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ABSTRACT: Photocatalytic degradation of toxic organic compounds in water, soil and air by semiconductor catalysts
such as TiO

2
 and ZnO has received much attention over the last two decades. However, the low quantum yield, easy

agglomeration and difficult post-separation of these inorganic catalysts limit their application for large-scale applications.

Metal-organic frameworks (MOFs) are the latest class of ordered porous solids that being intensively studied as a
novel class of hybrid inorganic�organic material with ultrahigh porosity, enormous internal surface areas, together

with the extraordinary tailorability of structure, dimension, size and shape. Recently exploring performance of MOF as
a new nanophotocatalyst is attracting interest of researchers working in the fields of chemistry, chemical engineering,
material scienceand others. Although the photocatytic application of MOF materials is still at the early stage compared
with the other applications of them such as gas storage, separation, biomedical application and heterogeneous catalysis,
the currently available results have revealed that the design and construction of MOFs for photocatalyst functionality
are very active. The present review aims tointroduce MOF materials, the synthesized methods and highlights the
progress attempts for using the mas a nanophotocatalyst for degradation of pollutants.
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INTRODUCTION
With the rapid development of global industry,

environmental pollution has become a serious problem
for mankind [1]. Combustion byproducts, industrial
chemicals,surfactantsand pesticideshave resulted in
their undesirable accumulation in the environment.
Severalpollutants are soluble in water and have been
found in groundwater, surface water, drinking water
andsewage water.Non-biodegradable characterand
different nature of these compounds make conventional
environmental purification methods (biological,
physical and chemical methods) unable to effectively
eliminate them [2]. Photocatalysis is aoneof the
advanced oxidation processes (AOPs) that has attracted
considerable attentionto researchersdue to fact that they
can effectivelyremove environment pollution under UV
and/or visible light. This process base on thehydroxyl
radical production using a photocatalyst. Hydroxyl
radicalisa very powerful oxidant capable of oxidizing
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a wide range of organic compounds with one or many
double bonds [3]. The photocatalytic activity is due to
photo-induced electrons and corresponding positive
holes that are formed.  A good photocatalyst must have
high photon conversion efficiency in addition to the
high specific surface area [4]. Researchers examine
different organic pollutants for exploring
theperformance of a photocatalyst. Some organic
pollutants treated are methyl orange (MO) [5],
rhodamine-B (RhB), malachite green (MG) [6],
methylene blue (MB) [7], methyl violet (MV) [8],
orange G (OG) [9] and phenol compounds
[10].Photocatalytic reactions may occur
homogeneously or heterogeneously. In the homogenous
photocatalysis,the photocatalystand the reactants exist
in the same phase. (H

2
O

2
/UV), photo-fenton, ozone (O

3
/

UV) and transition metal complexes with photoredox
ability are the most usual homogenousphotocatalysts
[11]. However, homogenous photocatalysis has limited
industrial applications due to the difficult and costly
catalyst separation and recovery as well asthe corrosion
of the equipment used [12]. In the heterogeneous
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photocatalysis,the reactants is in a different phase from
the photocatalyst. This process use
semiconductorparticles as photocatalysts [13]. The
heterogonous photocatalysis hasmain advantages of:
complete mineralization or formation of more readily
biodegradable intermediates, no need of auxiliary
chemicals, no residual formation, easy operation and
maintenance for the equipment.Nevertheless, this kind
of photocatalysis also has some drawbacks: First of
all, lowphotocatalytic efficiency of the known
semiconductors brought by electron-hole
recombination and narrow photoresponse, Secondly,the
suspended photocatalyst particles contaminate the yield
and need to be removedand finallyusing of small
particles that have large surface area to volume ratio
and therefore, high surface energy lead to catalyst
agglomeration [14]. Therefore, there are increase
demand tonew strategies and photocatalysts
toimprovephotocatalytic efficiency, avoid the filtering
process and increase catalyst durability. The best known
strategy is immobilizing semiconductor powders onto
a suitable supporting matrix [15, 16]. However, the
photocatalytic activity of immobilized particles has
been often lower due to lower a surface area to volume
ratio and mass transfer limitations[17].Nanoporous
materials are the best candidate for immobilization of
semiconductor photocatalysts because of high porous
nature that give them favorable surface area.
Nanoporous materials can be subdivided into 3
categories according to the size of the pores:
Microporous materials(0.2-2 nm), Mesoporous
materials(2-50 nm) and Macroporous materials(50-1000
nm) [18]. They encompass a very broad range, from
natural to synthetic, inorganic to organic, and
crystalline to amorphous [19]: Nanoporous carbon
materials [20], nano/mesoporoussilica [21] and zeolites
[22] are examples of such materials studied for many
years. The photocatalyst containing nanoporous solids
show better photocatalysis properties because of:
i) They provide a high surface area that have capacity
to adsorb organic contaminants from surroundings with
subsequent photocatalytic degradation of the
adsorbents, ii) by dispersion of photocatalysts in the
space pores of a nanoporoussolid, transition metals can
behave as chromophores and thus help in visible light
absorption and iii) nanoporous structures couldact as
electron donors and as acceptors to the guest species
depending on the adsorption site and change the
kinetics of electron-hole recombination and influence

