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Abstract

Chirality is a cornerstone of biological systems and pharmaceutical activity, driving a crit-ical need
for rapid and sensitive enantioselective analytical methods. Covalent organic frameworks (COFs)
have emerged as versatile porous materials, and their chiral counter-parts, chiral COFs (CCOFs),
uniquely combine high surface area, predesignable pores, and a confined chiral microenvironment,
making them exceptional platforms for enantioselective fluorescence sensing. This review
systematically summarizes recent advances in the construction and application of CCOFs for
enantioselective fluorescence sensing. We first outline the primary synthetic strategies for CCOFs,
including direct synthesis, post-synthetic modification, and chiral induction. Subsequently, based on
the direction of fluorescence signal change upon analyte binding, we classify the sensing mechanisms
in-to three categories: “turn-off” (quenching via static complexation or photoinduced electron
transfer), “turn-on” (enhancement through rigidification or suppression of electron transfer), and
ratiometric (self-calibrating dual-emission response). Representative examples for the detection of
amino acids, amino alcohols, terpenes, and saccharides are highlighted for each mode. Special
emphasis is placed on structure—property relationships, such as the synergistic roles of hydrogen
bonding, m—m stacking, and framework confinement in amplifying enantioselectivity. Finally, we
discuss current challenges and future perspectives, including the rational design of ratiometric
sensors, integration into practical devices, and the convergence with machine learning to advance the
field of smart chiral sensing.

Keywords: covalent organic frameworks; chirality; enantioselective fluorescence sensing; host-guest
chemistry; turn-on fluorescence; enantioselective recognition

1. Introduction

Chirality is a fundamental geometric property that profoundly influences molecular interactions,
playing a pivotal role in biological systems, pharmaceutical activity, and materials science [1-3]. The
enantioselective recognition of chiral molecules is of paramount importance in diverse fields,
including drug development, clinical diagnostics, agrochemical analysis, and food safety [4-6].
Conventional analytical techniques for chiral discrimination, such as high-performance liquid
chromatography (HPLC) and capillary electrophoresis, often suffer from drawbacks like time-
consuming procedures, high cost, and limited sensitivity [7,8]. Consequently, there is a growing
demand for rapid, sensitive, and cost-effective enantioselective sensing platforms [9-13].

Fluorescence-based sensing has emerged as a powerful alternative due to its high sensitivity,
fast response, operational simplicity, and real-time monitoring capability [14-16]. However,
achieving enantioselective fluorescence discrimination remains challenging because of the subtle
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physicochemical differences between enantiomers, which require exquisitely designed chiral
microenvironments to amplify recognition events [17-19].

In recent years, covalent organic frameworks (COFs)—a class of crystalline porous polymers
with pre-designable structures, high surface areas, tunable pore sizes, and excellent stability —have
attracted tremendous interest in sensing applications [20-24]. Among them, chiral COFs (CCOFs)
integrate the intrinsic advantages of COFs with chiral recognition elements, offering a unique
platform for enantioselective fluorescence sensing [25-28]. The well-defined chiral nanochannels of
CCOFs not only preconcentrate analytes but also provide confined spaces where host—guest
interactions (e.g., hydrogen bonding, m—mt stacking, and electrostatic forces) are amplified, leading to
significantly enhanced enantioselectivity compared to molecular analogs [29-34].

Despite rapid advances, the field of CCOF-based enantioselective fluorescence sensing is still in
its early stages, with several key challenges remaining [27,35-37]: (i) the trade-off between
crystallinity and chiral functionality during synthesis, (ii) the need for a deeper mechanistic
understanding of signal transduction (turn-off vs. turn-on vs. ratiometric responses), (iii) limited
analyte scope beyond model compounds, and (iv) the lack of practical device integration.

This review systematically summarizes the recent progress in the design, synthesis, and
fluorescence sensing applications of CCOFs. We first introduce the three main synthetic strategies for
constructing CCOFs. Then, we focus on their enantioselective fluorescence sensing mechanisms,
categorizing them into turn-off (quenching), turn-on (enhancement), and ratiometric sensors, with
representative examples for detecting amino acids, amino alcohols, terpenes, saccharides, and other
chiral small molecules. Emphasis is placed on structure—property relationships, particularly how the
confined chiral microenvironment amplifies enantioselectivity. Finally, we discuss current challenges
and future perspectives, including rational design of ratiometric CCOF sensors, integration into
portable devices, and convergence with machine learning for smart chiral sensing. By providing a
comprehensive overview, this review aims to guide the rational development of next-generation
CCOF-based enantioselective fluorescence sensors for practical applications in pharmaceutical,
clinical, and environmental analysis, ultimately addressing the growing demand for rapid, sensitive,
and selective chiral analysis.

2. Synthetic Strategies for CCOFs

The construction of CCOFs is the foundational step for their application in enantioselective
fluorescence sensing. Without a well-defined crystalline porous architecture, the precise chiral
microenvironment required for selective recognition cannot be established. A central challenge lies
in introducing chirality without compromising the crystallinity and porosity that define CCOFs
functionality —a delicate balance, as many chiral building blocks are bulky or flexible, hindering
ordered stacking [25,29,38-40]. To date, three principal synthetic strategies have been established: (i)
direct synthesis from enantiopure monomers [41-47], (ii) post-synthetic modification (PSM) of an
achiral COF scaffold [48-51], and (iii) chiral induction from achiral precursors mediated by a chiral
template or catalyst [52-57]. Each approach offers distinct advantages and trade-offs in terms of chiral
site density, crystallinity retention, and synthetic accessibility.

