the
Ce-MOF surface, thereby enhancing the AIE effect.
Simultaneously, the Ce-MOF structure restricted the
movement of ATT ligands in the AuNCs, inducing the
restriction of the RIM effect, which reduced non-radiative
relaxation pathways and significantly enhanced fluorescence
intensity. Upon the introduction of Hg”>*, Ce-MOFs
effectively increased the local Hg>" concentration, triggering
Au-Hg specific recognition and leading to fluorescence
quenching. This resulted in a well-defined linear
relationship  between the Hg>" concentration and
fluorescence intensity, enabling highly sensitive detection
with a broad dynamic range and a low detection limit.
Besides Hg>" detection, AIE-MOF/COF materials have also
been successfully applied for detecting a variety of metal
ions, including AI’" and Cu®', through fluorescence-based
sensing mechanisms.®* %
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Fig. 4 (A) AUNC/Ce-MOF composites for the sensitive detection of mercury ions (Hg®*). Reproduced with permission from ref. 82. Copyright
2024 Elsevier. (B) A natural enzyme-free dual-mode colorimetric/fluorescence method for the detection of oxyphosphorus by Zr-based AIE MOFs.
Reproduced with permission from ref. 91. Copyright 2025 Elsevier. (C) TaTp-COFs synthesized using TaPb and TpTa for the detection of BBR.

Reproduced with permission from ref. 92. Copyright 2024 Elsevier.
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In addition to metal ions, AIE-MOF/COF composites have
shown great promise for detecting organic pollutants,
including tetracycline antibiotics, nitro-containing
explosives, pesticide residues, and other hazardous organic
molecules.®**° Zhu et al. developed an efficient detection
method for organophosphorus compounds by synthesizing
a zirconium-based MOF (Zr-MOF) composed of Zr*" ions
and the AlE-active ligand TCPEE.”" This MOF topology
effectively leverages the AIE mechanism, where the rigid
framework of Zr*" ions stabilizes TCPE, resulting in
enhanced fluorescence and high phosphatase-like activity
(Fig. 4(B)). The unique catalytic properties of the Zr-MOF
enable selective hydrolysis of phosphate-containing
compounds, including paraoxon, generating yellow
p-nitrophenol via the Zr*" active nodes. This process
simultaneously affects the inherent fluorescence of TCPE,
leading to a dual signal output combining colorimetric and
fluorescence detection. Such cross-detection strategies
improve detection accuracy and broaden the application
scope of AIE-MOF materials in environmental monitoring
and biochemical analysis. Similarly, Wang et al. synthesized
a TaTp-COF for the detection of berberine (BBR).”> The COF
structure significantly enhanced the fluorescence properties
of BBR by restricting its free movement through weak
hydrogen bonding interactions within the COF cavity
(Fig. 4(C)). While the TaTp-COF itself exhibits negligible
fluorescence in aqueous solution, the presence of trace
amounts of BBR induces strong green fluorescence,
enabling highly sensitive detection. In addition, Tang et al.
constructed a Mn(m)-based AIE-MOF sensor that enables
target-induced framework dissociation and fluorescence
recovery for chlorpyrifos detection.”> The system
demonstrated strong AIE enhancement, high selectivity, and a
low detection limit (3.79 ng mL™"), facilitating real-time
monitoring of pesticide bioaccumulation in crops. To further
enhance the sensing performance of MOFs, Jiang et al
constructed a dual-AIE MOF by combining two AIE-linkers,
achieving a high quantum yield of 92.6%.°* This MOF
enabled ultrasensitive and selective detection of the pesticide
DCN (LOD = 123 ppb) through fluorescence quenching, with
real-time visual sensing on fruits and soil and quantitative
analysis via computer vision. In addition, recent sensing
research on metal clusters,”® explosive detection,’® and
biomedical macromolecules shows great promise.’” %’

Although AIE materials have been extensively developed
for various sensing applications, their integration with
porous frameworks such as MOFs and COFs significantly
expands their functional capabilities. These hybrid materials
exhibit enhanced selectivity, sensitivity, and stability in
detecting both inorganic ions and organic pollutants, making
them highly promising for environmental monitoring,
chemical analysis, and biomedical applications. However,
challenges remain in further improving detection sensitivity
and selectivity, requiring continued advancements in
material design and sensing strategies to unlock their full
potential.

