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In recent years, metal-organic-frameworks (MOFs) have been increasingly
considered as a new category of noble nanomaterials and received
remarkable attention and attained great importance due to their superior
properties such as high porosity and the specific surface area, adjustable
organic linkers- metal clusters connections to use in multifunctional
applications such as using as semiconductor, catalyst, drug delivery, gas
separation, absorption, chemical production, catalysis, and photocatalysis in
photochemical hydrogen evolution for water splitting, CO2 reduction, and
organic reactions fields for specific applications like adsorption and gas
separation, hydrogen and CO: absorption, catalysis, photocatalysis, and
biocompatibility. In comparison with aluminosilicates (zeolites, periodic
mesoporous organosilica (PMOs), and other porous solids, MOFs as new
advanced and novel photocatalysts are becoming multifunctional promising
nanomaterials with impressive results, depicting a bright future of
applications for great purposes, such as semiconductors, photo-responsive
and photocatalysts materials employed in photochemical hydrogen evolution
for water splitting (water oxidation), CO2 reduction, heterogeneous catalysis,
and organic reactions fields.

GRAPHICAL ABSTRACT

Metal organic frameworks (MOFs) and their application as photocatalysts: Part II.

Characterization and photocatalytic behavior
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Introduction

In recent years, Metal-organic-frameworks
(MOFs) as a new group of compounds with high
porosity [1], significant specific surface area,
crystallinity [2], tenability, structural tunability
[3], diversified compound structure [4], and
controllable pore size compared to prevalent
semiconductors, increasingly
recognized as an encouraging category of
promising advanced materials with outstanding
performance for applications
presenting excellent performances
containing drug delivery and medicine [5, 6], gas
separation [7], wastewater purification [8-10],
gas storage [11], adsorption [12], sensors [13],
heat exchange [14], catalysis [15, 16], and
photocatalysis [17-20]. MOFs have
recognized as a promising category of materials
for photocatalytic applications due to their large
surface area and porosity facilitating adsorption
towards chemicals, tunable crystallinity and
optical and electronic properties for efficient
light absorption in the visible region, and finally,
tunable composition and functionality that make
them versatile photocatalysts for an extended
range of reactions [17]. Formerly, in the first part
of our review, “metal-organic
(MOFs) and their application as photocatalysts”,
we tried to comprehensively review the
synthesis,  post-synthesis, and
purification of MOFs. In the second part of our
review, “Metal Metal-organic
(MOFs) and their application as photocatalysts”,
we have made considerable effort to emphasize
the photocatalytic behaviour, characterization,
and application of MOFs as photocatalyists.

have been

versatile
in fields

been

frameworks

structure,

frameworks

Photocatalysis and application of MOFs

Photocatalysis is a promising technology that
uses solar energy for energy regeneration and
environmental remediation. In other words, it is
a significant process of converting
energy to chemical energy [21]. So, it is one of the

solar
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most promising technologies with various
renewable energy  projects  via new
photocatalysts. TiOz, AgzP04, W03, CdS, and ZnS
are some of the most famous compound’s
categories that have illustrated great potential in
the photolysis of water to produce hydrogen fuel,
decomposition or decomposition oxidization of
hazardous compounds photoelectron
conversion. photocatalyst
materials have attracted significant attention in
research in recent years [22].

Most organic photochemistry studies were
performed in homogeneous gas and liquid
phases in the first days. According to high energy
electronically excited states, chemical and
physical routes can occur extensively about light
excitation of organic molecules. Therefore, a
molecule can deactivate by emitting a photon of
longer wavelength (lower energy) than the one

and

chemical New

applied for excitation (fluorescence and
phosphorescence) or can undergo
rearrangement, which causes chemical

transformations and hardening production of a
single product by photochemical reactions and
producing a few compounds due to radiationless
deactivation of excited states [23, 24]. Although
light absorption is a universal phenomenon that
occurs virtually in every organic molecule,
homogenous photochemistry has not been
employed as a favorite synthetic process in
contrast to thermal activation [25]. Single-site
heterogeneous catalyst is a catalyst constituted
by a single metal center, which meansa metal ion,
atom, or small cluster of atoms kept by surface
ligands to a rigid framework. These single sites
are isolated inside the hosting structure [26].
MOFs can serve as single-site photocatalysts
and hold the advantage of the solid nature of
MOF catalysts to facilitate recovery and use
highly costly photocatalysts again by reducing
contamination by the photocatalysts, which
usually consist of heavy metals. Among the
favorite materials to perform the photochemical
reactions of incorporated guests, porous solid
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materials are suitable for photochemistry in
heterogeneous media [27]. The 3D structures of

four groups of porous solids are demonstrated in
Figure 1.