2.1. Direct Synthesis

Direct synthesis involves the co-condensation of pre-designed chiral organic monomers into a
crystalline framework [25]. This strategy ensures homogeneous distribution of chiral recognition sites
throughout the COF skeleton and allows precise control over the chiral microenvironment [58-60].
However, it requires that the chiral monomers maintain conformational rigidity and do not sterically
impede the reversible bond formation essential for crystallization. Based on the chiral source
employed, current direct synthesis methods can be categorized into BINOL-based systems,
camphorsulfonyl-based systems, tartaric acid-derived systems, and cyclodextrin-based systems [61-
65].
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BINOL-Based CCOFs. Optically pure 1,1"-bi-2-naphthol (BINOL) is one of the most versatile and
widely used chiral sources in materials science due to its stable axial chirality and ease of
functionalization [66,67]. Wu et al. reported BINOL-based fluorescent CCOFs by designing an
enantiopure BINOL-dialdehyde monomer (BINOL-DA). Imine condensation with tetrakis(4-
aminophenyl)ethene (TPE-TAM) or a triisopropyl-substituted triamine (Pr-TAM) yielded two 2D
CCOFs (CCOF 7 and CCOF 8) with tetragonal and hexagonal pores, respectively (Figure 1a) [61]. The
presence of twisted TPE units in CCOF 7 enabled facile exfoliation into ultrathin 2D nanosheets (7-
NS), exposing abundant chiral recognition sites for vapor sensing. In a separate approach, Yuan et al.
expanded the linkage chemistry by employing Knoevenagel polycondensation between a BINOL-22-
crown-6-derived tetraaldehyde (BINOL?*-C) and linear diacetonitriles. This afforded the first olefin
(C=C) linked CCOFs (CCOF 17 and CCOF 18) [62]. Notably, these frameworks could be post-reduced
via crystal-to-crystal transformation to yield C-C single bond-linked analogs (17-R and 18-R),
demonstrating the chemical versatility of the olefin linkage.
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Figure 1. Synthesis of the CCOF 7 (a), CCOF 8 (a), and the (R)-DFST-TAPB COF (b) by direct synthesis.

Camphorsulfonyl-Based CCOFs. Moving beyond BINOL, Zhang et al. utilized (1S)-(+)-10-
camphorsulfonyl chloride as a chiral source to synthesize a dialdehyde monomer (S-DFTS) bearing
the camphorsulfonyl group. Schiff-base condensation with 1,3,5-tris(4-aminophenyl)benzene (TAPB)
produced S-DFTS-TAPB COF (Figure 1b), which features 1D channels uniformly decorated with
chiral camphorsulfonyl moieties [63]. The abundant hydrogen-bonding sites within these groups
create a favorable microenvironment that enabled the CCOF-based enantioselective fluorescence
sensing of non-aromatic amino acids—a significant breakthrough given the lack of m—m interaction
sites in such analytes.

Tartaric Acid-Derived CCOFs. Zhao et al. adopted a one-pot polymerization strategy using a
chiral monomer (CTp) prepared by functionalizing 1,3,5-triformylphloroglucinol (Tp) with (+)-
diacetyl-L-tartaric anhydride [64]. Condensation of CTp with 3,6-diaminocarbazole—a high-
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efficiency fluorophore with a conjugated structure —yielded carbazole-conjugated chiral COFs (CC-
COFs). The rigid triazine nodes and carbazole linkers endowed the material with a fluorescence
quantum yield of 15.2% and a flower-like morphology, facilitating rapid and sensitive detection of
phenylalanine enantiomers.

Cyclodextrin-Based CCOFs. Cyclodextrins (CDs) are naturally occurring chiral macrocycles that
offer intrinsic host-guest recognition capabilities [68,69]. Han et al. leveraged this property by
condensing y-cyclodextrin (y-CD) with trimethyl borate to yield an anionic CD-COF [65]. The
inherent chirality of the y-CD building blocks imparts optical activity to the entire framework.
Subsequent cation exchange of the piperazinium counterions with Tb* afforded Tb@CD-COF, a dual-
emission lanthanide-functionalized CCOF. The y-CD cavities serve as enantioselective recognition
pockets, while the incorporated Tb% ions provide a characteristic emission at 542 nm that responds
to analyte binding via modulation of the antenna effect, enabling ratiometric sensing.

2.2. Post-Synthetic Modification

Post-synthetic modification circumvents the challenges associated with direct crystallization of
chiral monomers by grafting chiral functionalities onto a pre-formed, highly crystalline achiral COF
scaffold [25]. This strategy decouples framework construction from chiral functionalization: an
achiral COF is first synthesized under optimized conditions to ensure high crystallinity and porosity,
and chiral moieties are subsequently anchored to the pore walls through post-synthetic approaches
[70-74].

Quaternization on Ionic COFs. Yue et al. synthesized an achiral ketoenamine-linked TB-COF via
condensation of Tp and 2,2’-bipyridine-5,5"-diamine (BPY) under solvothermal conditions (Figure 2a)
[75]. The framework features accessible pyridine units within its 1D channels. Subsequent
quaternization with (1R,25,5R)-2-isopropyl-5-methylcyclohexyl-carbonochloridate (L-MTE) in
refluxing acetonitrile covalently anchored the chiral auxiliary to the pore walls, yielding L-TB-COF.
PXRD confirmed the retention of crystallinity, while CD spectroscopy verified the successful
introduction of chirality [76].
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Figure 2. Synthesis of the L-TB-COF (a) and HD-TAPB-DMTP COF (b) via post-synthetic modification.
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Chiral Monomer Exchange Strategy for Defective CCOFs. Yuan et al. employed a dynamic
ligand exchange strategy. An achiral imine-linked TAPB-DMTP COF was first prepared from TAPB
and 2,5-dimethoxyterephthaldehyde (DMTP) at room temperature (Figure 2b) [77]. The pre-formed
COF was then treated with the chiral monodentate aldehyde helicid (HD) under acidic conditions,
allowing partial exchange of DMTP with HD through dynamic imine bond cleavage and reformation.
The resulting HD-TAPB-DMTP COF retained the imine-linked framework while acquiring chiral
hydroxyl sites and structural defects.

2.3. Chiral Induction Synthesis

Chiral induction represents a fundamentally different paradigm: the crystallization of a
homochiral framework from entirely achiral building blocks under the influence of a chiral or
template catalyst [25]. This approach bypasses the need for synthetically complex or expensive chiral
monomers, offering a cost-effective route to CCOFs [27].