This journal is © The Royal Society of Chemistry 2025
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3.3 AIE-MOF/COF materials for biomedical applications

AIE materials have garnered significant attention in the
biomedical field due to their ability to maintain bright and
stable luminescence even at high concentrations or in
aggregated states.'**"% Through structural modifications
and biocompatible designs, these materials have been
successfully applied in cellular and in vivo imaging,
biomolecular  detection, drug delivery, therapeutic
monitoring, and photodynamic and photothermal therapies,
opening new avenues for precision medicine.

Electrochemiluminescence (ECL) is a widely recognized
analytical technique due to its high sensitivity and low
background interference, making it particularly valuable for
clinical diagnostics and drug monitoring. There have been
many recent advances in ECL materials based on AIE
properties.’®'%® Hu et al developed a dual-signal ECL
immunosensor for detecting the biomarker serum amyloid A
(SAA).'® They synthesized an ECL sensor based on a
lanthanide metal-organic framework (La-MOF), where
1,3,6,8-tetra(4-carboxybenzene)pyrene (H,TBAPy) served as
the ligand and La®" as the central metal ion (Fig. 5(A)). This
design effectively enhanced the ECL response by overcoming
the inherently weak ECL intensity of the H,TBAPy ligand,
thereby improving the quantum yield. When applied to
detect SAA, the difference between the anodic and cathodic
ECL signals showed a strong correlation with SAA
concentrations ranging from 100 fg mL™ to 200 ng mL™",
with a detection limit of 24.5 mg mL™". This approach
provides a reliable method for detecting SAA in clinical
samples. To advance AIE-based sensing, Li et al. developed a
nanoconfined AIE-ECL system by embedding TPE into NH,-
MIL-88, enhancing ECL efficiency via in situ catalysis.'®” This
platform enabled smartphone-based, self-reporting detection
of cardiac troponin I (cTnl) with ultrahigh sensitivity,
highlighting its potential for point-of-care diagnostics.

In therapeutic applications, AIE-COFs have emerged as
promising non-metallic thermotherapeutic agents. Zhang
et al. synthesized three AIE-COF materials (TDTA-COF,
BTDTA-COF, and BTDBETA-COF) and explored their use in
hyperthermia therapy for suppressing malignant VAs.'%®
These AIE-COFs directly modulated the stellate ganglion (SG)
function and neural activity through local warming therapy,
promoting  white  fat  browning and  alleviating
neuroinflammatory  conditions  surrounding the SG
(Fig. 5(B)). This, in turn, effectively suppressed ischemia-
induced VAs, marking the first instance of an AIE-COF-based
non-metallic  thermotherapeutic approach for cardiac
treatment. The study highlights the potential of AIE-COFs in
neurocardiology and biomedical applications, providing new
therapeutic strategies for reducing cardiac sympathetic
overactivity. Recently, they effectively induced tertiary
lymphoid structure (TLS) formation through an AIE-COF,
creating a chronic inflammatory microenvironment,
promoting high cytokine secretion, enhancing the effects of
phototherapy, and recruiting and activating immune cells for

CrystEngComm, 2025, 27, 3643-3658 | 3651


https://doi.org/10.1039/d5ce00311c

Published on 30 April 2025. Downloaded on 11/5/2025 8:34:19 PM.

