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Review 

Metal–organic framework–based heterojunctions for 
photocatalysis
Ran Tai1,*, Runjie Wu1,*, Mingzhu Zhang2, Jie Yuan3,  
John Tressel4, Yao Tang1, Qiang Wang1 and Shaowei Chen4

Metal–organic frameworks (MOFs) have attracted much 
attention in photocatalysis due to their unique molecular 
architecture and diverse composition, where the performance 
can be effectively enhanced by the construction of 
heterojunctions. In this review, we summarize the recent 
progress of MOF-based photocatalysts with traditional 
heterojunctions (e.g. type I, type II, and p-n type) as well as Z- 
and S-scheme and even multicomponent heterojunctions, 
where the advantages and disadvantages of these 
heterojunctions in their photocatalytic applications toward 
environmental remediation and energy conversion are critically 
discussed. The review is concluded with a perspective for the 
further development of high-performance photocatalysts based 
on deliberate heterojunction engineering of MOF materials.
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Introduction
Photocatalysis has been used extensively as an en
vironmentally friendly technology in the fields of 

sustainable energy conversion and environmental re
mediation, where the rational design of high-perfor
mance catalysts represents a critical first step [1–3]. 
Toward this end, metal–organic frameworks (MOFs), a 
class of porous framework materials, have been attracting 
a great deal of attention, mainly because the materials 
structure can be readily tailored and controlled with 
atomic precision, and the metal nodes and organic lin
kages can be deliberately functionalized [4]. The re
sulting framework structure leads to spatial separation of 
the active sites and minimizes their aggregation and in
activation. Indeed, MOFs have been used as photo
catalysts for a range of applications due to a moderate 
band gap; yet the performance is typically rather limited 
thanks to a high recombination rate of photogenerated 
carriers and slow charge migration [5]. Within this con
text, a number of strategies have been developed to 
engineer the MOF structure for enhanced performance, 
such as heteroatom doping, defect engineering, and 
construction of heterostructures [6,7]. Among these, 
heterojunctions have been found to facilitate charge 
carrier separation and transport, effectively improving 
the photocatalytic activity. Such unique structures can 
be obtained by exploiting MOFs as a functional scaffold 
for the growth of other materials, where the different 
energy band structures of the structural components 
lead to ready manipulation of the charge transfer 
dynamics [8,9].

Thus far, a variety of heterojunctions have been re
ported, which include the traditional type I (straddling 
gap), type II (staggered gap), and p-n type [10], as well 
as the new Z-scheme [11] and S-scheme heterojunctions 
[12]. Whereas traditional heterojunctions have been 
found to effectively suppress carrier recombination, the 
performance has remained nonideal due to limited redox 
potentials. Such issues can be mitigated by Z-scheme 
and S-scheme heterojunctions [13], where the former 
can possess favorable thermodynamic charge transfer 
pathways, while the energy band bending and built-in 
electric field in the latter are known to improve the 
carrier separation and transmission efficiency [14,15]. 
Notably, the photocatalytic performance can be ma
nipulated by a range of experimental parameters, such as 
heterojunction size, composition, microenvironment, 
and structural stability, among others [16,17].
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In this review, we will summarize the latest progress in 
the construction and engineering of MOF-based het
erojunctions, with a focus on the mechanistic under
standing of the photocatalytic activity toward important 
reactions in environmental remediation and sustainable 
energy conversion. We conclude the review with a per
spective for the further development of MOF hetero
junction-based photocatalysts.

