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The unique characteristics of metal-organic frameworks (MOFs) and covalent organic Frameworks
(COFs), such as structural tunability, high specific surface area, and highly organized pores, have led to
their widespread application in catalysis. Notably, it is possible to significantly enhance the catalytic char-
acteristics of MOFs or COFs by elaborately integrating them together to overcome the flaws in individual
MOFs and COFs, which has been receiving increasing attention. This review starts with a brief overview
of the current development of MOF/COF-based catalyst and relative synthetic approaches, followed by
a comprehensive and systematic analysis of their applications in photocatalysis, thermocatalysis, and
electrocatalysis, involving photocatalytic water splitting, photocatalytic redox reaction, photocatalytic
degradation, conventional thermocatalytic redox reaction, and electrocatalytic oxygen reduction
reaction. After the above discussion, the prospects and challenges of MOF/COF composites are also
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1. Introduction

Nowadays, with the development of the chemical industry,
medicine and other industries have risen rapidly, which has
also greatly improved the productivity of human society. How-
ever, the environmental and energy issues that originate from
industrial production are getting worsened, making them one
of the issues that need immediate attention. Various nanos-
tructures and their nanocomposites, such as metal oxides,
MOFs, metal sulfides, oxynitrides, COFs, and other polymers,
have been widely used in the catalysis field. Among them,
MOFs composed of organic ligands and inorganic metal nodes
as secondary building units (SBUs) through self-assembly have
several special advantages, such as highly developed pore
structures, ultrahigh surface area, tunable composition and
surface properties, and controllable pore size, making them
promising catalysts or catalyst supports. Since the first report
on MOFs in the mid-1990s, the research and applications on
MOF-based materials have grown significantly."* Similar to
MOFs, periodically ordered COFs featured with the powerful
interaction of covalent bonds between light elements, such as
C, N, O, and B, have drawn great attention owing to their
excellent characteristics, such as stable structure, high surface
area, adjustable aperture, and adjustable frame, making them
very promising for catalysis.?

In past decades, MOFs and COFs have developed simulta-
neously along their individual trajectories. Various MOFs or
COFs of different structures and composition can be obtained
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by modulating variable parameters (for example, building
units, grid expansion, connectivity and functions, or multi-
variable strategies).*> To date, more than 90000 MOFs with
>2000 topologies and 500 COFs with >18 topologies have
been reported.®” However, the integration of MOFs and COFs
into one composite material was first reported only a few years
ago.® The structural and functional integration of MOFs and
COFs can greatly expand their applications and is necessary for
an in-depth understanding of structure-activity relationships.’
The new structures and functions obtained from the hybridiza-
tion could bring some inspiration to the structural design of
MOFs and COFs. For instance, to meet a variety of require-
ments, researchers frequently add exotic metal sites, such as
bipyridine, porphyrin, and phthalocyanine-based metal com-
plexes into COF skeletons.'”'! These COFs with metal sites
often display superior catalytic activity and stability under
various reaction conditions compared to MOFs with abun-
dant open metal sites because of the ultrastrong interaction
between metal and COFs. The desired nanocomposites
should exhibit the properties of both MOFs and COFs if the
SBUs of MOFs were incorporated into the building blocks of
COFs, which not only enlightens the design and synthesis of
MOFs and COFs but also enriches their structures and
applications."” In addition, the integration can introduce
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certain innovative functionalities that a single component
is unable to do.

The commonality and uniqueness between MOFs and COFs
make it possible to build MOF/COF hybrid materials. The
porous materials obtained by the combination of MOFs and
COFs overcome the inherent weaknesses of a single material
and enables their synergistic effects synergy for a wider range of
applications. For example, COFs covalently bonded with the
surface functional groups of MOFs to form a core-shell struc-
ture enable the composite to conduct shell-core mass transfer
or MOFs to grow on the surface of COFs, providing a core-shell
structure to improve the charge separation efficiency. The
research potential of MOFs and COFs in more application
sectors has significantly increased as a result of the develop-
ment of these new composite materials. Based on the proper-
ties of COFs and the excellent performance of the original
MOFs, the MOF/COF composites have been applied in many
fields, such as electrochemistry, environment, biology, and
catalysis.’**® The integration of MOFs and COFs is a good
strategy to optimize the catalytic performance by introducing
synergistic effects and eliminating the obstacles of a single
component. On the one hand, the porous structure of such
composites can provide more active sites and channels for the
transport of reactants. On the other hand, due to their