the photocatalysis efficiency [23]. Metal organic
frameworks (MOFs) are new nanoporous materials
that recently take into consideration as novel

nanophotocatalyst materials. MOFs are organic-
inorganic hybrid structures made up of extended 3D
networks of small discrete clustersormetal ions
connected through multidentate organic ligands [24,
25].  The crystal framework of MOFs is analogous to
that of zeolites and other related purely inorganic
porous materials, but there are clear differences
between them concerning porosity, range of stability,
and feasibility of building a crystal structure by design.
In particular, MOFs exhibit values of specific surface
areas of up to 3000 m2 g-1 and specific pore volumes
of up to 1 g cm-3, which are among the highest values
ever reported for any material. MOFs have an
extremely wide-open structure in which the free space
available for host molecules can reach up to 90% of
the crystal volume [26]. Also, in the case of MOFs, it
is possible to achieve a fine control over the chemical
environment and the topology of the internal voids by
selecting appropriate building blocks and the way in
which they are connected. However, due to the presence
of organic building blocks, MOFs are obviously much
less stable than zeolites in thermal and chemical
environment. On the other hand, MOFs may show their
superior behavior when used in room temperature
applications that require a response from the material.
As compared to activated carbon and traditional
inorganic porous solids, the number of possibilities for
combining organic and inorganic moieties to yield a
porous material is staggering. The crystalline nature
of MOFs permits their structures to be clearly
characterized by single-crystal X-ray diffraction. To
some extent, MOFs have a higher degree of
adjustability and design ability in their structures, when
compared to other porous materials Table 1 Compare
photocatalysisprocess on thetwo reported MOFs
andother nanoporous materials in the degradation of
methyl orange (MO) as a pollutant model. As reveal
from Table 1 the photocatalytic activity of porous
material apart from MOFs is activeby UV light
irradiation or have little efficiency in the visible light.
Solar irradiation has about 3-5% UV light. Therefore,
the development of photocatalysts for the pollution
degradation that respond to visible light and, thus, can
effectively utilize sun light, is extremely important. In
the above pointed that MOFs have the ability to
synthesis with different ligands.
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Putting an auxochromic andbathochromic group in
the aromatic ring would shift the absorption wavelength
of the parent ligand into the visible-light range give
them good photocataytic property in the visible region.