Metal–organic framework materials
Classification
MOFs are porous crystalline materials by self-assembly 
of multidentate organic ligands and inorganic metal ions 
or clusters through coordination bonds, van der Waals 
forces or hydrogen bonds [18]. Thus far, more than 20 
000 MOF materials have been reported in the literature. 
According to the component units and synthesis condi
tions, MOF materials can be divided into four major 
categories: isoreticular MOFs (IRMOFs), zeolitic imi
dazolate frameworks (ZIFs), Materials of Institute La
voisier frameworks (MILs), and porous and channel 
framework materials (Pocket-channel Frameworks 
[PCNs]). These materials are typically prepared by using 
solvothermal, hydrothermal, solvent volatilization, gas- 
phase thermal decomposition, templating, ultrasound- 
assisted, and microwave-radiation methods so as to ob
tain MOF materials with specific morphology, pore 
structure, and photocatalytic properties. IRMOFs consist 
mainly of a repeating network topology formed by 
[Zn4O6]+ metal clusters bonded with carboxylic acid–
based organic ligands, displaying a large specific surface 
area, high porosity, and adjustable pore size [19]. Among 
them, IRMOF-1 (MOF-5, Figure 1a) [20] and IRMOF-3 
[21] are the well-known examples. ZIFs are produced by 
self-assembly of Zn or Co ions bonded to the N sites of 
the imidazole (or imidazole derivatives) ring in a four- 
coordinate manner. ZIFs are known to exhibit structural 
diversity and easy to functionalize, with ZIF-8 (Figure 
1b) [22] and ZIF-67 [23] being the most common and 
most synthesized ones. MILs are formed by the co
ordination of trivalent transition metal ions (such as Fe, 
Al, and Cr) to carboxylic acid ligands (e.g. terephthalic 
acid, trimesic acid, etc) and typically possess a high 
specific surface area and rich porosity. Among them, 
MIL-88A [24], MIL-100 (Figure 1c) [25], and MIL-101 
[26] have been extensively studied and used in various 
fields. PCNs typically consist of metal centers, such as 
copper, zinc, iron, and zirconium, that are in coordination 
bonds with porphyrin ligands. Among these, tetrakis(4- 
carboxyphenyl)porphyrin is a popular one because of the 
excellent stability and diverse functions, for instance, 
PCN-222 [27], PCN-224 [28], and PCN-416 (Figure 1d) 
[29] that have found unique applications in sensing, 

photoelectrocatalysis, and others due to their large pores, 
good stability, and high density of catalytic active sites.

Coordination pillared-layer (CPL) materials represent 
another addition to the MOF family, consisting of a 
porous organic coordination polymer composed of six- 
coordinate metal nodes and neutral nitrogen-containing 
heterocyclic ligands. The synthesis is generally rather 
simple, and the material structures are flexible with ad
justable pore size. CPL materials have therefore been 
utilized in the fields of gas adsorption and energy storage 
[30]. The well-known examples of CPLs are the UiO 
(Universitetet i Oslo) series (e.g. UiO-66 [31], Figure 
1e), UiO-67, UiO-68 and UiO-69) that are composed of 
[Zr6O4(OH)4] coordinated to 12 terephthalic acid ligands 
forming a regular octahedral crystal structure. These 
materials feature unique structural characteristics, such 
as a relatively uniform size and strong stability, and have 
indeed found diverse applications.

Materials structures
A notable feature of MOF materials is their high specific 
surface area due to the unique pore structure [32]. This 
not only provides a large amount of void space for storing 
reaction substances but also facilitates the formation of 
abundant active site, leading to a high performance in 
adsorption and separation of reactive species [33]. The 
porosity of MOFs can be tailored by changing the types 
and feeds of organic ligands and metal nodes to meet the 
needs of different reactions (Figure 1f) [34]. For in
stance, MOFs with large pore sizes will be preferred for 
catalytic reactions that entail macromolecular reaction 
species. By adjusting the porosity, the adsorption and 
diffusion properties of MOFs can be further optimized, 
thereby further improving the efficiency and selectivity 
of catalytic reactions.

The structure and function of MOFs can be enriched by 
the incorporation of different functional groups, metal 
clusters, nanoparticles, etc. (Figure 1g) [35,36]. Struc
tural engineering can also be achieved by postsynthesis 
processing, such as thermal treatment, solvent exchange, 
etc. [37]. This renders it possible to tailor the chemical 
and physical properties of the MOFs materials for spe
cific applications.

Another important feature of MOFs is the controllable 
defects within the structural frameworks. These defects 
can be produced by careful control of the synthesis con
ditions and selection of the organic ligands and be 
exploited for the manipulation of the electronic band 
structure and charge transport dynamics. This may not 
only lead to the formation of new catalytic active sites but 
also serve as electronic traps to inhibit the recombination of 
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carriers, thereby improving the efficiency and selectivity of 
the photocatalytic performance (Figure 1h–i) [38,39].

Heterojunction engineering
Thus far, a series of MOF-based heterojunctions have 
been designed and constructed for photocatalysis, in
volving different interfacial charge–transfer mechanisms 
[40]. In this section, the design principles and recent 
progress of four types of MOF-based heterojunctions 
and their impacts on the photocatalytic activity will be 
discussed: (1) traditional heterojunctions, (2) Z-scheme 
heterojunctions, (3) S-scheme heterojunctions, and (4) 
multicomponent heterojunctions.

