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1. Introduction

"Metal-organic frameworks" are a class of inorganic
porous materials in which metals are joined together by
organic binders in this class of porous compounds. These
frameworks can be synthesized at temperatures up to
221°C, pressures up to 21 atmospheres, and pH values
between 1 and 11 [1]. Also, the characteristics of this
group of compounds include low density, high surface
area, diverse design capabilities, orderliness, flexibility,
and stability. Despite these characteristics, these metal-
organic frameworks can be used in various fields such as
gas storage and separation, drug release, as catalysts,
selective separation, fuel cells, petrochemicals, and in
sensors, etc [2-11]. About fluorescent MOFs: MOFs that
exhibit fluorescence are called fluorophores. This

property is due to the presence of fluorophore groups in
their structure, or due to the presence of specific metal
ions that can absorb light and then re-emit it as visible
light, or even ligands in the structure that have fluorescent
properties. In recent years, fluorescent MOFs have
attracted significant attention, including from chemists, as
they have been used in the fields of sensors to identify
anionic and cationic pollutants, environmental pollutants,
antibiotic identification, biomarkers, targeted drug
delivery, and photothermal catalytic systems [12,13].

In FL-MOF, the source of fluorescence signals can be
classified into metal-centered emission (MC), ligand-
centered emission (LC), and guest-induced luminescence
(GI) change. Called charge transfer (CT), it involves non-
radiative energy and electron transfer processes.
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In fact, these transfers are from metal to ligand
(MLCT), ligand to metal (LMCT), ligand to ligand
(LLCT), metal to metal (MMCT), or ligand to guest
molecules (Scheme 1) [14]. When discussing the
response mechanism in FL-MOF, it's important to
recognize that it can be categorized into three types based
on variations in fluorescence signal intensity and
wavelength: turn on, turn off, and radiometric. Among
these, the turn-off type is the most frequently observed
response [15]. FL-MOF was first synthesized in 2013 by

Ghosh and co-workers, who used it to investigate and
identify nitro-containing explosive compounds [16].
Finally, in this article, we will discuss the application of
FL-MOF as a sensor for pH or for the detection of some
anionic and cationic pollutants, such as CN-, HCIO-, Bi*",
AI**, or for the detection of environmental pollutants such
as as NHoNH», chloroethylethyl sulfide (CEES),, or
detection of antibiotics and nitrophenol compounds, even
as a drug carrier in targeted drug delivery and catalytic
systems (Scheme 2).

/

Scheme 1. Schematic diagram showing the different sources of fluorescence signals in MOF-based fluorescence sensors
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Scheme 2. Various applications of FL-MOFs
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(A) pH sensors are capable of measuring the
concentrations of H" and OH™ in aqueous solutions. A
suitable pH sensor can be developed by utilizing the
protonation and deprotonation of the ligand within the
MOF. For instance, in 2020, Pan et al. reported a uranyl-
based MOF known as HNU-39. This MOF not only
facilitates the in-situ synthesis of the HsDTATC ligand
but also has its carboxyl hydrogens from the ligands
coordinated to the uranyl group, which can interact with
OH™ under alkaline conditions and become dissociated.
HNU-39 is effective for detecting pH levels ranging from
9.4 to 11.5 and can be applied in wastewater treatment
facilities [17].
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(B) The cyanide ion (CN-) is recognized as one of the
most toxic anions. CN- can attach itself to the enzyme
cytochrome oxidase, inhibiting the use of oxygen.
Consequently, cells perish from an insufficient oxygen
supply. Thus, it is crucial to create sensors for detecting
CN-. For this purpose, in 2021, Biswas et al. developed a
stable Zr-MOF (DUT-52) that demonstrates distinct
selectivity and exhibits bright blue fluorescence that is
responsive to water containing CN-, with a response time
of approximately 2 minutes. Organic molecules modified
with trifluoroacetamide, a potent electron-withdrawing
group, decrease emission intensity due to the
photoinduced electron transfer (PET) mechanism
occurring from the aromatic system to the
trifluoroacetamide group. However, the literature
suggests that upon introduction of CN-—, organic
molecules modified with trifluoroacetamide exhibit a
strong attraction to the cyanide ion, leading to the
trifluoroacetamide group being readily transformed into a
cyanohydrin as the nucleophilicity of the cyanide ion
increases, making it a strong electron donor. As a result,
the PET process is suppressed. Consequently, a notable
rise in fluorescence intensity and a marked red shift in the
emission spectrum were detected [18].

