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ABSTRACT

Metal-organic frameworks (MOFs) are currently popular porous materials with research and application value in various fields such as medi-

cine and engineering. Aiming at the application of MOFs in photocatalysis, this paper mainly reviews the main synthesis methods of ZnMOFs

and the latest research progress of ZnMOFs-based photocatalysts to degrade organic pollutants in water, such as organic dyes. This nano-

material is being used to treat wastewater and has proven to be very efficient because of its exceptionally large surface area and porous

nature. The results show that Zn-MOFs are capable of high degradation of the above pollutants and over 90% of degradation was observed

in literatures. In addition, the reusability percentage was examined and studies showed that Zn-MOFs nanostructure has very good stability

and can continue to degrade a high percentage of pollutants after several cycles. This review focuses on Zn-MOFs and their composites. First,

the methods of synthesis and characterization of these compounds are given. Finally, the application of these composites in the process of

photocatalytic degradation of dye pollutants such as MB, methyl orange (MO), crystal violet (CV), RhB, etc. is explained.
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HIGHLIGHTS

• The performance of Zn-MOFs enhanced photocatalytic activity by scavenging entire chemicals and water pollutant.

• Zn-MOFs are capable of high degradation of the above pollutants and over 90% of degradation.

• MOFs nanostructure has very good stability and can continue to degrade a high percentage of pollutants after several cycles.
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GRAPHICAL ABSTRACT

LIST OF ABBREVIATIONS

MOFs Metal-organic frameworks
NC Nanocomposite
MB Methylene blue
RhB Rhodamine B
MV Methyl violet
MO Methyl orange
CV Crystal violet
RY 145 Reactive Yellow 145
2-CP 2-chlorophenol
DMF Dimethylformamide
BDC Benzene-1,4-dicarboxylate
FT-IR Fourier transform infrared
XRD X-ray diffraction
SEM Scanning electron microscope
EDS Energy-dispersive X-ray spectroscopy
DRS Diffuse reflection spectroscopy
TEM Transmission electron microscopy
GO Graphene oxide
BET Brunauer–Emmett–Teller spectroscopy
SAED Selected area electron diffraction
TGA Thermogravimetry
XPS X-ray photoelectron spectroscopy

1. INTRODUCTION

Exterior contaminants, evaporation, and a complete absence of tap water were all cited as major cultural problems in recent
years (Emam et al. 2020; Liu et al. 2020; Roostaee & Sheikhshoaie 2022a). Furthermore, water quality has deteriorated
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dramatically in recent years as a result of growing urbanization, worldwide industrialization, and population growth, causing

serious difficulties for microorganisms and humans (Liu et al. 2008; Zhang et al. 2021a). Different industrial activities
released large amounts of extra effluent into the ecosystem, resulting in severe environmental contamination (Liu et al.
2021a; Tan et al. 2022a). For instance, industrial effluents with a toxic effect, such as benzene, phenols, antibiotics (Chen

et al. 2022), and dyes with high toxicity and difficult degradability, might infect sea life and the environment (Chen et al.
2021a; Fauzi et al. 2022). Generally, natural and synthetic/artificial dyes are the two main types of dyes. Plants source provide
natural dyes, such as lichens, fungus, woods, fruits, leaves, roots, bark, and lichens while chemical dyes, earth minerals, and
petroleum compounds were used to create artificial dyes. Synthetic dyes are usually employed in dyestuff and printing pro-

cesses in sectors such as textiles, leather, cosmetics, and papers, owing to the high demand for individualization (Roostaee &
Sheikhshoaie 2022a). On the other hand, textile colors and some other chemical dyes, are extremely easily combined with
freshwater resources from other sectors. Furthermore, due to the highly hazardous chemical compounds included in these

dyes, they can be regarded as serious water pollutants (Senthil et al. 2019). The dye may be the first toxin discovered in
sewage. It is well acknowledged that the dye has a significant impact on popular estimates of the quality of water. As a
result, creating an effective technique to eliminate contaminants from wastewater is critical, and researchers around the

world are paying special attention to this problem (Firouzeh et al. 2021; Ghazal et al. 2021).
Semiconductor photocatalytic technology has shown significant potential in the degradation of pollutants in recent years

(Guo & Wang 2019). However, traditional photocatalysts which were among the first investigated photocatalyst can only uti-

lize ultraviolet. To date, numerous novel visible-light-driven semiconductor photocatalysts have been explored to overcome
the drawbacks of existing catalysts and further advance photocatalytic technology. Photocatalysts are the heart of photoca-
talytic technology, which has gained popularity as a green method for the total degradation of organic pollutants utilizing a
freely available solar energy source without emitting any secondary pollution (Wen et al. 2020; Bai et al. 2021). Today, var-
ious sciences (Alimadadi et al. 2019; Volodymyr et al. 2021; Akter et al. 2022) such as environment (Alshehrei et al. 2021;
Wang et al. 2021a; Awad et al. 2022; Dai et al. 2022a), engineering (Assi et al. 2021; Hussein et al. 2021; Li et al. 2021a; Majdi
& Vacareanu 2021), computer (Liu et al. 2021b), agriculture (Tian et al. 2021a, 2021b; Wang et al. 2022a), chemistry (Ge