Catalytic Induction with Chiral Amines. Han et al. pioneered this strategy for COFs by
employing (R)- or (5)-1-phenylethylamine (1-PEA) as a chiral catalyst in the imine condensation of
Tp with various diamines or triamines [52]. The chiral catalyst induced a unidirectional tilting of the
threefold-symmetric tris(N-salicylideneamine) (TASN) cores, locking them into a propeller-like
conformation of single handedness (A or A) throughout the crystallization process (Figure 3a). This
yielded nine 2D CCOFs (TpPa-1, TpBD, TpTab, etc.) with controlled handedness from achiral
precursors. Critically, the chiral catalyst was not incorporated into the final framework, as confirmed
by 13C CP-MAS NMR and FT-IR spectroscopy.

Chiral Memory Effect in Cage-to-COF Transformation. Building on dynamic covalent chemistry
(DCC), Song et al. discovered a “chiral memory” effect during the structural transformation from
porous organic cages to COFs [55]. A homochiral imine cage (CC3-R or CC3-S), synthesized from
achiral 1,3,5-triformylbenzene and chiral cyclohexanediamine, was subjected to linker exchange with
various achiral diamines (Figure 3b). Remarkably, as the chiral linker was replaced, the propeller-like
conformation of the benzene-1,3,5-methanimine cores was preserved, yielding 2D CCOFs with
retained homochirality. This strategy effectively transfers chirality from a discrete cage to an
extended framework without requiring any chiral monomers in the final product. Compared to direct
catalytic induction, the cage-to-COF transformation offers greater control and ensures more complete
preservation of chiral information.

Catalytic Asymmetric Polymerization. Expanding the scope of chiral induction beyond
conformational locking, Chen et al. demonstrated that chiral phosphoric acid can catalyze an
asymmetric multicomponent Povarov reaction to directly construct CCOFs with complex
stereocenters [78]. Using (R)- or (S)-MCF-CPA as the chiral catalyst, achiral monomers—1,3,5-tris(4-
formylphenyl)triazine ~ (TFPT),  3-methyleneisoindolin-1-one ~ (MIDO), and  1,3,5-tris(4-
aminophenyl)triazine (TAPT) —were condensed under ambient conditions to yield C4-spiro-(2S, 4R)-
TMTT-COF or C4-spiro-(2R, 4S)-TMTT-COF (Figure 3c). The resulting frameworks feature C4-
azaspirocycle chiral centers—structural motifs ubiquitous in natural products and pharmaceuticals
but unprecedented in COFs.

Each of the three synthetic strategies has its own advantages and trade-offs: direct synthesis
offers the highest controllability and uniform distribution of chiral sites but requires rigid monomers;
PSM retains the best crystallinity with mild conditions but has limited chiral loading capacity; chiral
induction has the lowest cost and avoids chiral monomers, but its mechanism is complex and
generalizability remains to be validated. Researchers should select the appropriate strategy based on
the priorities of crystallinity, chiral density, and scalability for their target application.
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Figure 3. (a) Schematic representation of the synthesis of CCOFs by (R)-1-PEA. Adapted with permission from
ref 52. Copyright 2018, Springer Nature.(b) Schematic representation of the synthesis of CM-COFs via cage-to-
COF transformation. Adapted from ref. [55] with permission, copyright 2024, American Chemical Society. (c)
Synthesis of C4-spiro-(2S, 4R)- and (2R, 45)-TMTT-COFs via asymmetric multicomponent Povarov reaction.

3. Enantioselective Fluorescence Sensing of CCOFs

Fluorescence sensing is the extensively developed methodology for enantioselective recognition
using CCOFs. The fundamental principle is that non-covalent interactions between target
enantiomers and chiral fluorophores within the CCOF framework induce differential changes in
photophysical properties, manifested as measurable variations in fluorescence intensity, wavelength,
or lifetime [28,31,37,79-88]. The porous architecture of CCOFs amplifies these recognition events
through analyte pre-concentration and the creation of well-defined chiral microenvironments[89] .
Based on the direction of the fluorescence signal change upon analyte binding, CCOF-based
enantioselective fluorescence sensors can be classified into three categories: turn-off (quenching),
turn-on (enhancement), and ratiometric sensors [10,32,81]. To facilitate comparison across the three
sensing modes, Table 1 summarizes representative CCOF-based fluorescence sensors along with
their analytes, mechanisms, and enantioselectivity factors. In the following sections, we discuss
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representative examples from each category, with an emphasis on the underlying recognition
mechanisms and structure-property relationships.

Table 1. Representative CCOF-based fluorescence sensors for enantioselective recognition.

Signal CCOF Sensing Detection

) Analyte ) L EF/QR Ref.
Mode Material Mechanism Limit

D-Cellobiose, D-
Maltose, D-Glucose, D-

Sucrose, D-Lactose, D-

Sorbitol, D-Fructose, D- QR =

TpTab (A) Gentiobiose, D- N.R. 1.32- [52]
Lactobionic acid, D- 3.62
Glucuronic acid, D-
Gluconic acid, D- Static
Mannitol Quenching

Turn-Off a-Pinene, Limonene, QR =

7-NS Fenchone, Carvone, N.R. 1.20- [61]
Terpinen-4-ol 3.41

Z@PVDE a-Pinene, Limonene, EF -
Fenchone, Carvone, N.R. [61]

membrane 1.7-9.5

Terpinen-4-ol

PET-
(R)-CCOF QR =
D-Tryptophanol Promoted N.R. [62]
17 241
Quenching
. 0.8 uM EF =
L-TB-COF  R-Phenylalaninol [75]
(R) 16.96
EF =
. N.R. [78]
C4-spiro- 25.39
(25, 4R)- 125uM  EF=
D-Phenylalaninol [78]
TMTP- (D) 7.25
COF EF =
N.R. [78]
16.28
Rigidification- EF =
Turn-On (4)-CM-
Induced N.R. 2.19- [55]
COF-3
. 2.24
L-Tyrosine, L-
HD-
Phenylalanine EF =
TAPB- 0.05-0.18
1.84-  [77]
DMTP puM (L)
2.02
COF
S-DFTS- o EF =
D-Arginine, L- 0.38-0.92
TAPB . . 1.57-  [63]
Isoleucine, L-Valine uM
COF 2.42