Historical aspects of MOF
During the development of MOFs, because of the

lack of a generally accepted definition, several other
parallel appellations were also appeared and used.
Despite some varying opinions, it is generally accepted
that the work of Hoskins and Robson in 1990, where
they introduced a �design� flavor to the construction

of 3D MOFs using organic molecular building blocks
(ligands) and metal ions, symbolizes a new chapter in
studying MOFs [27]. After about 10 years, two
milestone MOFs, MOF-5 (Zn

4
O(bdc)

3
, bdc = 1,4-

benzenedicarboxylate) [28] and HKUST-1 (Cu
3
(btc)

2
,

btc = 1,3,5-benzenetricarboxylate) [29], further
promoted the development within this field, mainly due
to their robust porosity. Shortly thereafter, another
representative MOF, MIL-101 (Cr

3
OF(bdc)

3
) [30] with

high stability, emerged. Among various names used for
these materials, porous coordination polymer (PCP)
[31, 32] has been the most widespread, followed by
porous coordination network (PCN) [33]. Others
include MCP (micro porous coordination
polymer)[34], MAF (metal azolate frameworks) [35],
ZMOF (zeolite-like metal organic framework) [36] and
ZIF (zeoliticimidazolate framework) [37]. On the other
hand, following the tradition of zeolite science, some
researchers have also used an acronym of the laboratory
in which the material prepared was the basis for naming

their materials, as for example in the ITQMOF (Instituto
de TecnologíaQuímica metal organic framework) [38],

series of MILs (mat_eriauxs de l�Institut Lavoisier) [39],

HKUST (Hong-Kong University of Science and
Technology) [40], SNU (Seoul National University) [41],
JUC (Jilin University China) [42], CUK (Cambridge
University_KRICT) [43], POST (Pohang University of
Science and Technology) [44], and so on. Certainly,
using the empirical formula of the material expressing
metal, ligands, and their stoichiometry is always
popular and used in almost all published papers. In
addition, based on the structure of an MOF�s net,

O�Keeffe and co-workers proposed a systematic

terminology to classify the known structures. A three-
letter symbol, such as �dia�, �cub�, etc., or its extension

(�pcu-a�, �cub-d�, etc.) has been used to identify a

three-dimensional (3D) MOF network with a given
geometrical linkage topology [45]. This approach can,
thus, help describe and understand structures and also,
provide a blueprint for the design of new materials [46].

Synthesis method
Normally, MOF synthesis takes place in a solvent

and at temperatures ranging from room temperature to
approximately 250C [47, 48]. The energy is generally
introduced using conventional electric heating, i.e., heat
is transferred from a hot source, the oven, through
convection. Alternatively, energy can also be
introduced through other heat creators, such as an
electric potential, electromagnetic radiation,
ultrasound, or mechanically. The energy source is
closely related to the duration, pressure, and energy

Nanoporous name Comment Ref 

Zeolite-Y 
10%w/w loading of TiO2   on zeolite,  MO concentration  5  pp m, visible ligh t source (tungsten 400  
W lamp ), time 240 min, degradation efficiency 42%. 

[104] 

Nanoporous silica 
TiO2 immobil ized on silica prepared by 10.04 g fu med si lica and 10 mL of b utyl ti tanate 
precursors, M O concentration 10 ppm, UV light sou rce (15 W), time 24 h, degradation efficiency 
100%. 

[105] 

MCM-41 10%w/w loading of TiO2   on MCM-41, MO concentration 2 ppm, UV light source (15 W), time 
15 min , degradation efficiency 100%. 

[106] 

Activated carbon 
47% w/w loadin g of TiO2 on activated carbon, MO concentration 1mmol/L, UV l ight source (40 
W), time 16 0 min, degradat ion efficiency 100%. [107] 

Zirconium�UiO-66 MOF Visible ligh t source, MO concentration 10 ppm, time 90 min, degradation efficien cy 100%. [108] 

(UTSA-38) MOF UV-Visible l ight source, MO concentration 20  pp m, time 120 min, degradation efficiency 100%. [109] 

 

Table 1: Comparison of the photocatalysis process of some nanoporous materials in the degradation of MO.
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per molecule introduced into a system [49]. Each of
these parameters can have a strong influence over the
product formed and its morphology. In the following,
different synthesis routes are described wherein energy
is introduced through: Conventional synthesis and by
other heat source: Electrochemical Synthesis(an
electric potential), Mechanochemical Synthesis
(mechanical means), Microwave-Assisted Synthesis
(microwave irradiation) and Sonochemical Synthesis
(ultrasound).