490 nm

350 nm

350 nm

(C) Dong et al. in 2019, reported the MOF UiO-68-PT
for detecting the reactive oxygen species HCIO". The
MOF UiO-68-PT exhibited negligible fluorescence. The
luminescent intensity is reduced due to the electron-
donating ability of phenothiazine to benzimidazole
through the PET mechanism. Upon the addition of the
CIO" anion to the system, the linked phenothiazine
component was converted into phenothiazine sulfoxide
(Ui0-68-PTO). Consequently, the PET effect was
entirely abolished, leading to a notable enhancement in
fluorescence properties. Fascinatingly, when VC was
added, the phenothiazine sulfoxide reverted back to
phenothiazine, causing a reduction in the emission

Ui0-68-PT UI0-68-PTO|
MMM MMM
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intensity. This reversible redox transformation was also
evident through a noticeable color change [19].

(D)Qu et al. in 2020, synthesized a Eu** ion-based MOF
(BA-Eu-MOF) with boric acid (BA) functionality for
ultrasensitive “light-on” detection for CH3Hg" and Hg?".
This MOF is metal-based and exhibits the antenna effect
well, but the antenna effect is deactivated due to the
electron-withdrawing effect of BA. However, with the
addition of CH;Hg" and Hg?" ions, the C-B bond of BA is
broken, and the formation of the C-Hg bond occurs. As a
result, the electron-withdrawing characteristic of BA is
entirely removed, while simultaneously, the ligand's
antenna effect is renewed, leading to an improvement in
red emission [20].
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(E) The quenching of fluorescent MOFs by metal ions
can mainly be caused by (1) the destruction of the MOF
structure by the breakdown of the metal ion, or metal
exchange; (2) the formation of strong interactions
between the incoming metal ions and the ligands in the
MOFs. Huang et al. In 2018, the solvothermal production
of an AP** metal-organic framework (MOF), known as
CAU-1-(OH),, was reported, where the ligands' hydroxyl
and carboxyl groups form strong bonds with Bi** due to
Bi's greater affinity for oxygen compared to the MOF's
metal center. Bi is capable of substituting Al within the
MOF, which results in the quenching of fluorescence.
CAU-1-(OH); is able to detect Bi** in water within 24
seconds [21].

(F) Hydrazine is a dangerous substance that is extensively
utilized in areas such as organic synthesis,
pharmaceuticals, and catalysis. Because of its high
enthalpy, it serves as a fuel in rockets and spacecraft.
However, despite its numerous beneficial properties, it is
considered to be both carcinogenic and hazardous.
Consequently, detecting hydrazine is crucial. In 2020,
Biswas et al. discussed the selective and sensitive
identification of hydrazine through a luminescence "turn-
on" process utilizing the zirconium-based metal-organic
framework, Zr-UiO-66-(OCOCH3),. The sensing process
involves a nucleophilic attack by hydrazine on the
acetoxy group, which subsequently transforms into a
hydroxyl group. Thus, the H.BDC-(OCOCHj3), bond is
converted to H;BDC-(OH),; in effect, a type of
deprotection occurs. The increase in MOF luminescence
is due to the formation of H,.BDC-(OH); [22].