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.1603.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 April 2026 d0i:10.20944/preprints202604.1603.v1

8 of 24
0.027 uM
CC-COFs  D-Phenylalanine N.R. [64]
PET- (D)
. Suppressed EF =
(R)-CCOF  L-Phenylglycinol, L-
Enhancement N.R. 12.85- [62]
17 Phenylalanine
14.72
Ksu
R-1,2-Propanediol, R-2- Antenna
Tb@CD- 7.5-11.8 ratio =
Ratiometric Amino-1-propanol, R-2-  Effect- [65]
COF uM 1.25-
Amino-1-butanol Modulated 145

1 Abbreviations: N.R. = Not reported; EF = Enantioselectivity factor; QR = Quenching ratio; PET = Photoinduced
electron transfer; PAL = Phenylalaninol; PGL = Phenylglycinol; TPL = Tryptophanol; 7-NS = BINOL-based COF
nanosheets; 7@PVDF = BINOL-based COF nanosheets embedded in PVDF nanofiber membrane.

3.1. Turn-Off (Quenching) Sensors

In turn-off sensors, the binding of chiral analytes leads to a decrease in fluorescence emission
intensity. This quenching can arise from static complexation (formation of a non-emissive ground-
state complex) or from dynamic processes such as photoinduced electron transfer (PET) that promote
non-radiative decay [80,90-92]. Turn-off sensors have been successfully applied to the detection of
saccharides, terpenes, and certain amino alcohol derivatives.

3.1.1. Static Quenching via Host-Guest Complexation

Static quenching is characterized by unchanged fluorescence lifetime upon analyte binding,
indicating the formation of a stable host—guest complex [31]. This mechanism is particularly effective
for analytes that can engage in strong hydrogen bonding, nt-1t stacking, or hydrophobic interactions
within the confined chiral channels of the COF [52,61].

Saccharides. Han and co-workers employed a chiral induction strategy using (R)- or (S)-1-
phenylethylamine as chiral catalysts to synthesize nine 2D CCOFs based on Tp [52]. Among these,
TpTab—obtained from Tp and TAPB—exhibited strong fluorescence at 540 nm. In phosphate-
buffered saline (pH 7.35) simulating human body fluids, TpTab showed selective quenching toward
D-cellobiose: (A)-TpTab gave a Stern—Volmer constant Ksv of 13,086 M-, while (4)-TpTab gave 3806
M- (quenching ratio QR = 3.44) (Figure 4a-c). Notably, the sensor was enantioselective towards a
wide range of saccharides, including D-glucose, D-sucrose, D-lactose, and D-maltose, with QR values
ranging from 1.32 to 3.62. Fluorescence lifetimes remained nearly constant upon titration, and PXRD
confirmed framework stability, indicating static quenching via host-guest adduct formation.

Terpenes. Wu and co-workers reported a CCOF-based enantioselective fluorescence sensor
using BINOL-derived chiral COF nanosheets (7-NS), which were obtained by exfoliation of an imine-
linked 2D COF (CCOF 7) [61]. In acetonitrile suspension, 7-NS showed strong emission at 380 nm
that was quenched by both a-pinene enantiomers, but (—)-a-pinene gave Ksv = 1348 M1, while (+)-a-
pinene gave only 395 M (QR = 3.41) (Figure 4d). Similar selectivity was observed for limonene,
fenchone, carvone, and terpinen-4-ol (QR = 1.20-3.41) (Figure 4e). To address the practical issues of
aggregation and difficult recovery associated with powdered COFs, the authors electrospun 7-NS
with PVDF into free-standing nanofiber membranes (7@PVDEF), which exhibited an enantioselective
fluorescence decrease ratio (EF) of 9.5 for a-pinene vapour and could be regenerated by heating
(Figure 4f). Control experiments with monomeric BINOL-dialdehyde showed no chiral
discrimination, proving that the confinement and rigidity of the COF framework are essential for
amplifying enantioselectivity. Molecular simulations revealed that (-)-a-pinene binds more strongly
to the BINOL units (binding energy —21.92 vs. —18.63 kcal/mol) due to closer proximity of its double
bonds and aliphatic groups to the chiral binaphthyl backbone. This work established two enduring
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design principles—nanosheet exfoliation to expose active sites and membrane fabrication for
recyclable sensing —that have since guided the development of CCOF-based sensors.
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Figure 4. Fluorescence emission spectra of (/) -TpTab (a) and (4)-TpTab (b) with increasing concentration of the
Dcellobiose quencher in solution. (c) Stern-Volmer plots of the fluorescence emissions of (A)/(4)-TpTab
quenched by D-cellobiose. Adapted from ref. [52] with permission, copyright 2018, Springer Nature. (d)
Stern-Volmer plots of 7-NS upon titration of a-pinene in MeCN. (e) Enantioselective quenching ratio for several
terpenes. (f) Enantioselective fluorescence decrease ratio for several vapors. Adapted from ref. [61] with

permission, copyright 2019, American Chemical Society.

3.1.2. PET-Promoted Quenching

While static quenching relies on ground-state complexation, an alternative quenching pathway
involves photoinduced electron transfer (PET) that is facilitated upon analyte binding [93]. In this
case, the analyte itself can act as an electron donor or acceptor, promoting non-radiative decay and
enhancing quenching compared to the free COF [62].

Tryptophanol. Yuan and co-workers synthesized olefin-linked chiral COFs (CCOFs 17 and 18)
via Knoevenagel polycondensation of a chiral crown-ether-containing tetraaldehyde with
diacetonitriles. When (R)-CCOF 17 was treated with tryptophanol (TPL), the emission at 529 nm was
quenched, with D-TPL (Ksv = 820.5 M) quenching more efficiently than L-TPL (Ksv = 340.1 M),
giving a QR of 2.41 [62]. The indole ring of TPL is known to participate in 7t-m stacking with the COF
layers, which promotes PET from the excited fluorophore to the analyte, resulting in quenching.
Interestingly, the same CCOF exhibited turn-on responses toward phenylglycinol and phenylalanine
(discussed in Section 3.2.2), illustrating that the same material can produce opposite signal directions
depending on the analyte’s electronic properties and binding mode. This duality is a key insight: it
suggests that the design of CCOF sensors must consider not only the chiral recognition site but also
the electronic communication between the analyte and the fluorophore. For electron-rich analytes
like TPL that can participate in mt-7t stacking, PET-promoted quenching may dominate; for analytes
that bind primarily through hydrogen bonding to the crown ether, PET suppression may lead to
enhancement.