Conventional synthesis
The reaction temperature is one of the main

parameters in the synthesis of MOFs. The term
conventional synthesis is usually applied to reactions
carried out by conventional electric heating.
Conventional synthesis can be divided in two groups,
solvothermal and non solvothermal whichrepresent the
kind of reaction setups that use. Solvothermal reactions
take place in closed vessels (autoclaves) near critical
point of the solvent. Nonsolvothermal reactions
synthesis requirement is simple and take place below
or at the boiling point under ambient pressure. The
latter reactions can further be classified as the ones
taking place at elevated temperatures or the ones at
room-temperature [50, 51]. Methods such as slow
diffusion of reactants into each other,solvent
evaporation from a solution of reactants, and layering
of solutions lead to concentration gradients that allow
the formation of MOFs. Concentration gradients can
also be done using temperature as a variable, i.e., by
slow cooling of the reaction mixture or applying a
temperature gradient. Also some important MOFs have
even been obtained at room temperature by just mixing
the starting materials [52, 53].

Electrochemical synthesis
The electrochemical synthesis of MOFs was first

reported in 2005 by researchers at BASF [54]. Their
main objective was the exclusion of anions, such as
nitrate, perchlorate, or chloride, during the syntheses,
which are of interest in large-scale production
processes. Rather than using metal salts, they are
continuously introduced through anodic dissolution to
the reaction medium, which contains the dissolved
linker molecules and a conducting salt. The metal
deposition at the cathode is avoided by using protic
solvents, but in the process, H

2
 is formed. Another

option is the use of compounds such as acrylonitrile,

acrylic, or maleic esters that are preferentially reduced.
Other advantages of the electrochemical route for
industrial processes are the possibility to run a
continuous process and obtain a higher solid content
compared to normal batch reactions [55].

Mechanochemical synthesis
Mechanical force can induce many physical

phenomena (mechanophysics) as well as chemical
reactions [56]. Mechanochemistry has a long history
in synthetic chemistry [57] and it has recently been in
inorganic solid-state chemistry, organic synthesis, and
polymer science [58, 59]. Its use for the synthesis of
porous MOFs was first reported in 2006 [60] and the
results of selected mechano chemial studies were
summarized recently [61]. In mechanochemical
synthesis, the mechanical breakage of intramolecular
bonds followed by a chemical transformation takes
place; for example, with the solvent-free grinding of
Cu(OAc)

2
.3H

2
O and isonicotinic acid [62]. Treatment

of the starting materials for 10 min in a 20 mL steel
reactor containing a steel ball led to a highly crystalline
and single-phase product of [Cu(INA)

2
] with acetic acid

and water molecules in the pores [63]. These can be
removed by thermal activation to yield the guest-free
porous compound. Interestingly, the grinding was only
required to initiate the reaction. As proven by XRPD
experiments, a sample ground for just 1 min yielded a
single-phase product in the course of 6 h.

Microwave-Assisted Synthesis
Microwave-assisted synthesis relies on the

interaction of electromagnetic waves with mobile
electric charges. These can be polar solvent molecules/
ions in a solution or electrons/ions in a solid [64]. In
the solid, an electric current is formed and heating is
due to the electric resistance of the solid. In solution,
polar molecules try to align themselves in an
electromagnetic field and in an oscillating field so that
the molecules change their orientations permanently.
Thus, by applying the appropriate frequency, collision
between the molecules will take place, leading to an
increase in kinetic energy, i.e., temperature of the
system. Due to the direct interaction of the radiation
with the solution/reactants, MW-assisted heating
presents a very energy efficient method of heating.
Thus, high heating rates and homogeneous heating
throughout the sample are possible. Attention must be
paid to the choice of appropriate solvents and selective

A. Majedi et al.



Int. J. Nano Dimens., 7(1): 1-14, Winter 2016

5

energy input, since starting materials may strongly
interact with the MW radiation. Microwave ovens
suited for materials syntheses allow one to monitor
temperature and pressure during the reaction, thus
ensuring a more precise control of reaction conditions.
Nevertheless, transfer of the syntheses to MW ovens
from different vendors is often critical, since these
differ in their specifications. MW assisted MOF
syntheses have mainly focused on (1) the acceleration
of crystallization and (2) the formation of nanoscale
products, but it has also been used (3) to improve
product purity and (4) help the selective synthesis of
polymorphs [65]. For example Choi et al synthesized
MW MOF-5 efficiently within several minutes and its
physicochemical and textural properties were very
similar to those synthesized by the conventional
hydrothermal heating [66].