365 nm

535 nm

OH

365 nm

10.57647/ijc.2026.1601.12


https://doi.org/10.57647/ijc.2026.1601.12

186 Farrokh, Iran. J. Catal., 2026, 16(1)

(G) In 2019, Silva et al. reported a sensor designed for
ammonia gas that alters its emission wavelength by
swapping the ligands in the metal-organic framework
with ammonia. This sensor is capable of detecting amines
at sub-ppm levels in both gas and aqueous environments
within a time frame of ten seconds. Two ligands have
been synthesized with the 1,2-bipyridylethene and 4,4-
biphenyldicarboxylic acid moieties, where ammonia is
replaced with the 1,2-bipyridylethene ligand, which
causes the destruction of the 3D state of the MOF and
converts it to a 2D state, thereby detecting ammonia [23].

*@* *m

(H) Drug delivery systems (DDS) represent an alternative
approach in drug research that can stabilize medications
and specifically direct them to injured tissues, which
helps reduce side effects and enhance their therapeutic
benefits. Numerous drawbacks associated with small-
molecule drugs can be alleviated through the utilization
of these systems. Sun and et al. in 2021, showed that the
prepared cationic framework UiO-67 CDC-(CHj3), has a
relatively high surface area, hierarchical pore structures,
and positive surface properties, and can effectively and
sensitively encapsulate the electron-rich drug 5-
fluorouracil (5-Fu) through electrostatic attraction with a
very high loading, up to 56.51% (wt%), and secrete the
drug at a pH close to the body's natural pH, such that the
LUMO of the electron-deficient methylated ligand 9H-
carbazole-2,7-dicarboxylic acid is lower than the LUMO
energy level of 5-Fu. Therefore, with 5-Fu as the electron
donor, the electron is transferred from the LUMO of 5-Fu
to the LUMO of the electron-deficient ligand, and PET
occurs, leading to an increase in fluorescence [24].

(I) Due to the growing global population, there has been
anotable rise in antibiotic consumption, which negatively
affects the environment. In this context, Neogi ef al. in
2019 innovatively created a highly luminous porous zinc-
based framework featuring free amino groups. The

activated metal-organic framework (MOF) can identify - G’Oo,, 1
sulfadiazine (SDZ) antibiotics through a process called 3 i 2 -

"fluorescence enhancement." The lowest unoccupied "

molecular orbital (LUMO) of SDZ has a higher energy s 1

level compared to that of the MOF. As a result, electron i ,|as3ev LMo o
transfer happens from the LUMO of SDZ to the LUMO §' ’ 'z'ii::m

of the MOF, leading to an increase in luminescence in the - 4 erettect ™m
MOF. The existence of free amino groups in the MOF praw

framework facilitates intermolecular hydrogen bonding 61 41 _— ’ _n_&“ ”
interactions with the analytes, bringing them into closer A n TV oo
proximity. This proximity enables the possibility of 4 P opia Jpto@SDZ

charge or electron transfer between the MOF and the
analyte [25].
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(J) Nitro explosives encompass a variety of types, with
nitrophenols frequently used in many industrial settings,
such as 2.4,6-trinitrophenol (TNP), which carries
considerable mutagenic and carcinogenic risks to human
health. Consequently, it is vital to create a quick and
effective method for detecting TNP. Wang e al. reported
in 2016 on a Zr-MOF sensor, referred to as UiO-68-
mtpdc/etpde, designed for TNP detection. It was found
that these two explosives diminish the fluorescence of the
MOF by establishing a coordination bond through the
hydroxyl group with the NH group of the MOF ligand
[26].

(K) Gossypol (Gsp) is a toxic compound and biomarker
found in cottonseed, posing a risk to human health. Since
cotton is commonly utilized in the food sector, it is crucial
to monitor GSP levels in cottonseed. Rosi et al. in 2020
demonstrated the selective “bright” detection of Gsp
using a Yb-NH»-TPDC red-peaked bandgap when the
MOF has been combined or bound with Gsp, the
luminescence intensity of Yb3' changs from a non-
luminous state to a highly luminous state in the presence
of Gsp upon binding [27].