2019-1%treported synthesis of MOF/COF
hybrids via post-synthetic covalent

modification 1°

2019-Constructed core-shel MOF@COF

hybrids by n-n stacking interaction 2°

2019-synthesis of hydrophobic NH,-
MIL-101(Fe)@NUT-COF-1*

2005-1%reported

synthesis of COFs 17
1995
1995-1% reported 2018-1*'reported
synthesis of MOFs ! construction of core-
shell MOF @COF

hybrids(NH,-MIL-
68@TPA-COF) 18

Fig. 1 Timeline of the synthesis and applications of MOFs—COFs.
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molecular structure and chemical modularity, strong interfa-
cial interactions can be generated that facilitate charge
transfer.'® Therefore, MOF/COF composites have been greatly
developed and applied in the field of catalysis since their
appearance. Fig. 1 displays the timeline of the synthesis and
applications of MOFs-COFs composites.>'®>” Although the
application of MOF/COF hybrid materials is very promising,
there are still many challenges in this research
direction."®'®?>*® To date, even though several reviews on
the hybrids of MOFs and COFs have been reported,®®'>2973¢
they mainly focus on the synthesis strategies and special or
comprehensive applications, including photocatalysis, gas
separation, sensing, and energy storage. There are still rare
comprehensive reviews focusing on the catalytic applications of
MOF/COF composites. Therefore, this review focuses on the
recent advances in the synthesis and catalytic applications of
MOF/COF composites in catalysis, including photocatalysis,
thermocatalysis, and electrocatalysis, with the aim to afford
an instructive guidance in the rational design of effective MOF/
COF composite catalysts (Fig. 2).

2. Synthetic strategies for MOF/COF
composites

Since 2016, MOF/COF composites have gradually attracted
considerable attention. According to their structures, the pre-
sent synthetic strategies of MOF/COF composites are broadly
categorized into two types: (1) COFs grown on pre-synthesized
MOFs. (2) MOFs grown on pre-synthesized COFs. Here, we
briefly describe the different synthetic strategies for MOF/COF
composites and their corresponding linkage modes.
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Fig. 2 MOF/COF composite materials for photocatalytic, thermocatalytic,
and electrocatalytic applications.
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2.1 COFs growing on pre-synthesized MOFs

It is feasible to build a range of hierarchical MOF/COF struc-
tures with varying compositions thanks to the diversity of MOFs
and COFs. The integration of MOFs and COFs via the imine
bond is the most common preparation method. In the first
report by Zhang et al. using stable NH,-MIL-68 as a substrate
for the growth of COFs in 2018, the amino functional groups
exposed by NH,-MIL-68 provided abundant anchor sites for the
further growth of TPA-COF, and finally a new hybrid material
with high crystallinity and hierarchical pore structure (NH,-
MIL-68@TPA-COF) was successfully synthesized by two-step
modification.'® In particular, NH,-MIL-68 was first prepared
and functionalized with tris(4-formylphenyl)amine (TFPA) to
obtain formaldehyde-functionalized NH,-MIL-68, NH,-MIL-
68(CHO), which was further coated by TPA-COF nanosheets
by covalently linking TFPA and tris(4-aminophenyl)amine
(TAPA) through a convenient condensation reaction (Fig. 3a).
Using the two-step modification strategy, several other
MOF/COF composites using similar aldehydes for surface
functionalization followed by condensation reactions of addi-
tionally added aldehydes and amines have been successfully
synthesized, such as NH,-UiO-66@TDE using 1,3,5-tris-(4-
formyl-phenyl)triazine (TFPT) and 2,5-diethoxybenzene-1,4-
dicarbohydrazide (DETH),"® MIL-125-NH,(Ti)@TpTt-COF using
2,4,6-triformylphloroglucinol (Tp) and melamine (Tt),*” NH,-
MIL-101(Fe)@SNW-1 using terephthalaldehyde and melamine,*®
NH,-UiO-66@TpPa-1 using Tp and p-phenylenediamine (Pa),* as
well as IRMOF-3-TpBD using Tp and benzidine (BD).*’ In some
cases, the surface functionalization of amine-MOFs with only
aldehyde monomers may be not enough for the further condensa-
tion reaction. Huang et al. proposed a novel seed growth method
for the synthesis of NH,-MIL-125@TAPB-PDA composites, in
which a low concentration of terephthaldehyde (PDA) and 1,3,5-
tris(4-aminophenyl) benzene (PAPB) was first added to form seed
particles on the surface of NH,-MIL-125, and then an additional
high concentration of PAPB and PDA was added to grow on the
seed particles.”® The thickness of the COF layer can be con-
trolled by the added concentrations of PAPB and PDA in the
second step, which can be further functionalized with the
antigen galectin-3."* The two-step modification strategy has
also been modified by first functionalizing amine-MOFs with
aldehyde monomers of COFs, and then only amine monomers
of COFs were introduced to react with the surface aldehyde
groups to form uniform COFs layers on the surfaces of MOFs.
Using this modified two-step strategy, several types of MOF/
COF composites, such as IR-MOF3@COF-LZU1,"" aza-
MOFs@COFs,** NH,-MIL-125@COF-OH,** and NH,-UiO-
66@Br-COFs,** have been successfully prepared. Using PCN-
222-Co MOF as the core, the surface of PCN-222-Co can be
firstly functionalized with Pa, and then Tp was added for the
interfacial growth to form TpPa-1 on the surface to form PCN-
222-Co@TpPa-1 composites.”®