Highlight
A coon
(A) S
o o

SASe 10C
060 + La(NOy; 61,0 == 5 e

I saA-Ab2 V L

View Article Online

CrystEngComm

(C) Inherent AIE faaturHe of drug:
)

RIR-type Aggregation
Q cus,  REpeA
oon
La-MOF La-MOF@Ab2
______ HTBAPY _a__ __________a__ _@___ Visualization of molecular state in solid:
- . Compartment- freerernngp 4
NaOH alization i
N o L
" )I\ /)\VT\‘ 550 G * HAuCl * Y SAA-AbIL * i
7 2 i
+Bsa Y
g-CyN, 2-C;N,@AuNPs g—C;NA@AuNPs@Abl or IMC@CD-MOF
s ~—Without target - N
Z — With target ggregat ggregat 99 state
2| @ AEC XD AECED AIE G
g Stability Dissolution Phannacoklneﬂi:s
= ., Thermal Humid gt High Stability v
9 @l & @ =i H Rapid Dissolution v
08 04 0.0 04 08 12 - z Enhanced Absorption v
Potential (V, vs Ag/AgCh Time
(B) Laser, (D) Excessive Paracetamol @l§P Inhibiting inflammatory
) ! ﬁ,—ﬁ' infiltration
@ AIE COF g Healthy O\k @ ™ Acute drug-induced Liver recovered
Liver liver injury
Neuromodulation > Y ” ﬁls_"ll:l
~_Stellat Mannose &
White/ gang? Inhil blt ‘ elni1 ;, lar Matrine & Berberin: 8 MDA
1DIT Vi ricul
fat “Neural aCﬂVltVl arthythmias Se-COF I
or Se-BCOF

o G
SG /Brownm 2 v Neuro- 1
@ 'of white ?gt Foshs inflammal on
el =Y 0= ©
Myocardial COF mediated o N ]
rction Iocal hyperthermla therapy Thermogene’sls N actviy |

N,

S »4 3 /O
o 3
B Reticular
chemistry
=

/ Man@Se-COF
Mannose or Man@Se-BCOF
receptor

* triggered drug release

T Matnne Berbenne@I
radical response l
Oy G | Xﬁmﬂammasamesl
| drva combination theraoy
A 3 //'4\‘
HO, HO — A4

Apoptotic M1 type M2 type
macr

phag

Fig. 5 (A) Detection of SAA using a La-AlE-MOF dual-signal ECL immunosensor. Reproduced with permission from ref. 106. Copyright 2025
Elsevier. (B) An AIE-COF non-metallic hyperthermia agent for the inhibition of ventricular arrhythmias (VAs). Reproduced with permission from ref.
108. Copyright 2023 Wiley-VCH. (C) Amorphous IMC loaded into a CD-MOF to form IMC@CD-MOF composites, which resulted in a significant
increase in solubility and bioavailability. Reproduced with permission from ref. 110. Copyright 2024 Elsevier. (D) A redox-responsive AIE-COF
targeting hepatic macrophages for the treatment of drug-induced liver injury. Reproduced with permission from ref. 111. Copyright 2024 Wiley-

VCH.

cancer immunotherapy.’® Due to their superior
biocompatibility, AIE-COFs show potential in enhancing anti-
tumor immunity and providing precision intervention in
cardiovascular treatments by integrating materials science,
photomedicine, and immunological mechanisms.

Enhancing drug stability and improving real-time
visualization of drug molecules are critical challenges in
pharmaceutical sciences. Peng et al. demonstrated the
unique AIE properties of indomethacin (IMC) solid-state
fluorescent compounds and their potential in drug
delivery."'® By encapsulating amorphous IMC into a porous
y-cyclodextrin-based metal-organic framework (CD-MOF),
they created IMC@CD-MOF composites, which exhibited
significantly improved solubility and bioavailability compared
to pure crystalline and amorphous IMC (Fig. 5(C)).
Furthermore, the physical stability of IMC was enhanced in
the MOF compared to pure amorphous drugs. The
fluorescence properties of the IMC@CD-MOF allowed for
direct visualization of drug molecular states, with significant
fluorescence quenching indicating a non-aggregated, high-
energy molecular state. This AIE-based imaging technique
provides a highly sensitive and spatially resolved method for

3652 | CrystEngComm, 2025, 27, 3643-3658

monitoring drug delivery and stability in complex biological
environments.