(L) A fluorescent metal-organic framework based on
carbazolyl, identified as Cz-MOF-2, has been synthesized
and examined by Yang ef al in 2024. Cz-MOF-2
demonstrates enhanced sensitivity for the fluorescent
detection of organic contaminants such as 2,6-dichloro-4-
(DCN), (NZF),
nitrofurantoin (NFT), achieving detection limits of 3.37 x
107, 1.64 x 107, and 1.76 x 1073 M, respectively. The
mechanisms behind the fluorescence quenching in this
photocatalytic process encompass electron transfer and
competitive adsorption. The incorporation of carbazolyl
groups into the framework has enabled Cz-MOF-2 to
effectively photo catalyze the degradation of organic

nitroaniline nitrofurazone and

contaminants. Experiments involving radical trapping
and electron spin resonance (ESR) detection have
confirmed that the primary active species in this
photocatalytic reaction are O;~and h*. This study
emphasizes the possibilities of metal-organic frameworks
(MOFs) in the customized creation and advancement of
fluorescent sensors and photocatalysts aimed at
environmental monitoring and clean up. It is important to
highlight that this photocatalytic process not only
demonstrates high effectiveness in degradation but also
features low toxicity and is comparatively inexpensive
[28].

2o o
S h
L1 1

n
1

Energy (10° cm™)

4&»

Wirg

p

Gossypol
g W
39—
g s g
zl
£ \
= \
3 \
=
3 | ™M { !
H \
Non-emissive *E 5N NIR emitting
3 o N\
R nion i A A 2 T et
we e ne  uw b
Wavelength (nm)
Intersystem crossing
T;;‘_‘“‘ Energy back-transfer
Energy transfer D,
hv
sﬁ | "FZ
H,ECMTDC ligand  Zr* ions

Blok 24-ONT CON DNE NG 4-NP DCN

Ec.s-o.lScV\
C2-MOF-2-5

k Small molecules
E=2.58¢V

® L™
{ Nl | [10[1 o] [

Blank PCL THI DYZ CAP 'SOZ MOZ NZF NFT
Small molecules

10.57647/ijc.2026.1601.12


https://doi.org/10.57647/ijc.2026.1601.12

188 Farrokh, Iran. J. Catal., 2026, 16(1)

(M) Flexible triazine carboxylic acid ligands are
adaptable ligands that can simultaneously coordinate to
multiple metal ions due to their significant binding
capabilities. In 2023, Bai and et al. developed and created
a new cobalt-based three-dimensional FL-MOF utilizing
this ligand, which successfully catalyzed the
transformation of para-nitrophenol (PNP) to p-
aminophenol (PAP) in a single reduction process,
achieving a yield of 90%. This outstanding catalytic
activity was ascribed to the optimal interaction between
the ligands and PNP, which facilitated electron transfer
during the reduction reaction and effectively reduced the
energy barrier for the reaction. Moreover, the distinct 7t-
electron structure and carboxyl groups present in the

triazine carboxylic acid ligand contribute to the
impressive adsorption capacity of this FL-MOF, which
Bai et al. have utilized for the adsorption of iodine in a
cyclohexane solution [29].

(N) FL-MOFs have been used as effective heterogeneous
catalysts for the novonagel condensation reaction. In
2018, Parmar et al. designed and created two luminescent
2D FL-MOFs, one containing Zn (II) and the other Cd(II).
They have been used environmentally friendly
mechanochemical methods with the flexible ligand 1,3 "o
adamantane diacetic acid (H,ADA), pyridyl-based Schiff
base ligand, and 4-
pyridylcarboxaldehydeisonicotinoylhydrazone (L) as +
linkers. Subsequently, they have been employed | Za“ce*
aldehydes alongside malononitrile at ambient N
temperature for novonagel condensation, achieving S;
remarkable catalytic performance, high yields, and ‘?j"‘"
excellent recyclability of the FL-MOFs, along with the o
notable stability of the catalysts. The proposed catalytic
mechanism is thought to involve the interaction between

H,0

the Lewis acidic metal center and the amide functional
group present in the ligand during the condensation
reaction [30].
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