The two-step modification technique, despite making it
easier to build a homogenous COF shell on the surface of
amine-MOFs, is a little time- and labor-intensive. One-pot
synthesis method has been reported for the synthesis of various
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MOF/COF composites.”> Lan et al. firstly reported a one-pot
synthesis method to synthesize NH,-UiO-66/TpPa-1-COF
composites with high surface area, high porosity, and high
crystallinity, in which a different proportion of NH,-UiO-66
nanoparticles was added into the synthetic reaction system of
TpPa-1-COF with a little more Tp (Fig. 3b).**> Following the one-
pot synthesis method, many MOF/COF composites via covalent
linkers have been prepared, such as NH,-MIL-125(Ti)@TTB-
TTA using 4,4',4"-(1,3,5-triazine-2,4,6-triyl)tribenzaldehyde
(TTB) and 4,4',4"-(1,3,5-triazine-2,4,6-triyl)trianiline (TTA),*®
H,-MIL-101(Fe)@NUT-COF,>' NH,-MIL-101@TpMA and NH,-
UiO-66@TpMA using Tp and melamine,*” NH,-UiO-66@TAPT-
TP-COF using Tp and 4,4,4"-(1,3,5-triazine-2,4,6-triyl)trianiline
(TAPT),*® In-MOF-NH,@TP-TA using Tp and TAPT,*® MTV-
Ti-MOF/TpPa-1,>° NH,-MIL-125(Ti)@TpTta-COF using Tp and
TTA,”" MOF-808@TpPa-1,>> and Cu-NH,-MIL-125/TpPa-2-COF.>
Via the one-pot strategy, more monomers of COFs besides the
aldehydes and amines have been used to prepare COF shells on
MOFs, such as 5,10,15,20-tetra(4-pyridyl)-21H,23H-porphine
(TPyP) and pxylylene dibromide monomers for Zr-MOF@Pro-
COF-Br.>* The one-pot synthesis method is relatively facile to
prepare MOF/COF composites even using MOFs without -NH,
groups;>>>® however, the uniform coating of COF shells is still
challenging. Through consequent treatments such as acid etch-
ing, transformation, and shrinkage, yolk-shell structured MOF/
COF composites can be formed.”” For example, a series of the
yolk-shell-structured COF@MOF composites with MOFs as the
core and COFs as the shell were readily synthesized via a template-
free solvothermal method, during which the amorphous-to-
crystalline transformation and the simultaneous shrinkage of

the shell under the pyrrolidine-catalyzed conditions resulted in
the formation of the hollow cavity (Fig. 3c).>®