Traditional heterojunctions
In the traditional type I heterojunctions, the conduction 
band minimum and valence band maximum of the 

semiconductor with a lower bandgap are straddled 
within those of the semiconductor with a larger bandgap 
[41]. Upon photoirradiation, both semiconductors will be 
excited; yet the photogenerated electrons and holes will 
migrate to the conduction band and valence band of the 
lower-bandgap material, respectively, facilitating se
paration of the charge carriers. For instance, Wu et al. 
[42] loaded Fe atoms into the organic ligands of Fe- 
MOF-525 and constructed a CdS/Fe-MOF-525 type I 
photocatalyst by physical ball milling (Figure 2a), where 
photogenerated electrons and holes effectively trans
ferred from CdS to Fe-MOF-525. In comparison to pure 
Fe-MOF-525, the addition of CdS helped stabilize the 
Fe active sites and improved the photocatalytic activity 
toward hydrogen evolution, with a hydrogen evolution 
rate (3638.6 μmol g–1 h–1) that was 7.2 and 2.3 times higher 
than those of Fe-MOF-525 and CdS, respectively. 

Figure 1  

Current Opinion in Chemical Engineering

Structures of different types of MOFs: (a) MOF-5. Copyright 2023, American Chemical Society. (b) ZIF-8. Copyright 2022, Wiley Online Library. (c) 
MIL-100(Fe). Copyright 2023, American Chemical Society. (d) PCN-416. Copyright 2018, American Chemical Society. (e) UiO-66(Zr). Copyright 2021, 
American Chemical Society. (f) Schematic illustration of the increasing pore structure of synthesized UiO-66 via templated (modulator)-induced 
synthesis process and target representative pharmaceuticals and personal care products (PPCPs) with different molecular sizes. Copyright 2023, 
Elsevier. (g) Schematic illustration of the stepwise synthesis of sandwich-structured UiO-66-NH2@Pt@UiO-66-X (X = H, Br, NA, OCH3, Cl, NO2) 
composites. Copyright 2023, Wiley Online Library. (h) Photocatalytic hydrogen production over Pt@UiO-66-NH2-X with structural defects. Copyright 
2019, Wiley Online Library. (i) Scheme of the synthesis route to D-NCNS electrocatalysts. Copyright 2023, Elsevier. 
(a) Adapted with permission from Ref. [15]. (b) Adapted with permission from Ref. [17]. (c) Adapted with permission from Ref. [20]. (d) Adapted with 
permission from Ref. [24]. (e) Adapted with permission from Ref. [26]. (f) Adapted with permission from Ref. [29]. (g) Adapted with permission from Ref. 
[30]. (h) Adapted with permission from Ref. [33]. (i) Adapted with permission from Ref. [34].  
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Figure 2  
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Schematics of different types of MOF-based heterojunctions: (a) Photocatalytic mechanism of CdS/Fe-MOF-525. Copyright 2023, American Chemical 
Society. (b) Schematic diagram of photocatalytic removal of U(VI) and CP by MOF525@BDMTp. Copyright 2023, Elsevier. (c) Schematic diagram 
presenting the mechanism of NH3 formation and oxygen evolution over the formed CeO2/UNH (Ce) p-n Heterojunction (rod@sheet). Copyright 2021, 
American Chemistry Society. (d) Schematic band structures of Ti-BPDC-Pt, TiO2(DEF), and TiO2/Ti-BPDC-Pt. (e) H2 evolution as a function of the 
reaction time of catalysts under irradiation at λ  >  420 nm. (f) High activity is confirmed due to the efficient charge separation promoted by the 
heterojunction and the selective location of Pt single-atomic cocatalysts on the electron-enriched domain of the heterojunction. Copyright 2023, Wiley. 
(a) Adapted with permission from Ref. [37]. (b) Adapted with permission from Ref. [38]. (c) Adapted with permission from Ref. [40]. (d) Adapted with 
permission from Ref. [42].
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However, the spatial separation of carriers in traditional 
type I heterojunctions is nonideal, and the redox capacity 
of carriers is limited, which hinders the overall photo
catalytic performance.