The increasing misuse of antipyretic and analgesic drugs
has led to a surge in acute drug-induced liver injuries,
highlighting the urgent need for precise and effective drug
delivery systems. In response, Zhuang et al. developed a
redox-responsive AIE-COF composite specifically targeting
liver macrophages.""" They synthesized two COFs (Se-COF
and Se-BCOF) using diselenides, which possess dynamic
exchange properties and low chemical bonding energies,
making them ideal for drug delivery applications
(Fig. 5(D)). These COFs were loaded with matrine and
berberine, enabling dual-drug targeted delivery for the
treatment of drug-induced liver injury. The loaded COFs
inhibited the overactivation of reactive oxygen species (ROS)
and the NLRP3/ASC/caspase-1 signaling pathway in
damaged liver tissues while leveraging the protective effects
of berberine to suppress JNK phosphorylation and nuclear
Nrf-2 expression. This mechanism effectively mitigated liver
inflammation and oxidative stress, offering a superior
therapeutic alternative to conventional N-acetylcysteine
(NAC) treatment.

This journal is © The Royal Society of Chemistry 2025


https://doi.org/10.1039/d5ce00311c

Published on 30 April 2025. Downloaded on 11/5/2025 8:34:19 PM.

CrystEngComm

By integrating AlE-active molecules with porous
frameworks such as MOFs and COFs, these composite
materials achieve remarkable sensitivity and selectivity in
bioimaging and clinical diagnostics. Additionally, they
provide flexible and efficient solutions for targeted drug
delivery, disease treatment, and mechanistic studies. With
further advancements in synthesis techniques and safety
evaluations, AIE-MOF/COF composites are expected to play a
pivotal role in precision medicine and integrated therapeutic
strategies, driving innovation in biomedical applications.

3.4 AIE-MOF/COF materials for photocatalysis and
electrocatalysis

While the application of MOFs and COFs in photocatalysis
has been extensively studied, the integration of AIE to
enhance their photocatalytic performance—particularly in
multi-modal catalysis—remains a relatively unexplored area.
Recent research has demonstrated that incorporating AIE-
active linkers into MOF/COF structures can improve
photocatalytic efficiency by facilitating electron transfer,
enhancing charge separation, and enabling multifunctional
catalytic processes.'™

View Article Online
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Chen et al. designed and synthesized a tetraconnected
AlE-active organic linker, H,-TPE,Pz, by combining a TPE
core with a pyrazole moiety.""® Using this linker in
combination with Nig clusters as nodes, they assembled a
(4,12)-connected MOF with an ftw-a topology (TPE,Pz-Ni),
which exhibited remarkable chemical stability in various
solvents and under strong alkaline conditions. Notably, the
luminescence of TPE,Pz-Ni was significantly quenched due to
ligand-to-metal charge transfer (LMCT) from the TPE core to
the Nig cluster (Fig. 6(A)). This material functioned as a
photoredox/nickel dual catalyst in the C-S cross-coupling
reaction between aryl iodides and thiols, demonstrating
outstanding catalytic activity. Mechanistic studies revealed
that the TPE,Pz unit acted as the photocapture center, while
Nig clusters served as catalytic centers, facilitating synergistic
catalysis through electron and radical transfer. These
findings highlight the potential of AIE-MOFs in organic
transformations, expanding their applications in sustainable
catalysis.

The detection and remediation of toxic pollutants,
particularly heavy metals such as hexavalent chromium
(Cr(v)), remain significant challenges in water treatment. To
address this, Li et al. developed a Tb@Zr-MOF composite by
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Fig. 6 (A) A TPE core with a pyrazole moiety formed an AlE-active linker. Combined with a Nig cluster, the resulting MOF efficiently catalyzed the
C-S cross-coupling of aryl iodides and thiols. Reproduced with permission from ref. 113. Copyright 2024 American Chemical Society. (B) A Tb@Zr-
MOF composite material for effective reduction of Cr(vi) ions. Reproduced with permission from ref. 114. Copyright 2023 The Royal Society of
Chemistry. (C) An AIE-MOF material with Cd(i1) as the metal node has been synthesized, exhibiting highly sensitive fluorescence sensing
performance for Cr,O,2" in aqueous solution and a high photoreduction rate for Cr,0,% and tetracycline. Reproduced with permission from ref.