Aluminosilicates

I

Zeolite-Y

MCM - 41

Organic moiety

Periodic Mesoporous Organosilica
(PMO)

Metal Organic Framework
(MOF)

@ Metal ions or clusters

+—+ Organic linkers

Figure 1. 3D structures of four different porous solids [28]

According to the four porous structures shown
in Figure. 1, using a porous matrix is highly
important to provide a rigid cavity in which
permitting the mass transfer and incorporation
inside of the crystals of a photoactive guest can
be performed that causes photo-excitation, and
finally, a photochemical reaction occurs. In fact,
in the case of many of these porous solids, light
excitation induces an electron transmission from
the negative non-metallic element (sulfide or
oxide) to the transition metal cation by
producing a positive electron hole in the non-
metallic element and an electron confined to the
transition metal cation with various energies.

In solids with a high degree of crystallinity, a
not much conductive band gap is called the
valence band (VB), and a conductive band in
which an electron can move throughout the
material and this band is called the conduction
band (CB). These solids show a semiconductor
behavior in which before irradiation and light
excitation, they behave like an isolator, but by
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irradiation, the electron transmitted and diffused
to the conduction band induces the material to a
conductive material. Due to charge transmission
to the outer surface of the material, electrons and
electron holes can react with organic compounds,
which causes the same particle to behave as an
oxidizing (electron hole in the valence band) and
reducing agent (electrons in the conduction
band) at the same time, with different redox
potential depending on the situation of the
valence and conduction bands [28].

The semiconductor behavior phenomenon in a
semiconductor is schematically presented in
Figure 2a. Upon absorbing a photon with higher
energy than the valence-conduction band gap.
Many employed photocatalysts
possess too wide bandgaps (3-3.4 eV) to harness
visible light and a very low surface area for
efficient production.
the photocatalysis process
environment like an atmosphere and in the

commonly

For in an

presence of water, semiconductor behavior
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differs from the simple schematic in Figure 2-a.
In fact, in the atmosphere, by considering the
oxygen ability,
semiconductor irradiation in the air causes the

electron acceptance
production of superoxide (02) and species
derived from it that are noted as reactive oxygen
species (ROS). For the irradiations applied in
water, this molecule can act as a hole quencher,
leading to a proton and the formation of highly
aggressive hydroxyl radicals, which is also
considered one case of ROS. In Figure 2-b, some
general processes schematically shown can be

performed by electrons reaction in the
conduction band with oxygen and positive holes
in the valence band with water. According to
Rauf et al. in 2011 [29], the possibility of all
reactions in photocatalysis processes in the
presence of TiO; is greatly attributed to the
presence of both dissolved oxygen and water
molecules. Without these two, the highly reactive
hydroxyl radicals (OHe) could not be formed,
preventing the photodegradation of liquid-phase

organic molecules.

(a) (b)
0,
Conduction band Conduction band "\
(CB) : (CB) \
€ e \\
4
hy ho
hole hole 3
Valence band Valence band OH
(VB) (VB)

Figure 2. Schematic mechanism of semiconductor behavior. a) semiconductor phenomenon upon
absorbing a photon with higher energy than the valence-conduction band gap. b) semiconductor
acting simultaneously as oxidizing (the positive hole) and reducing (electrons in the conduction band)

agent.