MOF for photcatalyst use
Photocatalytic process

Since Fujishima& Honda (1972) [74] discovered
the phenomenon of ultraviolet (UV) light induced
photocatalytic splitting of water on a TiO

2
 electrode,

considerable attention has been directed towards the
investigation of photocatalysis. A photocatalytic
reaction is stimulated by photons absorbed by a
photocatalyst. Separated electrons and holes are formed
in the photocatalyst. These charge carriers can move
to the surface of the photocatalyst andgenerate hydroxyl
radicalsthat react with reactants such as pollutants,
organic molecules andwater. On the basis of the
mechanism for photocatalytic reactions, an efficient
photocatalyst must have the following properties: (i)
its electronic band gap is comparable to the energy of
the incident light, (ii) it can produce separable charges,
and (iii) it is good in transporting charge carriers so
that the migration of photon-generated charges to the
catalyst surface is facilitated. In order for a
semiconductor to be photochemically active as a
sensitizer for the above reaction, the redox potential
of the photogenerated valance band hole must be
sufficiently positive to generate OH Radicals, which
can subsequently oxidize the organic pollutant. The
redox potential of the photogenerated conductance
band electron must be sufficiently negative to able to
reduce adsorbed O

2
 superoxide [75]. TiO

2
, ZnO, WO

3
,

CdS, ZnS, SrTiO
3
, SnO

2
, WSe

2
, Fe

2
O

3
, etc. can be used

as photocatalyst. Among the semiconductors, TiO
2

nanoparticles have been studied extensively [76]. The

anatase phase of titanium dioxide is the material with
the highest photocatalytic detoxification [77]. This
semiconductor provides the bestcompromise between
stability and catalytic performance. Binary metal
sulphide semiconductors such as CdS, CdSe or PbS
are regarded as insufficiently stable for catalysis, at
least in aqueous media as they readily undergo
photoanodic corrosion [78]. These materials are also
known to be toxic. The iron oxides are not suitable
semiconductors as they readily undergo photocathodic
corrosion[79]. The band gap for ZnO (3.2 eV) is equal
to that of anatase. ZnO however, is also unstable in
water with Zn(OH)

2
 being formed on the particle

surface[80]. This results in catalyst deactivation. Also,
the quantum yield and solar energy conversion
efficiency of these developed photocatalysts, are still
low, thus limiting their practical applications in
environmental purification. Consequently, it is of great
interest to search for new photocatalysts with improved
activities [81].

Photocatalytically active sites in metal organic
framework

The MOF-based catalysts are mainly classified into
three types: MOFs with metal-active sites, MOFs with
reactive functional groups and MOFs as host matrices
or nanometric reactors [82]. The catalytic activities
observed for MOFs with metal-active sites are directly
related to the metallic components, either as isolated
metal centers or as clusters connected through the
organic linkers. Thus, MOFs with metal-active sites
can be regarded as single-site catalysts. The first study
of a MOF as a photocatalyst to degrade organic
pollutants have been reported byMahata et al in 2006
[83]. Theysynthesized three metal-organic frameworks
(MOFs): [Co

2
(C

10
H

8
N

2
)][C

12
H

8
O(COO)

2
]

2
(1),

[Ni
2
(C

10
H

8
N

2
)

2
][C

12
H

8
O-(COO)

2
].H

2
O, (2) and

[Zn
2
(C

10
H

8
N

2
)][C

12
H

8
O(COO)

2
]

2
 (3),with three-

dimensional structures. The structures of the three
compounds appear somewhat related, formed by the
connectivity involving the metal polyhedra (Co

4
N

trigonal bipyramids in 1, NiO
4
N

2 
octahedra in 2, and

ZnO
4 
tetrahedra and ZnO

3
N

2 
trigonalbipyramids in 3.