In type II heterojunctions, the valence and conduction 
bands of the two semiconductors (A and B) are arranged 
in a staggered manner [41]. Photogenerated electrons 
migrate from the higher-energy conduction band of A to 
the lower-energy conduction band of B and become 
enriched on B, whereas holes migrate in the opposite 
direction from the valence band of B to that of A and 
become enriched on A. Consequently, photogenerated 
electrons and holes are effectively separated. For ex
ample, as shown in Figure 2b, Liu et al. [43] synthesized 
a bifunctional MOF525@BDMTp composite with a 
MOF core and a covalent organic framework (COF) 
shell bridged covalently. The introduction of MOF525 
increased the photo absorption range, and the in
troduction of BDMTp COF increased the active sites. 
Notably, the type II heterostructure formed by the 
combination of the two endowed the composite with 
‘electronic sponge’ type charge storage and transport. 
Due to band bending and internal electric field, the 
electrons on MOF525 conduction band transferred to 
BDMTp and accumulated at the N- and O-sites, which 
facilitated the adsorption and reduction of U(VI) on 
BDMTp and oxidation of chlorpyrifos on MOF525. 
Under UV–vis photoirradiation for 4 hours, the U(VI) 
removal rate was found to be 625.0 mg g-1 and the 
chlorpyrifos removal rate over 94.0%.

The disadvantages of type II heterojunctions in photo
catalysis are mainly manifested in the high recombina
tion rate of photogenerated electrons and holes that 
limits the photocatalytic efficiency, and an increase in 
defects at the interface and a complicated preparation 
process that hinder the practical application and large- 
scale production. There is also a type III heterojunction, 
in which the valence band of one semiconductor is even 
higher than the conduction band of the other, such that 
the energy bands of these two semiconductors are ar
ranged discontinuously. Therefore, there is no migration 
between electrons and holes at the interface, and this 
type of heterojunctions can not improve the photo
catalytic performance.

When p-type and n-type semiconductors are in intimate 
contact, p-n heterojunctions are formed at the interface, 
which constitute another member of the traditional 
heterojunctions. For p-n heterojunctions, a depletion 
layer and a built-in electric field are produced due to the 
difference of the Fermi levels [44]. When a p-n het
erojunction is exposed to photoirradiation, photo
generated carriers are generated in the respective 
semiconductors. Due to the built-in electric field, elec
trons will migrate from the p-type semiconductor to the 

n-type semiconductor, and holes will migrate in the 
opposite direction, thus achieving effective separation of 
the photogenerated carriers. For instance, Sriram et al. 
[45] constructed a p-n heterojunction between rod- 
shaped Ce-MOF-NH2 (UNH (Ce)) and oxygen-va
cancy-rich sheet-like CeO2 through a hydrothermal 
method (Figure 2c), where electrons were found to 
transfer from the n-type CeO2 with a higher Fermi level 
to the p-type UNH (Ce) with a lower Fermi level, and 
holes migrated in the opposite direction until the Fermi 
levels of the two reached an equilibrium. This charge 
transfer enriched negative charges on UNH (Ce) and 
positive charges on the CeO2 side of the interface, 
generating a built-in electric field from CeO2 to UNH 
(Ce) that effectively increased the carrier separation ef
ficiency. At the same time, the presence of Ce3+ and 
oxygen vacancies promoted the adsorption and activa
tion of N2, and the ((1:1) CeO2/UNH (Ce)) sample 
showed an excellent N2 reduction and O2 release rate of 
47.55 μmol L–1·h –1 and 370.18 μmol h370.18 μmol·h–1, 
with the apparent conversion efficiencies of 0.33% and 
8.5%, respectively. It is worth noting that while the p-n 
junctions are a specific type of semiconductor hetero
junctions, the formation of other heterojunctions may 
implicate p-n junction–related concepts, especially with 
regard to charge distribution and potential difference.