Despite MOFs' remarkable advantages and
superior properties as photocatalysts, some
restrictions limit their use in photocatalytic
applications, such as low conductivity and
stability pair
recombination [30]. Thus, various strategies
better be applied to enhance the photocatalytic
application potential of these materials, such as

and extensive electron-hole

the formation of a heterojunction with a narrow
band gap semiconductor, the insertion of an
amino group in the organic linker, and the
introduction of a MOF, backbone [31]. Two-
dimensional (2D) materials received
attention as promising
semiconductors for forming a heterojunction to
develop more efficient photocatalysts with high
charge-carrier mobility and current stability,

have
considerable
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thermal stability, and conductivity [32]. They
could be classified as a group of materials having
layered structures,
inorganic, and hybrid materials,
graphene, graphite, graphitic carbon nitride (g-
C3N4), specific transition metal oxides, transition-
metal-dichalcogenides (TMDs, such as MoS,, TiS,,
TaS;, WS, MoSe; and WSey)
semiconductors [33-35]. The superior physical
and chemical properties of 2D photocatalysts
make them different from other materials due to
their layered structure with a high specific
surface area due to in-plane chemical bonds and
van der Waals forces between the layers [32, 35].

In MOFs, the organic linker acts as VB, and the
metallic cluster plays the role of CB. Remarkably,

including many organic,
such as

and other

the process for an organic semiconductor is also
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described as occurring between the highest
occupied molecular orbital (HOMO) and the
lowest unoccupied molecular orbital (LUMO)
[36-38].

In recent years, TiO; has been widely utilized as
a well-studied and highly useful photocatalyst
[39-49] and semiconductor [50-53]. Although
MOF, as a new multifunctional material type
introduced recently by researchers, can be an
excellent and suitable alternative material as a
semiconductor [54]. TiO2 in the anatase form is
the most critical photocatalyst. Its presence in
different forms significantly
structure of the MOF metal clusters core and its
connection to the linkers. For example, MIL125
MOF is an actual example of a photoactive metal
cluster consisting of a cyclic octamer of edge and
corner-sharing TiOs octahedral connected by
BDC ligands. An efficient photoinduced charge
dissociation between the TigOg(OH)s units and
the linker is established. The metal-to-ligand
interaction develops in 3D space, defining empty
spaces, indicated as cages, which causes getting
access into the smaller channels [55].

According to the photocatalytic application's
structure of MOFs, an organic compound linker
may make MOFs more adaptable to many
functions than zeolites. Generally, pure zeolites
and aluminosilicates do not absorb UV radiations
of wavelengths longer than 220 nm. A famous
MOF (MOF-5) has an absorption spectrum with
an onset at 450 nm. Thus, this MOF can be
encountered with photochemical processes upon
photoexciting the organic linker [56].

The intimate connection of organic linkers with
metal significantly affect the
sensitivity of metal clusters caused by the
organic linkers, a basic phenomenon termed the
“antenna effect” [28]. The antenna effect is
attributed to MOFs with rare earth metal
compounds such as Lanthanum coordination
compounds and their metal clusters' sensitivity
to organic linkers for photoluminescence
application [57-59]. Allendorf et al., in 2009 [57],

influences the

clusters can
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reported the critical role of the linker in MOF
luminescence, in which, for example, lanthanide-
based typically requires an
antenna molecule in the framework for energy
transfer.

Today, MOFs are the most porous materials,
possessing an extensive surface area and too
high internal pore volume due to the metal-
ligand interaction's directionality and the organic
linkers' low weight. For instance, Zeolites, as a
famous substance, has a specific surface area
value of 400 m2g-! or below and pore volumes of
0.2 cm?g! or smaller. Periodic mesoporous
aluminosilicates (PMAs) such as MCM-41 or SBA-
15 can have a BET area over 1000 m2g! and a
pore volume of 0.5 cm? gl. MOFs have been
reported highest porous structures, which
possess a specific surface area above 5000 m2g-!
and pore volumes above 1 cm?g?! and also the
lowest framework density, weight per nms3,
which means the lowest ever reported [60].

The extremely wide-open structure of MOFs
provides the free space available for host
molecules reaching up to 90% of the crystal
volume [61]. Due to the large surface area and
pore volume, one of the main applications of
MOFs is for utilization as absorbents for gas
separation and as the stationary phase in liquid
chromatography. Hydrogen and CO, absorption
[62-64], and heterogeneous catalysts [65-67] are
also regarded as other examples in which MOFs
are beneficial materials for these applications.