3.2. Turn-On (Enhancement) Sensors

In contrast to turn-off sensors, turn-on sensors exhibit an increase in fluorescence intensity upon
analyte binding [80]. This enhancement typically results from the suppression of non-radiative decay
pathways [94-97]. Two distinct sub-mechanisms have been identified: rigidification-induced
enhancement, where analyte binding restricts molecular motions, and PET-suppressed enhancement,
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where binding blocks an intrinsic electron transfer pathway [98-101]. In this section, we organize the
discussion by analyte type within each sub-mechanism.

3.2.1. Rigidification-Induced Enhancement

When an analyte binds to a flexible fluorophore or to a COF with loose interlayer packing, it can
lock the conformation and restrict motions that otherwise dissipate energy non-radiatively, thereby
boosting fluorescence [31,102]. This is the most common turn-on mechanism reported for CCOFs,
and it has been successfully applied to the detection of amino alcohols, aromatic amino acids, and
non-aromatic amino acids[55,63,75,77,78].

Amino Alcohols. A representative example of rigidification-induced enhancement for amino
alcohol detection is the chiral ionic COF developed by Yue and co-workers for phenylalaninol (PAL)
[75]. They post-synthetically modified an achiral pyridine-based COF (TB-COF) with L-MTE via
quaternization, producing the first chiral ionic COF used for fluorescence sensing. The material
showed a remarkable turn-on response toward R-PAL: Ksu = 10,804 M for R-PAL versus only 637
M- for S-PAL (EF = 16.96), with detection limits of 0.8 uM (R) and 13.2 pM (S) (Figure 5a-c). L-TB-
COF could also determine enantiomeric excess (ee) values with excellent linearity (R? = 0.9957) over
10-100% ee. Neither free L-MTE nor achiral TB-COF showed any chiral recognition, demonstrating
that anchoring the chiral moiety onto the rigid COF backbone is crucial. DFT calculations indicated
that R-PAL forms stronger hydrogen bonds with ester oxygen atoms (binding energy —4.5 kcal/mol)
than S-PAL (-0.2 kcal/mol) (Figure 5d). The exceptionally high EF value (16.96) suggests that the
combination of ionic framework and hydrogen-bonding sites creates a uniquely well-defined chiral
microenvironment (Figure 5e).
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Figure 5. Fluorescence responses of L-TB-COF to R-PAL (a) and S-PAL (b) with different concentrations, and
insets are the color change of the R-PAL detection system from 0 to 400 uM under a UV lamp at 365 nm. (c)
Linear calibration plots between I/Io values of L-TB-COF and the concentrations of R-PAL (blue line) and S-PAL
(red line). (d) Optimized structures of the most likely positions of R-PAL and S-PAL interacting with chiral
fragments of L-TB-COF by DFT calculations (C, gray; O, red; N, blue; and H, white). (e) Proposed chiral
fluorescent recognition mechanism. Adapted from ref. [75] with permission, copyright 2023, American Chemical
Society. Fluorescence emission spectra of C4-spiro-(2S, 4R)-TMTT-COF in the presence of varying concentrations
of D-PAL (f) and L-PAL (g) in suspension. (h) Benesi-Hildebrand plots of the fluorescence emissions of C4-spiro-
(2S, 4R)-TMTT-COF enhanced by D- PAL and L-PAL in suspension. (i) Optimized structures of the possible
positions of D-Phenylalaninol and L-Phenylalaninol interacting with single-layer chiral ring fragments of C4-
spiro-(2S, 4R)-TMTT-COF by DFT calculations (C: gray; O: red; N: blue; H: white). Adapted from ref. [78] with

permission, copyright 2025, American Chemical Society.

PAL has also been detected using C4-spirocyclic CCOFs reported by Chen and co-workers [78].
The resulting C4-spiro-(2S, 4R)-TMTT-COF contains two distinct carbon chiral centers and showed
turn-on fluorescence toward D-PAL with Ksu= 641 M~ versus 88 M for L-PAL (EF = 7.25), and a
detection limit of 12.5 uM for D-PAL (Figure 5f-h). By varying the monomers, C4-spiro-(2S, 4R)-
TMTP-COF achieved an outstanding EF of 25.39 for PAL, one of the highest values reported. DFT
calculations revealed that D-PAL formed more hydrogen bonds with the framework and had a more
negative binding energy (-18.00 vs. -17.69 kcal/mol) than L-PAL (Figure 5i). The spirocyclic structure,
with its rigid and well-defined three-dimensional geometry, appears to provide an exceptionally
discriminating chiral environment.

Aromatic Amino Acids. Rigidification-induced enhancement has been extensively applied to the
detection of tyrosine and phenylalanine. Song and co-workers exploited a chiral memory effect
during dynamic covalent chemistry (DCC)-induced transformation from homochiral porous organic
cages (CC3-R or CC3-S) to COFs—the first demonstration that chirality can be preserved during cage-
to-COF transformation, yielding CCOFs constructed entirely from achiral building blocks. The
resulting CM-COEF-3, decorated with abundant hydroxyl groups, exhibited turn-on fluorescence
toward L-tyrosine with Ksu = 1.16x10° M versus 5.18x10° M for D-tyrosine (EF = 2.24) [55]. L-
Phenylalanine was also recognized (EF =2.19) (Figure 6a-c). DFT calculations using a three-layer COF
model showed that L-tyrosine formed multiple hydrogen bonds (2.2-3.0 A) with the pore walls, with
a binding energy of -59.4 kcal/mol, much more favourable than for D-tyrosine (-34.8 kcal/mol)
(Figure 6d).