The photocatalytic studies on these MOF sreveal that
they are more active than P25 for the degradation of
orange G, rhodamine. B, Remazol Brilliant Blue R,
and methylene blue. One of the most common
materials, denoted as MOF-5, contains clusters of Zn

4
O

located at the corners of the structure connected
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orthogonally to six units of terephthalate.Tachikawaet
al. [84] reported studies on the nature of luminescence
transitions in MOF-5 nanoparticles, and the interfacial
charge transfer from the photoexcited MOF-5 to various
organic compounds. It was revealed that MOF-5 had a
much higher oxidation reaction efficiency than that of
P-25 TiO

2
 powder, the most common photocatalyst.

Xamena et al Used MOF-5 as photocatalyst for the
degradation of phenol and 2, 6-di-tert-butylphenol
(DTBP) [85] Fig. 1 shows TEM images of MOF-5
nanoparticles before and after water treatment.

Fig. 2 shows photodegradation curve of phenol and

toward small and large molecules by adducing that
small molecules can freely diffuse to the internal space
of the material, where they are less prone to undergo
photodegradation. In contrast, bulky molecules
remain at the external surface of the photocatalyst,
where they are rapidly degraded. In other words,
degradation of the organic molecules takes place at a
different rate in the internal and external surface of
the photocatalyst (being significantly lower at the
internal surface). Conclusion is that MOF-5 exhibits
a reverse shape-selectivity photocatalyst. Solid lines
are the best fit to experimental data obtained with a
first order exponential decay. Dotted straight lines
show the initial degradation rates. Fig. 3 shows the
mechanism of phenol degradation upon the MOF-5
[85]. Alvaro et al calculated the band gap of MOF-5
as a semiconductor from the plot of the reflectance
versus the radiation energy, giving a value of 3.4 eV
[86]. In order to get an estimation of these energy
values, they proceeded to construct a photovoltaic
cell using MOF-5 as a semiconductor. The position
of the conduction band was determined by
comparison of the open circuit voltage obtained for a
photovoltaic cell constructed with I

2
/I- as  the

electrolyte and TiO
2
 or MOF-5 as the photoactive

semiconductor. The conduction band position for
TiO

2
 (0.1 eV) has been reported in the literature [87].

The conduction band energy of MOF-5, 0.2 V
versus NHE has been estimated considering that the

Fig. 1: TEM image of MOF-5 nanoparticles a) before
and b) after water treatment [85].

2, 6-di-tert-butylphenol. The results obtained for MOF-
5 as a photocatalyst indicate that large molecules (i.e.,
molecules with a high steric hindrance with respect to
the pore openings of MOF-5) are degraded faster. The
authors explained the different behavior of the material

Fig. 2: Photodegradation curves of phenol (P) and 2, 6-di-tert-butylphenol (DTBP) obtained using MOF-5 as a photocatalyst.
a) Curves correspond to photodegradation of 40 ppm of pure species b) curves correspond to competitive photodegradation

(irradiation of a mixture of 20 ppm ofof both molecules) [63].
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photovoltaic cell with MOF-5 gives a value of open
current voltage that is 0.3 V lower than the one obtained
for a solar cell with TiO

2
.Then, they proceeded to

determine the percentage of phenol degradation upon
irradiation through Pyrex in identical aqueous
suspensions of phenol containing MOF-5, standard P-
25 TiO