In this regard, the porosity of MOFs provides a
large and highly suitable surface area and
accessibility of the substrates to
accomplishment of photochemical
since linkers present visible absorption bands
that can photosensitize the small metallic
clusters causing efficient charge separation.

Developing efficient MOFs as photocatalysts and
decreasing the semiconductor particle
induces a limitation concerning MOFs structures
with
quantum dots. Therefore, a limitation is induced

luminescence

fully
reactions

size

isolated clusters of semiconducting
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due to some of the metal clusters' structural
nodes, which leads to the reduction of metal
atoms to the minimum possible number and also
the assurance of no agglomeration of quantum
dots possibility is achieved by the linker. Thus,
the linker could play two roles as an antenna,
isolating the semiconducting quantum dots,
absorbing light of the appropriate wavelength,
and transmitting energy to the non-absorbing
quantum dot. In this regard, the MOF structure
will be appropriated as a photocatalyst due to
good absorption bands by the ability of linkers
and the metallic clusters to act as quantum dots.
A photocatalyst has to merge some of the
essential characteristics of a catalyst, such as
high surface area and single site composition,
with other specific essential properties for an
appropriate light interaction, like effective
photophysical processes, an adequate absorption
spectrum, and long lifetime of excited states [28].

MOFs Photochemical Activity

To develop photoactive materials based on
MOFs, three general approach classification [28,
68] are shown schematically in Figure 3.

In the first approach, MOF can be used as a
porous 3D matrix to confine a chromophore
responsible for the photochemical properties. A
chromophore is a molecule part responsible for
its color. In fact, in this strategy, the MOF
structure matrix and porosity positions play a

MOFs as photocatalysts

. Metal clusters

ﬂ] Organic linkers

key role by producing a reaction cavity in which
the reaction occurs for photochemical activity.
Thus, the chromophore is isolated due to the
MOF rigid structure. This rigid structure can also
immobilize and induce intramolecular events.
This strategy still needs modification for MOFs
because it is also observed for reported zeolites
and other microporous and mesoporous porous
solids [28].

In the second approach, the semiconducting
quantum dots properties will be used and
derived from the metallic clusters' existence [54].
In this strategy, charge separation occurs due to
the light absorption on the organic linker by
creating an electron in the metal cluster and a
hole in the the electron-rich linker. This charge
separation also occurs in most semiconductors
and can transform light into chemical energy [69,
70].

And finally, in the third approach, MOFs organic
linkers are modified. They will be converted into
photo-responsive units after the synthesis
process (post-synthetic modification), or the
MOFs will be synthesized by photo-responsive
organic ligands [71-73]. Due to the high
photochemistry propensity of most organic
groups, this approach can be applied to develop
whole categories of photo-responsive solids with
the application as sensors in photoluminescence,
photochromics, and other applications based on
the organic compounds' inherent activity [28].

Organic linkers Post-synthesis
modification of MOFs

MOFs pores acting as host for
photochemical processes

Figure 3. Different strategies for developing photoactive materials based on MOFs
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MOFs as Photocatalysts

Due to the presence of catalytically active
metals and functional organic linkers, the easily
tailorable physical
together with the

and chemical functions,
large surface area and
permanent pores/channels to potentially
anchor/encapsulate photosensitizers
catalytic moieties, MOFs hold and have already
shown great opportunities for heterogeneous
photocatalysis to operate
photosynthetic including
splitting [4, 5], CO2 reduction [6-8], and organic
photosynthesis [9, 10]. Nowadays, using of MOFs
as photo-catalysts has increased dramatically.
The first study of a MOF as a photo-catalyst to

degrade organic pollutants was reported by

404
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Mahata et al. in 2006 [18]. Garcia et al., in 2007
[56, 74], investigated the photocatalytic
properties of MOF-5(Zn) in phenol degradation
and demonstrated that MOF-5 showed reverse
shape-selectivity.  They that the
terephthalate linkers could absorb light and
sensitize the semiconductor dots.