A defective chiral COF approach was taken by Yuan and co-workers for the detection of tyrosine
and phenylalanine [77]. They used a chiral monomer exchange strategy to introduce HD into an
achiral TAPB-DMTP COF, yielding HD-TAPB-DMTP COF. In water, this material showed turn-on
responses toward L-tyrosine (EF = 1.84; detection limits 0.18 uM for L and 0.05 uM for D) and L-
phenylalanine (EF = 2.02; detection limits 0.17 uM for L and 0.08 uM for D) (Figure 6e-g). Molecular
docking indicated that L-tyrosine formed four hydrogen bonds with the HD unit, whereas D-tyrosine
formed only three (Figure 6h). The significantly lower detection limits for D-tyrosine (0.05 uM)
compared to L-tyrosine (0.18 uM) suggest that the sensor is actually more sensitive to the non-
preferred enantiomer—an unusual but potentially useful characteristic.

Non-Aromatic Amino Acids. The detection of non-aromatic amino acids—which lack m-
conjugated systems and cannot engage in strong m-7t interactions with COF frameworks—is
particularly challenging. Zhang and co-workers addressed this challenge by synthesizing S-DFTS-
TAPB COF from (15)-(+)-10-camphorsulfonyl chloride, achieving the first example of a CCOF-based
fluorescent sensor for non-aromatic amino acids [63]. The material has camphorsulfonyl groups
uniformly lining the 1D channels (pore size 3.6 nm, BET 445 m?/g), creating a hydrogen-bond-rich
chiral microenvironment. It exhibited turn-on fluorescence toward D-arginine (EF = 2.42; detection
limits 0.68 uM for D and 0.92 pM for L) (Figure 7a-c). For isoleucine and valine, the L-isomers gave
stronger enhancement (EF = 1.69 and 1.57, respectively). This reversal in enantioselectivity between
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arginine (D-preferred) and isoleucine/valine (L-preferred) is a fascinating observation. Molecular
docking showed that D-Arg formed two hydrogen bonds (binding energy -2.05 kcal/mol) while L-
Arg had only -1.70 kcal/mol (Figure 7d); for Ile and Val, the L-isomers had more negative binding
energies. The camphorsulfonyl group, with its rigid bicyclic structure and multiple hydrogen-
bonding acceptors, appears to provide a versatile chiral recognition platform capable of adapting to
different analyte geometries [103].

@) L-Tyrosine ®) D-Tyrosine © 20y, cmcor3+ L-Tyrosine
@ CM-COF-3 + D-Tyrosine
457 4.5
< —
% 3.01 %30
2 100 uL >
B 80 uL %
§1.51 0L S1q5
€ 40 pL =
- 20 L =
0.0 4= T T T — CM-COF-3 .0 4= T T T
390 420 450 480 510 390 420 450 480
Wavelength (nm) Wavelength (nm)
L-Tyrosine@(4)-CM-COF-3 D-Tyrosine@(4)-CM-COF-3
-59.4 kcal mol! -34.8 kcal mol!
() 2000 —zerxi0°w) (f) 2000 2.67x10° M| (9)1.16 1/19=0.05608(L-tyrosine)+0.9973 R?=0.99145
2.33x10°M 2.33x10° M| 1.14
——2.00x10° M ——2.00x10° M 112
1500 1.67x10°M 1500 1.67x10° M :
. 1.33x10°M| _ 133x10°m 110
3 1.00<10°M[ 5 1.00x10° M 1.08
< 1000 067x10°M| < 1000 067x10°M S
fred X ——0.33x10° M — s 1.06
L-tyrosine oM & - D-tyrosine g_;axw 9 1.04
500 500 1.02
1.00
0 T 0 0.98
450 500 550 600 650 450 500 600 650 0.0 0. 1.5 25
Wavelength (nm)

550 5 1 2.0
Wavelength (nm) Concentration (1075 M)

(h)

o
'Y
a

STt T

L-tyrosine D-tyrosine

Figure 6. (a, b) Fluorescence emission spectra of (A)-CM-COF-3 in the presence of varying concentrations of L-
and D-tyrosine in suspension. (c) Benesi-Hildebrand plots of the fluorescence emissions of (4)-CM-COEF-3
enhanced by D- and L-tyrosine. (d) Top views of the host-guest structures of L-tyrosine@(A)-CM-COF-3 and D-
tyrosine@(A)-CM-COF-3 based on energy-minimized DFT calculations. The indicated values represent the
relative binding energies. The labeled distances denote the hydrogen bond lengths (in A). Adapted from ref. [55]
with permission, copyright 2024, American Chemical Society. (e) Fluorescence emission spectra of HD-TAPB-
DMTP COF with the addition of different concentrations of L-tyrosine. (f) Fluorescence emission spectra of
TAPB-DMTP COF with the addition of different concentrations of D-tyrosine. (g) Linear calibration plots
between I/Io values of HD-TAPB-DMTP COF and the concentrations of L-tyrosine (blue line) and D-tyrosine (red
line). (h) Schematic representation of the interaction of HD-TAPB-DMTP COF with L-/D-tyrosine. Adapted from
ref. [77] with permission, copyright 2024, Wiley-VCH.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.1603.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 April 2026 d0i:10.20944/preprints202604.1603.v1

13 of 24

(a) 2500

1/1,0.00713(D-Arg)+1.07413 R*=0.97102
11,70.00528(L-Arg)+1.02019 R*=0.98068

400 450 500 550 600 400 450 500 550 600 o 1 50

o 20 30 40
Wavelength(nm) Concentration (M)

(d)

Figure 7. Fluorescence emission spectra with different concentrations of D-Arg (a) and L-Arg (b) linear. (c)
Calibration plots between I/Io values of S-DFTS-TAPB COF and the concentrations of D-Arg (red) and L-Arg
(blue). (d) Schematic representation of the interaction of S-DFTS-TAPB with D-/L-Arg. Adapted from ref. [63]

with permission, copyright 2026, ScienceDirect.