2
 and ZnO. They selected ZnO for comparison

because in case the MOF-5 would undergo structural
damage in a small percentage, ZnO could be formed.
The results revealed MOF-5 exhibited a remarkable
photocatalytic activity. Comparison between the
performance of MOF-5 and other as in the case of
titanium dioxide showed that photodegradation of
phenol might occur through a network of reactions
including the initial formation of radical cation by
electron transfer from phenol to MOF-5 hole or
generation of oxygen active species by the reaction of
the photoejected electrons with oxygen. Fig. 4
summarizes a possible mechanistic proposal. It can be
easily anticipated that the relative photocatalytic
activity of MOF-5 with respect to the other
photocatalysts will most probably vary depending on
the light source. In particular, visible irradiation using
filtered light (cut-off filter l> 380 nm) would strongly
disfavor the activity of TiO

2
 and ZnO due to their lack

of absorption at wavelength >350 nm while MOF-5 is
absorbed above 350 nm. Other traditional MOFs are
IRMOF1 stands for isoreticular metal-organic
framework 1 and M=Be, Mg, Ca, Zn, and Cd. Cabrera
et al examined the electronic structure of M-IRMOF1
using density-functional theory [88].

The results showed that these materials had similar
band gaps 3.5 eV and a conduction band split into two
bands, the lower of which had a width that varied with
metal substitution. After doping Zn-IRMOF1 and Be-
IRMOF1 with Al or Li, they investigated electronic

properties of the materials. It was shown that replacing
one metal atom with Al could effectively be used to
create IRMOFs with different metallic properties. On
the other hand, adding Li produced structural changes
that rendered this approach less suitable. Lanthanide-
based metal-organic frameworks (Ln-MOFs),
especially Tb3+ and Eu3+, are fascinating because of
their versatile coordination geometry, unique
luminescent and magnetic properties, and possible high
framework stability to water [89, 90]. Choi and
coworkers reported systematic studies of interfacial
electron transfer between photoexcited europium-based
MOF (Eu-MOF) particles and various organic
compounds, such as aromatic sulfides and amines
adsorbed on the surface and trapped inside the pores
of the MOF structure (Fig. 5) [74]. The 1,3,5-
benzenetribenzoate (BTB)  ligand was chosen as a
linker and they selected the Eu3+ ion as the constituent
metal because Eu3+ had a very low reduction potential
(Ered (Eu3+/Eu2+) = -0.35 V vs NHE) and the resultant
Eu2+ ion could be reoxidized to its initial state by
various oxidants such as O

2
 and H

2
O

2
.

Eu3+ ions were in the Eu- MOF with the organic
compounds. They discovered the size-selective one-

Fig. 3: Propose mechanism of phenol degradation upon the MOF-5[85].

Fig. 4: Band gap energy of TiO
2
vs MOF-5[87].
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electron oxidation processes of organic compounds
under the photo irradiation of nanosized and microsized
Eu-MOF particles by combining time-resolved
emission and absorption spectroscopy, confocal
microscopy, and a theoretical calculation based on the
Marcus theory. They concluded confidently that there
was the possibility that Eu-MOFs work as an efficient
photocatalyst under UV light irradiation. They
predicted that in the future, by varying the length of
the organic backbone of the ligands and changing the
degree of conjugation in the ligands, molecular
recognition MOF photocatalysts extending their
photosensitivity toward the visible-light region will be
developed.

Yang et al synthesized ZnO-based nanostructured
architectures via simple heat treatment of MOF-5 under
different atmospheric conditions. In air, MOF-5 was
transformed into hierarchical aggregates of ZnO
nanoparticles with 3D cubic morphologies [91]. The
resultant materials showed good photocatalytic activity
with respect to RhB degradation such that the
degradation rate constants were comparable to that of
commercial P25 and much higher than that of ST01.
Titanium is a very attractive candidate for MOFs due
to its low toxicity, redox activity, and photocatalytic
properties. Hardi synthesized MIL-125, the first example
of a highly porous and crystalline titanium (IV)

dicarboxylate (MIL stands for Materials of Institute
Lavoisier), with a high thermal stability and
photochemical properties. Its structure is built up from
a pseudo cubic arrangement of octameric wheels built
up from edge- or corner-sharing titanium octahedra,
and terephthalate dianions, thereby leading to a three-
dimensional periodic array of two types of hybrid cages
with accessible pore diameters of 6.13 and 12.55 Am
[92]. Walsh et al. [93] examined the electronic and
defect structure of a novel hybrid titania material and
confirmed the spatial separation of electrons and holes
between the inorganic and organic sub-networks.
Chemical reduction of Ti (IV) to Ti (III) can be readily
achieved through intrinsic defect formation (oxygen
loss) or extrinsic reductants (e.g. H