With the development of synthesis methods, more functions
have been introduced into the MOF/COF composites, such as
magnetic separation.’*®® For example, Fe;0,@MOFy;0.66@
TzDa-COF with a matryoshka structure was successfully synthe-
sized where UIO-66-MOF was grown on the surface of Fe;O,
nanoparticles to form Fe;O,@MOFUIO-66, which was further
coated with TzDa-COF to construct the Fe;0,@MO-
Fuio—66@TzDa-COF hybrid via the one-pot synthesis method
(Fig. 3d).%" Several other types of MOFs (NH,-UIO-66, NH,-MIL-
125(Ti), NH,-MIL-88(Fe)) were reported to be coated on the
surface of Fe;O, nanoparticles to obtain Fe;O,@MOF via
the one-pot solvothermal method, which were subsequently
coated by COFs using a simple and scalable one-pot room
temperature-solution phase method with 1,3,5-benze-
netricarboxaldehyde (TFB) and 1,3,5-tris(4-aminophenyl)
benzene (TAPB) as monomers.®”> The introduction of magnetic
nanoparticles endows these MOF/COF composites with mag-
netic separation property after applying an external magnetic
field, which is promising in practical applications.

Besides the introduction of the magnetic separation func-
tion, various kinds of metal nanoparticles or metal ions with
high catalytic activity have been also introduced in the struc-
tures of MOF/COF composites to prepare core-shell-structured
MOF@metal nanoparticles@COF composites or MOF@COF-
supported metal nanoparticles or metal ions.**"®> Metal nano-
particles can be introduced into MOF/COF composites in two
main ways. The first is to immobilize metal nanoparticles on
the surface of MOFs, followed by coating COFs,**®® and the
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second is to directly deposit metal nanoparticles or the reduction
of former impregnated metal ions into the MOF/COF
composites.’”*>”° Kim et al. prepared the core-shell Pd-doped
NH,-MIL-125(Ti)@LZU1 composite.”® TFB monomers were used
to first modify NH,-MIL-125(Ti) and then, p-phenylenediamine
was added to promote the interfacial growth of LZU-1 COF on the
surface of NH,-MIL-125(Ti) to create the NH,-MIL-125(Ti)@LZU1
composite. After the incorporation of Pd** species into the COF
shell, the Pd*>" species were reduced to Pd nanoparticles by
NaBH,. In another work, covalent organic polymer (COP) was
coated on the surface of UiO-66-NH, via covalent linking to form
UiO-66-NH,@COP hybrid materials, and the final product, UiO-
66-NH2@COP@Pd catalyst, was obtained after anchoring Pd**
species and reduction by NaBH, via the reverse double-solvent
approach (Fig. 4a).”°

Depositing metal nanoparticles or nanoclusters on the sur-
face or COF shell still encounters the possible leakage of metal
species during applications and/or pore blockage of the COFs
by metal nanoparticles. Confining metal nanoparticles between
MOFs and COFs will avoid the possible pore blockage and also
endow high dispersion and stability to metal nanoparticles. In
addition, the hydrophobic properties of the COF shell can
concentrate reactants to the surface of metal nanoparticles
for better reaction. Inspired by these advantages, sandwiched
MOF@metal nanoparticles@COF composites have been ration-
ally designed and synthesized for targeted applications.®

A straightforward method for creating a sandwiched Pd/UiO-
66-NH,@COF was proposed by Zeng et al.®® As seen in Fig. 4b,
the incipient wetness infiltration approach was used to
create the Pd/UiO-66-NH,, which was then functionalized with
terephthalaldehyde to create the aldehyde-functionalized
Pd/UiO-66-NH,. Then, 1,3,5-tris(4-amidophenyl)triazine was
introduced to react with terephthalaldehyde to form an

amorphous nonporous covalent-organic polymer, COP-1, on
the surface of Pd/UiO-66-NH,. By substituting 2,5-dihydroxy-
1,4-benzenedicarboxaldehyde for terephthalaldehyde, the COF-
1 can be converted into COF. The metal nanoparticles can also
be deposited on the surface of MOFs via photoreduction or
in situ reduction methods, followed by the seed-growth method
for further COF coverage (Fig. 4c).*>®”