3.2.2. PET-Suppressed Enhancement

In the rigidification examples above, enhancement arises from physical restriction of motion. A
conceptually different turn-on mechanism involves the suppression of an intrinsic PET pathway that
normally quenches the fluorophore. When the analyte binds and blocks this electron transfer,
fluorescence is restored [104-106]. This mechanism is common in systems where an electron-donating
group and an electron-accepting group are both present in the COF, and it offers the advantage of
typically producing larger signal changes because the initial “off” state has very low background
fluorescence [107,108].

Phenylalanine. A representative example of PET-suppressed enhancement is the carbazole-
conjugated CCOF developed by Zhao and co-workers for phenylalanine detection. They synthesized
CC-COFs by one-pot polymerization of chiral (+)-diacetyl-L-tartaric anhydride-functionalized CTp
with 3,6-diaminocarbazole. The carbazole group was selected for its high fluorescence efficiency and
its ability to participate in PET. The material has a high quantum yield (15.2%) and showed turn-on
fluorescence toward D-phenylalanine with detection limits of 0.027 uM (D) and 0.037 uM (L) over a
linear range of 0.05-5 uM [64]. These are among the lowest detection limits reported for CCOF-based
sensors. Selectivity experiments confirmed that m-m interactions with aromatic amino acids are
essential for recognition—the sensor showed much weaker responses to aliphatic amino acids. The
response was fast (80% within 10 min) and unaffected by ten common ions, indicating good practical
potential (Figure 8a,b). The mechanism was attributed to inhibition of intramolecular PET from the
carbazole donor to the methoxy acceptor upon analyte binding. This PET-based turn-on mechanism
achieves very low detection limits because the initial fluorescence is low (due to efficient PET), and
analyte binding produces a large relative enhancement—a “dark-to-bright” switching that is
particularly advantageous for trace analysis.
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Figure 8. (a) Selectivity of CC-COFs to seven pairs of amino acid enantiomers. (b) The chiral recognition ability
of CC-COFs for Phe enantiomers in interfering matrix. Adapted from ref. [64] with permission, copyright 2022,

ScienceDirect.

Phenylglycinol and Phenylalanine. As mentioned in Section 3.1.2, the same (R)-CCOF 17 that
quenched tryptophanol gave turn-on responses toward phenylglycinol (PGL) and PAL. For PGL, Ksu
values were 2339 M~ for L-PGL and 159 M~ for D-PGL (EF = 14.72); for PAL, EF = 12.85 [62].
Mechanistically, the turn-on response is attributed to the binding of the protonated ammonium group
of the analyte to the crown ether moiety, which suppresses photoinduced electron transfer (PET)
from the crown ether oxygen atoms to the excited BINOL fluorophore. Strikingly, the homogeneous
control experiment using the molecular analogue P-BINOL2-C —which lacks the COF framework—
exhibited only weak quenching (Turn-off) towards these same analytes, with a quenching ratio (QR)
of merely 1.28-1.30. This stark contrast, where the COF framework converts the molecular “turn-off”
response into a “turn-on” one, highlights its critical role in creating a confined and ordered chiral
microenvironment. Such confinement does more than just immobilize the chiral receptor; it
fundamentally alters the photophysical pathway, likely by restricting non-radiative decay processes
(e.g., through rigidification or modulating layer-stacking interactions), thereby amplifying the
otherwise inefficient PET suppression observed in solution. Reduction of the olefin linkages to C-C
single bonds (CCOFs 17-R and 18-R) produced blue-shifted emission and higher quantum yields but
drastically reduced enantioselectivity (EF = 1.30-1.84), demonstrating that m-conjugation along the
COF backbone is essential for efficient chiral information transfer. This trade-off between stability (of
reduced frameworks) and sensitivity (of olefin-linked frameworks) is an important consideration for
the design of future CCOF sensors.

3.3. Ratiometric Sensors

Ratiometric fluorescence sensors measure the intensity ratio at two different wavelengths,
providing an internal reference that eliminates interference from variations in sensor concentration,
excitation intensity, or environmental factors [82,109-111]. This self-calibrating feature is particularly
valuable for quantitative analysis in complex samples [112,113].

Chiral Small Molecules. Han and co-workers prepared an anionic CD-COF from y-cyclodextrin
and trimethyl borate, then exchanged the piperazine counterions with Tb* to give Tbh@CD-COF
(Figure 9a) [65]. This design combines the chiral recognition ability of cyclodextrin with the
luminescent properties of lanthanide ions. The material exhibits two distinct emission bands under
excitation at 296 nm: a framework-based emission at 402 nm and a characteristic Tb% emission at 542
nm. The antenna effect from y-CD to Tb?* is intrinsically inefficient—the energy gap between the
triplet state of y-CD (2.17x10* cm™) and the °D, level of Tb% (2.04x10* cm™) is only 1.3x10° cm™?, below
the threshold for efficient energy transfer (1.5x10° cm™). As a result, the COF framework emission is
partially quenched (“off” state). Upon addition of chiral analytes such as 1,2-propanediol, 2-amino-
1-propanol, or 2-amino-1-butanol, the analytes compete with y-CD for Tb%* binding, weakening the
Tb3-y-CD interaction (Figure 9b). This competitive binding restores the COF emission at 402 nm
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(“on” state) while simultaneously reducing the Tb* emission at 542 nm. Consequently, the intensity
ratio Lipo/Iss2 changes monotonically with analyte concentration and enantiomeric configuration. The
degree of recovery differs between enantiomers, yielding Ksu ratios (R/S) of 1.25-1.45 and detection
limits of 7.5-11.8 uM. This work introduces a new paradigm for CCOF-based sensing: instead of
relying on direct analyte—fluorophore interactions, the sensor uses an indirect “competitive binding”
mechanism that decouples recognition from signal transduction (Figure 9c). The dual emission
intrinsically enables ratiometric measurement, and future designs could exploit such dual-emission
centers—via lanthanide doping or incorporation of reference fluorophores—to achieve robust, self-
calibrating enantioselective detection, which is particularly advantageous for complex biological or
environmental matrices. [114].
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Figure 9. (a) The synthesis of Tb@CD-COF. Emission intensity changes of Tb@CD-COF towards 1,2-propanediol
(b), 2-amino-1-propanol (c), and Tb@CD-COF (d) towards 2-amino-1-butanol at 402 nm. (e) Sensing mechanism
of Tb@CD-COF towards enantiomers. Adapted from ref. [65] with permission, copyright 2025, Springer Nature.