Z-scheme heterojunctions
Z-scheme heterojunctions possess unique advantages 
over conventional type I, type II, and p-n heterojunc
tions in optoelectronic devices, as their structural design 
improves the interfacial charge separation efficiency, 
reduces the electron complex loss, and expands the 
spectral response range, thus significantly improving the 
device performance. In a Z-scheme heterojunction, if 
the Fermi level of semiconductor A is higher than that of 
semiconductor B, when the two semiconductors come 
into contact, electrons will migrate from A to B until the 
Fermi levels of the two semiconductors reach an equi
librium, generating an internal electric field at the in
terface in the direction of A to B [46]. Meanwhile, the 
energy band of A will bend upward at the interface, 
while the energy band of B will bend downward. Upon 
photoirradiation, the electrons in the conduction band of 
semiconductor B and the holes in the valence band of 
semiconductor A will recombine at the interface, causing 
the electrons and ions with strong reducing and oxi
dizing abilities in the heterojunction to recombine. As 
shown in Figure 2d–f, He et al. [47] anchored high- 
density Pt single-atom cocatalysts on a Ti-BPDC MOF, 
and pyrolysis of the resulting Ti-BPDC-Pt at 400°C for 
12 hours produced a Z-scheme heterojunction of defect- 
rich TiO2/Ti-BPDC-Pt. Upon photoirradiation, the 
electrons excited to the conduction band of TiO2 mi
grated to the defect levels formed by oxygen vacancies 
and recombined with holes generated on the valence 
band of Ti-BPDC-Pt. Electrochemical and spectroscopic 
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measurements, in conjunction with density functional 
theory calculations, showed that with the formation of 
the heterojunction, electron transfer occurred from Ti- 
BPDC-Pt (which possessed a higher Fermi level) to the 
TiO2 (DEF) surface until the Fermi level was aligned. 
This led to the formation of an electron depletion region 
and electron accumulation region at the heterojunction 
interface between Ti-BPDC-Pt and TiO2 (DEF), where 
the difference of charge density between the two phases 
produced an internal electric field directed from the 
former to the latter at the interface, as well as upward 
bending of the Ti-BPDC-Pt energy band and downward 
bending of that of TiO2 (DEF). Therefore, the resulting 
heterojunction composites exhibited a remarkable per
formance toward photocatalytic hydrogen evolution at a 
rate of 12.4 mmol g-1 h -1 with an apparent quantum yield 
of 19.17%.

Nevertheless, there are intrinsic disadvantages of Z- 
scheme heterojunctions in photocatalysis, such as com
plex preparation processes, high costs, and high re
quirements for material matching. Meanwhile, there 
may be defects at the interface, which can impact the 
charge transfer efficiency, and limit the feasibility in 
large-scale applications.

S-scheme heterojunctions
S-scheme heterojunctions, first proposed by Yu et al. in 
2019 [48], represent a new addition consisting of two n- 
type semiconductors that feature an ‘S’ shape transfer 
path of photogenerated carriers at the interface and 
possess a high redox capacity [49]. In comparison to 
oxidation photocatalysts, reduction photocatalysts typi
cally exhibit a higher work function and lower Fermi 
level. When reduction photocatalysts come into contact 
with oxidation photocatalysts, electron transfer occurs 
from the former to the latter, forming regions of different 
charge density and hence a built-in electric field. This 
causes the energy bands to bend in different directions, 
and the formation of an S-shaped heterojunction in a 
staggered manner. The built-in electric field, energy 
band bending, and electrostatic interaction at the inter
face greatly facilitate the combination of electrons on the 
oxidation photocatalysts (which feature a weak reduction 
potential) and holes on the reduction photocatalysts 
(which feature a weak oxidation potential), and hence 
retain the stronger redox potential. In comparison to Z- 
scheme heterojunctions, S-scheme heterojunctions are 
advantageous in that they exhibit a simpler structure and 
are easier to prepare and control. In addition, the charge 
separation efficiency of S-scheme heterojunctions is 
usually higher, which helps improve the performance of 
the optoelectronic devices.

Recently, S-scheme heterojunctions have also been ex
tended to p-type and n-type semiconductors, as well as 
MOFs, which are mostly n-type semiconductors with a 
narrow band gap [50]. Yet, studies of S-scheme hetero
junctions have remained scarce thus far, and doping and 
cocatalyst modification have been proposed to enhance 
the heterojunction efficiency [51]. Nevertheless, despite 
an excellent theoretical performance, it remains difficult 
to experimentally identify/confirm the S-scheme hetero
junctions. For instance, Xu et al. [12] synthesized CeO2/ 
Ce-MOF homologous S-scheme heterojunction photo
catalysts through a simple hydrothermal method for the 
elimination of acetaldehyde. As shown in Figure 3a–f, the 
authors used Kelvin probe force microscopy (KPFM) to 
study the change of surface potential of CeO2/Ce-MOF 
heterojunctions before and after photo illumination, 
which clearly identified electron-accepting CeO2 (point 
A) and electron-donating Ce-MOF (point B), and surface 
photovoltage measurements showed that photogenerated 
electrons were transferred from Ce-MOF to CeO2, con
firming the formation of an S-scheme heterojunction. The 
relaxation path and dissociation process of photo
generated charges were also analyzed through femtose
cond transient absorption spectroscopy (fs-TA) 
measurements (Figure 3g–j). The transfer and re
combination of electron–hole pairs further supported the 
formation of an S-scheme heterojunction (Figure 3k), 
which facilitated the separation of photogenerated carriers 
and effectively impeded their recombination, leading to a 
high performance toward the photocatalytic elimination 
of organic pollutants like acetaldehyde.