In 2008 [69], Gascon et al. studied the influence
of organic linkers on the photocatalytic activity of
MOF-5. It has been shown that changing the
organic linker can adjust the band gap energy of
MOFs shown in Figure 4. Their results showed
that naphthalene-dicarboxylic acid as a linker
performed the best catalytic activity in the
photooxidation of propene [69].

found

MOF

Figure 4. The band gap value of different MOF linkers [69]

Dan-Hardi et al, in 2009 [55], synthesized MIL-
125(Ti) for the first time. A high photonic
sensitivity was observed from this hybrid MOF
substance for forming Ti(IlI)-Ti(IV) mixed
valence under UV-visible in the
presence of alcohols and titanium centers, and
absorbed
molecules happened at the same time. A recent
study done by George et al. in 2017 [75] on this
MOF type (MIL-125(Ti)) which was quickly
synthesized by a microwave technique, resulted

irradiation

oxidation-reduction  of alcohol
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in possessing a band gap energy of 3.14 eV that
could degrade MB to ca. 96.77% in 6 h under UV-
light irradiation.

The first study on Ui0-66, an ordinarily water-
tolerant Zr-containing MOF, was done by
Xamena et al. in 2010 [76]. Later studies were
done on this MOF type in the visible-light-driven
photocatalytic degradation of MO (Methyl
Orange) [77] and degradation of MB (Methylene
Blue) under UV-light irradiation [78].
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Li et al. in 2012 [79], investigated amine-
functionalized Ti-based porous MOF (NH:-MIL-
125(Ti) (TisOs(OH)4(NH2-BDC)s, BDC = benzene-
1,4-dicarboxylate) as an efficient photocatalyst
for CO, reduction under visible-light irradiations
[38]. The MOF showed a visible absorption band
that extends to 550 nm due to enhancing the
amino group. During the photocatalytic reaction,
CO; was reduced into HCO,  photochemically in

0,...0
visible,
‘_’
H,N light

NH,-MIL-125(Ti)

acetonitrile with triethanolamine (TEOA) as the
sacrificial reducing agent, as seen in Figure 5. It
was suggested that an endured charge transfer
excited state was created and reduced by TEOA
to give a Ti3* center which in turn caused a
reduction of CO; to give HCO2. NH,-MIL-125(Ti)
showed few photocatalytic activities for
photochemical CO; reduction, with a TON of 0.03
per Ti attained within 10 h.

TEOA™

NH,-MIL-125(Ti)
TEOA

Figure 5. Proposed mechanism for the photocatalytic CO; reduction of NH,-MIL-125(Ti) under visible

light irradiation [79]

In 2014 [80], Zhang and Lin reviewed MOFs
artificial photosynthesis and photocatalysis and
focused on fundamental principles of energy
transfer.  Photocatalysis and the latest
advancements of MOF applications in energy
transfer, light-harvesting, CO; reduction, and
water oxidation.

Mosleh et al., in 2016 [80], synthesized a new
composite of mesoporous materials, HKUST-1
metal-organic framework, and SBA-15 and
applied it to the simultaneously visible light
photodegradation of a binary mixture of safranin
O and malachite green. The photodegradation
process was done in a rotating packed bed
reactor (Figure 6) to increase mass transfer and
irradiance distribution. Due to high rotational
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speed, thick liquid films are converted into thin
layers and small droplets by creating a rigorous
centrifugal field. Therefore, the interfacial area
between pollutants and photocatalyst particles
increases, and mass transfer is improved
dramatically. They have attained optimum values
for maximum efficiency using HKUST-1- BA-15 at
an MG concentration of 10 mglL-, SO
concentration of 15 mg.L-1, a rotational speed of
900 rpm, a solution flow rate of 0.4 Lmin-1,
HKUST-1-SBA-15 dosage of 0.25 glL-1, and
irradiation time of 80 min. The maximum
photodegradation percentages of MG and SO
obtained were 98.8% and 88.7%, respectively.
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photodegradation of a binary mixture of safranin O and malachite green [80]

Direct oxidative condensation between o-
aminothiophenols and alcohols to produce 2-
substituted benzothiazoles under visible light
irradiations using O, as an oxidant over MIL-
100(Fe) and MIL-68(Fe), two Fe-based MOFs
were reported by Wang et al. [81], in which their
study not only provided an economical,
sustainable, and thus green process for the
production of 2-substituted benzothiazoles but
also proved the potential of using TAS to explain
the activity data and perceive the photophysics of
MOFs, that make them multifunctional catalysts
as great alternatives for light-induced organic
transformations.