2.2 MOFs growing on pre-synthesized COFs

COFs with nanoporous and 2D structures can also be used as a
substrate for growing MOFs to synthesize COF@MOF mixed
materials.”"”> Recently, the Cuz(HHTP),/TpPa-1 hybrid was
prepared using TpPa-1 COF as a support for the loading of
2D conductive Cuz(HHTP), MOF (HHTP: 2,3,6,7,10,11-
hexahydroxytriphenylene), in which the intimate interaction
between MOF and TpPa-1 COF was constructed by the coordi-
nation of Cu ions with the carbonyl oxygen and enamine
nitrogen groups in MOF (Fig. 5a).”* Similarly, 2D conductive
Ni-CAT-1 MOF was in situ grown on a covalent triazine frame-
work (CTF-1) via the coordination interaction between Ni**
from Ni-CAT-1 MOF and the dual N sites in CTF-1 layers.”*
Since the N atoms within the frameworks of COFs have
strong coordination ability to metal ions, the coordinated metal
ions can provide metal sources for the synthesis of MOFs.
Based on this, Caro et al. reported a strategy for the construc-
tion of TpPa-1@ZIF-67 membranes using an MOF-in-COF con-
cept, in which the prepared TpPa-1 COF layer was immersed in
the cobalt precursor to absorb Co**, and the growth of ZIF-67
could be confined within the structure of TpPa-1 at room
temperature via the self-assembly of Co®>" and 2-methyli-
midazole (2-meIM) (Fig. 5b).”> ZIF-67 cells were subsequently
formed inside the TpPa-1 pores to create the ZIF-67-in-TpPa-1
membrane, which exhibited excellent potential for gas
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separation. Similarly, ZIF-L-Co MOF can also be in situ grown in
the pores of nitrogen-enriched TTA-BPDA-COF to form a hier-
archical porous TTA-BPDA-COF@ZIF-L-Co hybrid material, in
which Co®>* species were firstly adsorbed in the channels of
TTA-BPDA-COF.”® To increase the adsorption amount of metal
ions within the channels of COFs, Jiang et al. proposed an
efficient and universal COF induced seeding (COFIS) strategy
involving the synthesis of ZIF-8@COF nanosheet seeds for the
growth of ultrathin MOF membranes (Fig. 5¢).”” The negatively
charged TPA-SO;H COF nanoparticle was mixed with the pre-
cursor of ZIF-8, wherein the -SO;~ group generated strong
electrostatic attraction with Zn>", leading to the preferential
adsorption of Zn** on the surface of COF. The Zn>" enriched on
the surface of COF combined with the 2-methylimidazole
ligand to generate heterogeneous nucleation on both sides of
the COF nanosheet. ZIF-8@COF nanoparticle seeds, whose
crystal particles are strongly complimentary, are created by
subsequent crystal development.

Unlike the abovementioned synthesis methods, PCN-222-
Cu@TpPa-1(1:2) was made using ultrasonic dispersion and
vacuum thermal-assisted sequential growth, which resulted in
a novel sunflower shape and increased specific surface area and
pore size.”” The pre-synthesized TpPa-1 COF was dispersed in
the precursor solution of PCN-222-Cu to adsorb metal ions by
ultrasonic dispersion, and then PCN-222-Cu was formed on the
surface of TpPa-1 by vacuum heating, forming a novel sun-
flower type MOF@COF hybrid platform with strong n-n bond
stacking. With the co-addition of ZrCl, precursor, NH,-BDC
linker, and acetic acid into the DMF solvent containing a
certain amount of TTCOF with 2,4,6-trimethyl-1,3,5-triazine
(TMT) and 1,3,5-tris(4-formylphenyl)-triazine (TFPT) as mono-
mers, NH,-UiO-66(Zr) MOF can be formed on the surface of
TTCOF after the solvothermal reaction.”®

Currently, most MOF/COF composites are synthesized by
the conventional hydrothermal and solvothermal methods,
which requires a long time and a large amount of solvent.
Recently, a series of facile methods have been exploited. Su
et al. prepared TpPa/ZIF-8 composites via a simple and fast
grinding method in just a few minutes and requires only a
slight amount of solvent.”® By the grinding method, a series of
TpPa/ZIF-8 composites with different ratios were synthesized by
grinding the synthesized TpPa-1, zinc acetate dihydrate, and 2-
methylimidazole in a mortar and pestle for 30 min after the
addition of 0.2 mL ethanol (Fig. 5d).”° Similar to the COFs-
coated magnetic MOFs, the COFs can also be coated on
magnetic nanoparticles or stainless steel mesh to combine
different functions together.’® For example, Fe;O,@TAPB-
COF@ZIF-8 was developed by coating TAPB-COF on Fe;O,
nanoparticles using 1,3,5-tris(4-aminophenyl)benzene (TAPB)
and terephthaldicarboxaldehyde (TPA) as monomers, followed
by the formation of ZIF-8 on the surface of Fe;0,@TAPB-COF.*'
Unlike the traditional synthesis methods for COFs-supported
MOFs, recently, Zou et al. reported a new strategy for the
fabrication of COF-MOF hybrids via the in situ functionalization
of ligands.®* CTF-1 were grafted with benzoic acid groups to
form B-CTF-1, which was then added into the Ti-MOF reaction
system to coordinate with Ti metal clusters by carboxyl groups,
resulting in the formation of the B-CTF-Ti-MOF hybrid under
the solvothermal conditions.