120. Copyright 2024 American Chemical Society.
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integrating terbium (Tb*") ions into a Zr-bipyridine MOF via
post-modification techniques."™* This composite exhibited
unique dual-emission properties, with Tb*" ions emitting
bright green fluorescence (Amax = 546 nm), while the Zr-MOF
exhibited blue-shifted fluorescence at 361 nm, with
significantly reduced intensity (Fig. 6(B)). This dual-emission
behavior enabled self-calibrated fluorescence sensing,
enhancing detection accuracy for Cr(vi). Additionally, the
Tb@Zr-MOF demonstrated exceptional photocatalytic activity,
achieving a 97.5% reduction efficiency of Cr(vi) under UV
irradiation. Theoretical calculations and experimental results
indicated that Th*>" incorporation narrowed the band gap and
lowered the conduction band potential of the Zr-MOF,
facilitating  effective  electron-hole  separation and
significantly boosting photocatalytic performance.
Furthermore, the antenna effect between lanthanide ions and
organic ligands improved properties,
demonstrating the multifunctionality of AIE-MOFs in sensing
and pollutant degradation.'*>*?

While significant progress has been made in
photocatalytic materials for single-pollutant treatment, the
development of multi-modal materials capable of
simultaneously addressing multiple contaminants remains a
key challenge. To tackle this issue, Guo et al. synthesized a
water-stable Cd(un)-based MOF (CCSFU-1) using 2,3,6,7-
tetrakis(4-carboxyphenyl)quinoxaline (H,TCPQ) as the organic
linker."*® The tetraphenylquinoxaline moiety in CCSFU-1
exhibited AIE, enabling highly sensitive fluorescence sensing
of Cr,0,~ in aqueous solutions. Besides sensing
applications, the pore structure of CCSFU-1 facilitated the
simultaneous adsorption and photocatalytic degradation of
both Cr,0,>" and tetracycline, a widely used antibiotic
pollutant (Fig. 6(C)). The photoreduction rate constants for
Cr,0,%" and tetracycline were measured to be 0.176 min "
and 0.0253 min™", respectively, values that surpass those of
most previously reported MOF-based photocatalysts. In
addition, Zou et al. developed a redox-active Dy-MOF using a
TPE-based ligand."" The material showed dual functionality
in Cr(vi) detection (LOD: 11 nM) and visible-light-driven
reduction (99.1% efficiency), enabled by effective ligand-to-
metal charge transfer and Dy-O active sites. These results
suggest that modulating the crystalline structure of MOFs to
harness the AIE effect provides a promising strategy for
developing multifunctional photoactive materials for complex
environmental remediation.

Electrocatalytic technology plays a significant role in the
environment, new energy, and chemical synthesis.'*
However, the high cost and scarcity of traditional
electrocatalytic materials, such as iridium, platinum, and
ruthenium, have inhibited the large-scale application of
electrocatalysis. Therefore, finding low-cost, stable, and high-
performance electrocatalysts is an important challenge.
Porous nanostructured catalysts, such as MOFs and COFs,
which possess large surface areas, excellent stability, effective
mass transfer ability, and easily adjustable catalytic binding
sites, have strong potential in the field of

luminescence

3654 | CrystEngComm, 2025, 27, 3643-3658

View Article Online

CrystEngComm

electrocatalysis.'>'** Recent studies on MOF/COF catalytic
materials have shown interesting research in carbon dioxide
reduction, water electrolysis, etc.">>'*® However, many
electrocatalytic intermediate reaction processes are still worth
exploring. AIE materials have high probing ability, and
Wang's research has utilized them for detecting poisonous
NO, by aggregation-induced electrochemiluminescence
probes to reveal Pt catalyst deactivation and halide ion
activation effects. The kinetics of NO, intermediate formation
during the electroreduction of nitrate to ammonia was
investigated in situ on palladium nanoparticles with different
crystallographic surfaces.'>*"3°