Ramezanalizadeh and Manteghi, in 2018 [82],
prepared MOF-based composite MOF/CuWO,
with different weight ratios by an easily achieved
route and assessed the photocatalytic
performance of them for the degradation of
methylene blue (MB) and 4-nitrophenol as water

pollutions. They have concluded that the
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MOF/CuWO0. composite with a weight ratio of
(1:1) exhibited superior photocatalytic activity
toward the degradation of the contaminants
under LED light irradiation. Due to the MOF high
surface area, efficient separation of electron-hole
pairs was observed.

Thakare and Ramteke, in 2018 [83], reported a
novel MOF-5 compound photocatalyst
construction by interacting 8-Hydroxyquinoline
with MOF-5 synthesized through a room
temperature method. They have done the
secondary complex formation between the Zn
cluster with 8-Hydroxyquinoline to harness
visible light and acted as a mediator to transfer
photo-induced electrons to MOF-5 to enhance the
photocatalytic reaction rate with visible light.
They have validated their assert using
photocatalytic phenol degradation as a
representative organic pollutant under visible
light irradiation.
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Coupled TiO; nano-sheets and MOF (NH»-UiO-
66) were effectively used in an in-situ growth
strategy to form bi-functional materials for the
combined capture and photocatalytic reduction
of CO; under UV-visible light irradiation by Crake
et al. in 2018 [84], in which the improvement
photoactivity to the enhanced abundance of long-
lived charge carriers was observed as unveiled
by transient absorption spectroscopy (TAS).

h

1 i L |}

Det: SE | 2pm
- 04 |

SEM HV: 15.0 kV WD: 5.49 mm

View field: 8.30 um

In 2019, Mahmoudi et al. [85] synthesized and
characterized a metal-organic framework (MOF-
199) as a nanoporous material using FESEM,
EDS, FTIR, XRD, BET, and TGA. They utilized
Basic Blue 41 for assessing the photocatalytic
activity of MOF-199. The FESEM image in Figure
7, demonstrates that a nanoporous MOF was
synthesized.

SEMHV: 15.0kV |
View field: 2.07 pm ]
M mAG. 101io D

WD: 5.49 mm
Det: SE
/vy 0

I |

500 nm

MIRA3 TESCAN

Figure 7. FESEM images of the synthesized nanoporous MOF-199 with different scales (a) 2 pm

and (b) 500 nm [85]

Contaminant degradation was enhanced by
increasing the catalyst dose, and it was lowered
by initial dye concentration, so as the
decolorization rate by diminishing the pH of the
solution as a result of the electrostatic repletion
of the cationic dye from the surface of MOF-199.
Finally, their results proved the potential of the
synthesized nanoporous metal-organic
framework-199 as a photocatalyst for
decolorizing wastewater.

MOFs can facilitate the development of
composites with other semiconductors to
generate Z-scheme heterojunctions that can
effectively prevent the
photogenerated charges. For instance, Chatterjee
etal. in 2022 [17] constructed sensible Z-scheme

recombination of

heterojunctions in MOFs to mimic natural

photosynthesis, providing MOF-based Z-scheme
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photocatalysts with higher light-harvesting
capacity, spatially separated oxidative and
reductive active sites, and well-preserved redox
ability.

Due to the high specific surface area, high
porosity of MOFs, and excellent visible light
response of CdS, Jing et al. in 2022 [86]
constructed the CdS/Cd-MOF nanocomposites by
in-situ sulfurization to form CdS via Cd-MOF as
precursor while the CdS loading controlled by
the dose of thioacetamide. The larger specific
surface area of the composite catalysts provided
more active sites according to the higher
degradation rate of methylene blue (MB) by
10mg MOF/CdS-6 (mass ratio of MOF to
thioacetamide was 6:1) was 91.9% in 100 min,
which was higher than that of pure Cd-MOF
(62.3%) and pure CdS (67.5%). Their Mott-
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Schottky  model

effective inhibition of photogenerated electrons
and hole recombination due to the generated

experiment

demonstrated

type-II heterojunction between Cd-MOF and CdS.