2.3 Brief summary

In brief, the reported MOF/COF composites mainly included
the growth of COFs on pre-synthesized MOFs and the growth of
MOFs on pre-synthesized COFs. (1) COFs grown on pre-
synthesized MOFs. This method integrates MOFs and COFs
mainly through Schiff-based reaction-induced imine bonding.
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Fig. 6 Schematic of the B-CTF-Ti-MOF composite preparation process. Reproduced with permission.’® Copyright 2019, Elsevier.

The diversity of MOFs and COFs makes it possible to construct
a variety of hierarchical MOF/COF structures, thus laying a
solid foundation for their application. However, this approach
is somewhat time-consuming and laborious in synthesizing
MOF/COF and even suffers from uneven COF shell coating. (2)
MOFs grown on pre-synthesized COFs. This method strongly
depends on the matching of MOF and COF cell sizes and
prepares COF/MOF mainly through covalent and noncovalent
bonds, providing a new perspective for the preparation of COF/
MOF composite films. However, this method requires a long
time and a large amount of solvent for the synthesis of some
MOF/COF. During the synthesis process, other functional
materials such as magnetic nanoparticles and metal nano-
particles can participate into the MOF/COF composites to
afford more functions or better performance. Many methods
such as two-step modification method, one-pot synthesis
method, and in situ growth method have been reported for
the synthesis of MOF/COF composites step by step. Even
though the MOFs and COFs can be prepared respectively and
then combined by vigorous grinding, their poor contact limits
their synergistic effects.®® Recently, a novel NH,-MIL-125(Ti)/B-
CTF-1(TBC) using synthetic covalent modification techniques
was successfully prepared by the amide bond.'® CTF-1 was
modified by a benzoic acid fragment to form B-CTF-1, which
was then covalently-linked with NH,-MIL-125(Ti) or NH,-UiO-
66(Zr) by chemically covalent amide bonds (Fig. 6). In addition,
besides the MOFs, MOFs-derived graphitic carbon,®***> MOFs-
derived sulfides,>>®® and Fe-MOF-derived a-Fe,05,%” have also
been reported as the cores for the coating of COF layers. MOF/
COF composites can be further treated to obtain their deriva-
tives for specific applications.>*>%%88°

3. Photocatalytic applications of MOF/
COF composites
Nowadays, researchers are beginning to pay attention to clean

and renewable energy. Photocatalysis, as one of the main
applications of solar energy, can realize the conversion of solar

energy to chemical energy. In the photocatalytic process, when
the catalyst absorbs photons with greater than or equal to the
bandgap energy, the electrons in the valence band (VB) are
excited to the conduction band (CB), and the corresponding
holes are formed in the valence band.”® These electrons and
holes (photogenerated carriers) could react with the reactants
when they migrate to the surface of the catalyst. Due to the
diversity and designability of the structural units and composi-
tion, individual MOFs and COFs have been demonstrated to act
as photocatalysts to achieve high photocatalytic performance.
MOF/COF hybrid materials can be customized to achieve con-
trollable hierarchical pore, n-conjugated systems, and hetero-
structures for charge transfer and separation. With their high
surface area and ease of modification, MOF/COF composites
also offer unique advantages in photocatalysis with diverse and
designable band structures to optimize the photocatalytic
performance. The unique porous channels can also accelerate
the rate of catalytic reactions. In this section, the applications
of MOF/COF composites in photocatalytic H, production,
photocatalytic selective reduction, photocatalytic selective oxi-
dation, and photocatalytic degradation are summarized and
discussed.

3.1 Photocatalytic H, evolution

In recent years, photocatalytic water splitting into green H, is a
hot topic in the field of energy research and one of the effective
ways to obtain clean energy. The photocatalysts should have
good visible light absorption, rapid separation of photoinduced
electron-hole pairs, and negative enough reduction potential
than H"/H,O for creating H, to achieve high performance in
photocatalytic H, evolution. COFs- and MOFs-based phot