AIE materials can be used to address the diminished
photoelectrochemical utilization caused by stacking of
conventional materials, as mentioned in the above article.
However, whether it can also solve the decrease in
electrocatalytic activity due to stacking is a question worth
exploring. Metal porphyrins are widely used as homogeneous
electrocatalysts. Nichols' group found that porphyrin
aggregation under homogeneous conditions inhibits
electrocatalysis, which can be modulated by titration of
certain additives and modification of the ligand structure.'**
McCrory's group mitigated the limitation of catalytic activity
due to aggregation by codepositing Cobalt
phthalocyanine(CoPc ) with the coordination polymer poly(4-
vinylpyridine) (P4VP) on the electrode surface, which also
provided additional catalytic enhancements.”*® Due to the
properties of AIE materials, it is possible that they may also
mitigate catalytic performance by counteracting n-stacking
interactions. Although the thermal construction of AIE-MOF/
COF materials for electrocatalysis is rare, leveraging the
porous structure of AIE-MOF/COF materials to improve the
exposure probability of active sites and promote the charge
transfer rate may be a feasible solution to address the
challenges of reduced electrocatalysis.

AIE-MOF/COF materials possess tunable structures, high
specific surface areas, and multifunctional capabilities,
making them highly promising for advanced photocatalysis,
electrocatalysis, or photoelectrocatalysis. In the future, the
development of novel AIE molecules, optimization of MOF/
COF structures, multi-functionalization, and large-scale
production are expected to enhance their role in catalysis,
offering new solutions for energy and environmental
challenges.

Conclusion and future perspectives

AlEgens enhance fluorescence efficiency by restricting
intramolecular motion through coordination, covalent, or
non-covalent bonding within MOF/COF materials. This
restriction enables highly sensitive and accurate fluorescence
analysis. These materials possess customizable optical
properties and intrinsic porosity, making them ideal
candidates for responsive devices. The structural rigidity and
porosity of the frameworks further enhance their sensing

This journal is © The Royal Society of Chemistry 2025
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capabilities, allowing AlEgen-based luminescent porous
materials to make significant strides across various fields.

Despite these advancements, several challenges and
opportunities remain:

1. Understanding AIE mechanisms: while the RIM is a
well-established mechanism of AIE, emerging AIE systems
cannot be fully explained by RIM alone. A deeper and more
comprehensive investigation into the underlying mechanisms
governing AIE behavior is necessary for advancing material
design.

2. Diverse linkers for enhanced design: most linkers used
in constructing AIE-MOF/COF materials are based on TPE or
its derivatives. Exploring alternative non-TPE-based linkers
could open new avenues for innovation and broaden the
design possibilities for porous AIE materials.

3. Sensitivity and selectivity: although AIE-MOF/COF
materials have shown rapid progress in sensing applications,
their performance in complex chemical environments is
often hindered by interfering ions, leading to reduced
detection sensitivity. Achieving high sensitivity and
selectivity, particularly in biological settings, remains a
critical challenge. The development of AIE-MOF/COF
materials with superior selectivity, sensitivity, and stability in
diverse microenvironments is essential.

4. Integration of multifunctional components: the
inherent porosity of these frameworks allows for the
incorporation of functional components such as metal ions,
clusters, and quantum dots, which can further enhance the
properties of AIE-MOF/COF materials. However, research in
this area remains relatively limited, presenting vast
opportunities for future exploration and innovation.

5. Sensing materials are expected to evolve towards real-
time intelligent detection with integrated functions such as
signal amplification, self-reporting, and adaptive response.
AIE-MOF/COF materials hold great promise for point-of-care
diagnostics and field monitoring. Future work will focus on
enhancing stability, miniaturization, and compatibility with
portable devices for smart, user-friendly sensing systems.

This review highlights the progress of AIE-MOF/COF
materials in applications such as optical devices, sensing,
biomedicine, and photocatalysis, with a focus on their
luminescence  properties and recent technological
advancements. Additionally, it provides an in-depth
discussion on the structural functionalization of AIE-MOF/
COF materials to guide the future design of multifunctional
materials. While the development of AlEgen-based porous
materials is still in the early stages, their potential is vast,
offering exciting challenges and opportunities for future
advancements.
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