Multicomponent heterojunctions
Multicomponent heterojunctions have also been re
ported for enhanced photocatalysis. For instance, Yu 
et al. [52] successfully prepared Ag3PO4/MOF-In2S3/ 
Bi2S3 double Z-scheme heterojunctions, which showed a 
high photocatalytic activity toward the degradation of 
antibiotic residues of ofloxacin. In another study, Yu 
et al. [53] prepared Ni-MOF/g-C3N4/CdS quaternary 
composites that contained type I, type II and S-scheme 
heterojunctions, forming a closed loop for electron mi
gration, which led to a remarkable rate of photocatalytic 
hydrogen evolution (17.844 mmol g-1 h-1) without pre
cious metal-based cocatalysts.

In general, the preparation of multicomponent hetero
junctions involves complex procedures, and the photo
catalytic performance may be compromised by the 
limited stability of the composites. Thus, extensive re
search efforts are being devoted to mitigation of these 
issues because of their high potential in specific appli
cations.
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Conclusion and outlook
MOF-based heterojunctions have found diverse appli
cations as effective photocatalysts in various fields, in 
particular, environmental remediation and sustainable 
energy technologies. Despite the progress in recent 
years, key challenges remain; in particular, the inherent 
complexity of the material structure poses significant 
challenges in unraveling the photocatalytic mechanisms. 
In addition, hindered by factors such as low light con
version efficiency and poor thermal stability, such 

photocatalysts have been far away from practical appli
cations. Thus, further research is strongly desired to 
mitigate these critical issues, as summarized below. 

(a) Rational design of MOF scaffolds. Development of 
universally applicable MOF materials with an op
timal arrangement of structural units and enhanced 
nanoscale architectures will be an important first 
step toward the construction of MOF-based het
erojunctions, such that the material’s band structure 

Figure 3  

Current Opinion in Chemical Engineering

S-scheme heterojunction: (a) KPFM image of CeO2/Ce-MOF photocatalyst. The corresponding surface potential distribution of CeO2/Ce-MOF (b,c) in 
the dark and (e,f) under light irradiation. (d) Line-scanning surface potentials from CeO2 (point A) and Ce-MOF (point B). Time-wavelength-dependent 
transient absorption (TA) color maps (pumped at 360 nm) and TA decay kinetics probed at 650 nm: (g,h) CeO2/Ce-MOF and (i,j) Ce-MOF. (k) Band 
potentials and charge separation of CeO2 and Ce-MOF, respectively. 
Reproduced with permission from Ref. [9]. Copyright 2023, Wiley Online Library.  
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can be deliberately modulated to optimize the 
photocatalytic performance. This calls for the de
velopment of effective synthetic protocols.

(b) In-depth structural characterization. Unambiguous 
validation of the heterojuction structure plays a 
crucial role in the mechanistic correlation with the 
photocatalytic activity. This is of particular im
portance when restructuring occurs during the pho
tocatalytic reactions. The issue can be effectively 
addressed by the development of in situ/operando 
microscopy and spectroscopy techniques to unravel 
the structural dynamics.

(c) Computational studies. The combination of theore
tical calculations and experimental studies has been 
known to significantly advance our understanding of 
the photocatalytic mechanisms of MOF hetero
junctions and is anticipated to continue playing a 
key role in future studies focusing on the temporal 
and spatial changes of photogenerated charges in 
MOF photocatalysis. Additionally, the significant 
potential of artificial intelligence (AI) and machine 
learning (ML) can also be exploited for the rationale 
design of heterojunction materials. Specifically, ML 
algorithms can be utilized for rapid screening of 
suitable MOF candidates, and AI models can be 
constructed to design MOF heterojunctions based 
on the band structures of different MOFs and the 
heterojunction types required for specific applica
tions.
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