Table 1. Pristine MOFs for photocatalysis and their corresponding applications

MOF types

MOF-5

MOFs with changed
linkers of MOF-5

MIL-125

Ui0-66

ZIF-8

MIL-53(M) (M=Fe, Al,
Cr)

UTSA-38

Fe(Ill)-based MOFs

NTU-9

MOFs with changed
linkers of Ui0-66

MIL-100, MIL-68

MIL-53 (Fe)

ZIF-67

MIL-100(M) (M = A],
Fe, V, Cr)

Applications

Phenol degradation

Propylene oxidation

Alcohols oxidation, MB
(Methylene Blue)
degradation

H: production

MB (Methylene Blue)
degradation

MB (Methylene Blue)
degradation

MO (Methyl Orange)
degradation

Rh6G degradation, O
production

RhB, MB (Methylene Blue)
degradation

MO (Methyl Orange)
degradation

Benzene hydroxylation

Cr(VI) reduction, dyes
degradation and water
oxidation

Cr(VI) reduction

MB (Methylene Blue)
degradation
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Light
source

uv

uv

uv

uv

uv

UV-vis,
visible

UV-vis

Visible

Visible

Visible

Visible

Visible

UV-vis-NIR

uv

Year

2007, 2008

2008

2009, 2017

2010

2014

2011

2011

2013,2016

2014

2015

2015

2015,2017

2016

2016

And finally, the MOF/CdS-6 illustrated good
photocatalytic performance after five cycles,
indicating outstanding stability and reusability.

Ref.

[74, 89]

[69]

[55, 75]

[91, 92]

[95-97]

[98, 99]

[100]
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Unique hybrid structures were constructed
between a Ce-based MOF (Ce-MOF) and graphitic
carbon nitride (g-C3N4) materials by Durmus et
al. in 2023 [87], in which g-C3N4 materials were
prepared by five various methods: conventional
pyrolysis, chemical exfoliation by a strong acid,

activation by an alkaline hydrothermal
treatment, melamine-cyanuric acid
supramolecular assembly with a
mechanochemical method, and by the

solvothermal pre-treated method. The structural
and morphological properties of the resulting g-
C3N4 sheets and their composites were also
characterized via SEM, XRD, FTIR, TGA-DTG, UV-
vis spectroscopy (UV-vis DRS), and N2 sorption-
desorption isotherms (BET). The photocatalytic
performance of the composites was assessed
through the photocatalytic degradation of
methylene blue (MB) in an aqueous solution
under UV-visible light irradiation. Finally, the
photocatalytic efficiency of the Ce-MOF/g-
C3N4-TS composite was significantly higher
than that of their counterparts (Ce-MOF or g-
C3N4-TS) for the photocatalytic degradation of
MB.

Table 1 shows MOFs for photocatalysts and their
corresponding applications. These pristine MOF
types of photocatalysts are rare and hard to
adjust quickly. However, there are other
modified MOFs than pristine form for
photocatalysis, which has been well-studied and
reviewed [88].

Conclusion and Remarks

This review article tried to cover several key
conclusions emphasizing the importance of
providing MOFs as a new approach to noble
materials due to their unique well-ordered
porous structure, high specific surface area,
linkers- metal clusters

adjustable organic

connections to use in  multifunctional
applications such as using as semiconductor,

catalyst, drug delivery, gas separation,

183

absorption, chemical production, photocatalysis
in photochemical hydrogen evolution for water
splitting, CO2 reduction, and organic reactions
fields. The MOFs structure plays a crucial role in
their unique properties, and an appropriate
synthesis technique is employed to achieve the
desired properties. It is concluded that MOFs, as
a new advanced and novel photocatalyst, are
promising  multifunctional with
impressive results, indicating a bright future as

materials

semiconductors, compared to aluminosilicates

(zeolites, periodic mesoporous organosilica
(PMOs) and other porous solids, photo-
responsive  and  photocatalysts = materials

employed in photochemical hydrogen evolution
for water splitting (water oxidation), CO;
reduction, heterogeneous catalysis, and organic
reactions fields.
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