2
). The remarkably

low energy for these processes, which is less than those
in bulk TiO

2
 and below the band gap energy, explains

the facile color change of this material after irradiation
under UV light: photostimulated chemical reduction.
Gascon et al. have showed that by applying operando
IR spectroscopy, MOFs are a potentially new class of
photocatalysts for selective gas-phase photooxidation
[94]. Isoreticular MOFs with different organic linkers
were synthesized; namely, terephthalic acid (IRMOF-
1), 2-bromoterephthalic (IRMOF-2) acid, 2,5-
dibromoterephthalic acid, biphenyl-4,4�-dicarboxylic

acid (IRMOF-9), 1,4 naphthalene -dicarboxylic (IRMOF-

Fig. 5: PhotoexcitedEu-MOF [74].
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7) acid and 2,6-naphthalenedicarboxylic (IRMOF-8)
acid using two different solvents (N,N-
dimethylformamide (DMF) and N,N-diethylformamide
(DEF). They demonstrated that the band gap energy
of isoreticular metal-organic frameworks could be
tuned by changing the organic linker. Du et al. have
shown a novel series of photocatalysts based on MIL-
53(M) (M= Fe, Cr, Al) metal�organic frameworks for

MB photodegradation [95]. The photodegradation of
MB over MIL-53(Fe) photocatalyst followed first-
order kinetics, and the rate constant was 0.0133 min-1

and 0.0036 min-1 for UV�Vis light and visible light

irradiation, respectively. Furthermore, they presented
the large promoting effect of electron acceptor H

2
O

2
,

KBrO
3
 and (NH

4
)

2
S

2
O

8
 addition on the photocatalytic

performance of MIL-53(Fe) photocatalyst. The metal
centers of MIL-53 showed a nil effect on the
photocatalytic activity for MB photodegradation. Fig.
6 shows the chemical structure and electron transfer
upon the MIL-53(Fe). Zhang et al. investigated the
iron-based MIL-53(Fe) metal�organic framework in

the degradation of RhB.
Fig. 7 shows comparison of the reaction rate

constants of the degradation of RhB in different

conditions. The catalytic degradation of RhB proceeded
about 4.3 and 4.6 times faster in the MIL-53(Fe)/visible
light/H

2
O

2
system, relative to the MIL-53/visible light

system and MIL-53(Fe)/H
2
O

2
system, respectively [96].

Attempts to obtain robust MOFs with high
photocatalytic activity have met with only limited
success. One important reason is due to that the most
MOFs are not able to absorb visible light or lack
catalytic sites for the photocatalysis process. The
tunable nature of the organic components in MOFs
allows them to readily functionalize. According to
literatures, two common strategies have been employed
in the post synthesis modification to activate MOFs.[97,
98]. One of the approaches is doping MOFs with light-
absorbing metalcomplexes [99]. Another approach is
introduction of the light absorbing organic building
units. this method porphyrins [100] and 2-
aminoterephthalate [101-103] ligandes, are two
example that use as linkers in the  MOFs synthesis in
order to harvest visible light.  Table 2 showssome
recentused MOFs and for the degradation of organic
pollutants.
CONCLUSION

The field of heterogeneous photocatalysis is very

 
Fig. 6: The chemical structure of MIL-53(Fe) and electron transfer processes that occur in MIL-53(Fe) when irradiated by

light [95].
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diverse. The traditional photocatalysts have some
drawbacks such as low quantum yield and UV source
as the induction of reaction. Because of these reasons,
research on new photocatalysts is an interesting field
in science. In this paper, novel nano photocatalysts
based on MOF materials have been introduced and
recent works in these filed have been reviewed.
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