4. Conclusions and Future Perspectives

Remarkable progress has been made in the development of CCOFs for enantioselective
fluorescence sensing. Three principal synthetic strategies have been established —direct synthesis,
post-synthetic modification, and chiral induction—each offering distinct advantages in balancing
crystallinity, porosity, and chiral functionality. In fluorescence sensing, CCOF-based sensors operate
through three signal transduction modes: turn-off (quenching) via static complexation or
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photoinduced electron transfer, achieving enantioselectivity factors up to 3.6 for terpenes and
saccharides; turn-on (enhancement) via rigidification or PET suppression, dominating amino acid
and amino alcohol detection with selectivity factors reaching 25.4; and ratiometric sensing, which
remains nascent but has been demonstrated in dual-emission systems like Tb@CD-COF. The confined
chiral nanochannels of CCOFs amplify enantioselectivity through analyte preconcentration and
synergistic non-covalent interactions (hydrogen bonding, m-m stacking, and electrostatic forces), with
CCOFs consistently outperforming their molecular analogues—underscoring the essential role of
framework confinement in chiral amplification.

Despite these advances, several challenges and opportunities remain.

First, expansion of the analyte scope. While aromatic and non-aromatic amino acids, amino
alcohols, and terpenes have been successfully discriminated, application to more complex
biomolecules (peptides, oligosaccharides, nucleic acids), chiral pharmaceuticals beyond model
compounds, and environmentally relevant chiral pollutants (pesticides, herbicides) remains largely
unexplored. The design of CCOFs with tailored recognition sites specifically for these challenging
targets is a priority.

Second, deeper mechanistic understanding. Although DFT calculations and molecular docking
have provided valuable insights, the dynamic nature of host—guest interactions within confined COF
pores, the role of solvent effects, and cooperative binding phenomena remain poorly understood.
Advanced in situ characterization techniques—solid-state NMR, time-resolved fluorescence
microscopy, operando X-ray scattering—combined with theoretical models that account for
framework flexibility and solvation, are urgently needed.

Third, rational material design for enhanced sensitivity and selectivity. Beyond the recent
advances in structural innovation of CCOFs [115], the integration of multiple chiral recognition
elements within a single COF framework, mimicking biological multivalency effects, could yield
synergistic enhancements. Additionally, the deliberate design of ratiometric CCOF sensors—through
lanthanide doping or incorporation of reference fluorophores—remains an important unmet goal
[116-119].

Fourth, device integration and practical applications. Most reported sensors operate in
suspension or as free-standing membranes. Translation into practical, user-friendly platforms
requires fabrication of robust, reproducible, and cost-effective devices via inkjet printing, spin-
coating, or in situ growth on electrodes. Integration with microfluidics, smartphone-based readout,
and automated high-throughput screening would enable rapid on-site enantioselective analysis for
pharmaceutical quality control, clinical diagnostics, and environmental monitoring.

Fifth, reusability and long-term stability. While CCOFs generally exhibit excellent chemical and
thermal stability, the reversibility of the sensing process—essential for sensor regeneration and
reuse—requires further optimization. Stimuli-responsive CCOFs that undergo reversible binding
and release of chiral analytes in response to pH, temperature, or light represent an attractive approach
for recyclable sensor systems.

Finally, convergence with emerging technologies. The combination of CCOF sensor arrays with
machine learning algorithms could enable simultaneous discrimination of multiple chiral analytes
[120-123]. Integration with optical fiber or waveguide platforms would facilitate remote and real-
time sensing. Furthermore, leveraging the biocompatibility of certain CCOFs for chiral sensing in
biological fluids and living systems could open new avenues for in vivo diagnostics and therapeutic
monitoring [124-127] .

In summary, the field of CCOFs for enantioselective fluorescence sensing has advanced
remarkably over the past decade, establishing CCOFs as a powerful and versatile platform. With
continued progress in synthetic methodology, mechanistic elucidation, and device engineering,
CCOF-based fluorescence sensors hold great promise for addressing the growing demand for rapid,
sensitive, and selective enantioselective analysis across pharmaceutical development, clinical
diagnostics, and environmental monitoring. The convergence of CCOF chemistry with machine
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learning, microfluidics, and nanophotonics is poised to drive the next generation of smart chiral
sensing platforms, ultimately enabling real-world applications.
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Abbreviations

The following abbreviations are used in this manuscript:

COFs Covalent Organic Frameworks

CCOFs Chiral Covalent Organic Frameworks
HPLC High-Performance Liquid Chromatography
PSM Post-Synthetic Modification

BINOL 1,1"-bi-2-naphthol

TPE-TAM Tetrakis(4-aminophenyl)ethene

Tp 1,3,5-triformylphloroglucinol

CD Cyclodextrin

v-CD v-Cyclodextrin

PET Photoinduced Electron Transfer

TAPB 1,3,5-tris(4-aminophenyl)benzene
DMTP 2,5-Dimethoxyterephthaldehyde

HD Helicid

DCC Dynamic Covalent Chemistry

TASN Tris(N-salicylideneamine)

1-PEA 1-Phenylethylamine

MIDO 3-Methyleneisoindolin-1-one

TAPT 1,3,5-Tris(4-aminophenyl)triazine
TEPT 1,3,5-Tris(4-formylphenyl)triazine
PAL Phenylalaninol

PGL Phenylglycinol

TPL Tryptophanol

EF Enantioselectivity Factor

QR Quenching Ratio

ee Enantiomeric Excess

DFT Density Functional Theory

PVDF Polyvinylidene Fluoride

7-NS BINOL-based COF Nanosheets

BET Brunauer-Emmett-Teller

PXRD Powder X-ray Diffraction

FT-IR Fourier Transform Infrared Spectroscopy
NMR Nuclear Magnetic Resonance

CP-MAS Cross-Polarization Magic Angle Spinning
CcC Carbazole-Conjugated

Tb@CD-COF Terbium-exchanged Cyclodextrin COF
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