et al. 2019; Liu et al. 2020; Qin et al. 2022), physics (Li et al. 2022a), and medicine (Chen & Wang 2021; Endriani et al.
2022; Kausikan et al. 2022; Mahawar et al. 2022; Zheng et al. 2022) have made significant progress (Amiri et al. 2020;
Chu et al. 2020; Zhao et al. 2020a, 2021a, 2021b, 2021c, 2021d; Nazeer et al. 2022; Rashid et al. 2022a; Zhao et al.
2022a, 2022b). Nanoscience is no exception to this rule (Barani et al. 2020; Bilal et al. 2020; Chu et al. 2021; Sargazi
et al. 2021; Salarpour et al. 2022). Nanoparticles such as nanocubes (AlYahya et al. 2018), nanotube (Gao et al. 2021;
Jasim et al. 2022a), nanocages (Salahdin et al. 2022), nanofibrous (Jasni et al. 2017), nanomagnetic (Akbarizadeh et al.
2022a; Cao et al. 2022; Jasim et al. 2022b; Sadeghi et al. 2022), nanorods (Isacfranklin et al. 2020a, 2020b), chain like

(Swathi et al. 2020), nanoplates (Vidhya et al. 2021), nanoporous (Yang et al. 2019a), bimetallic (Cao et al. 2021a; Ameen
2022), titanium (Ahmed et al. 2020), silver (Ameen et al. 2018, 2019, 2020a, 2020b, 2021a; Kim et al. 2018; Mohanta
et al. 2018; Mythili et al. 2018a; Valarmathi et al. 2020; Rajadurai et al. 2021; Almansob et al. 2022a; Begum et al. 2022),
tin oxide (Al-Enazi et al. 2021; Wang et al. 2022b), gold (Iram et al. 2017; Mythili et al. 2018b; Rahim et al. 2018; Alsamhary
et al. 2020), selenide (Naveenraj et al. 2018), zinc oxide (Saravanan et al. 2018; Ameen et al. 2021b), copper (Ghodake et al.
2018; Sonbol et al. 2021a; Indhira et al. 2022), chromium (Isacfranklin et al. 2020c), graphene (Khan et al. 2020), palladium
(Sonbol et al. 2021b), nickel (Moghadam et al. 2022; Nazaripour et al. 2022), barium (Hashemi et al. 2021) nanoparticle
(Roostaee & Sheikhshoaie 2020; Aljumaily et al. 2022; Cao et al. 2022; Xia et al. 2022), capped/doped (Rao et al. 2018;
Begum et al. 2021; Cao et al. 2021b; Akbarizadeh et al. 2022b; Haghighat et al. 2022), core-shell (Khatami et al. 2018; Shafiee
et al. 2022), MOF (Alahri et al. 2021), COF, carbon fiber (Gao et al. 2022), etc (Almansob et al. 2022b; Ameen et al. 2022;
Megarajan et al. 2022), are important category of materials that can be explored to various applications (Jia et al. 2014; Guo
et al. 2017; Gao et al. 2019; Xin et al. 2021; Yang et al. 2021a; Chu et al. 2022a; Li et al. 2022b; Mohammed et al. 2022;
Zhang et al. 2022). This material uses in many fields such as drug delivery (Barani et al. 2021a, 2021b; Obireddy & Lai

2021; Rabiee et al. 2021; Zha et al. 2021), antioxidant (Gangalla et al. 2021), energy deposition (Yang et al. 2021b), sickness
treatment (Chen et al. 2021b), removal (Yang et al. 2019b), photo-catalyst (Khatami & Iravani 2021; Al-Nayili et al. 2022;
Selvam et al. 2022; Shafiee et al. 2022), corrosion (Li et al. 2022c), green manufacturing (Zhang et al. 2018a; Wu et al.
2021), antibacterial (Arkaban et al. 2022; Mortezagholi et al. 2022; Nazaripour et al. 2022; Subramaniyan et al. 2022), anti-
fungal (Mostafa et al. 2020; Sarika et al. 2021), sensors and biosensors (Nazari-Vanani et al. 2019; Alhomaidi et al. 2022;
Roostaee & Sheikhshoaie 2022b, 2022c; Roostaee et al. 2022), batteries (Rajabizadeh et al. 2022), microgrinding (Li et al.
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2016; Zhang et al. 2017; Yang et al. 2021c; Jia et al. 2022), biomedical (Alijani et al. 2021; Raeisi et al. 2021) and so on

(Kumar et al. 2022). Metal-organic frameworks (MOFs) are one of the most widely used and important of these nanostruc-
tures (Safaei et al. 2019; AlNadhari et al. 2021).

For a variety of uses, such as gas sorption and separation, sensing devices, photocatalytic degradation, and drug carriers,

MOFs with enormous surface areas, homogeneous catalyst surfaces, extendable enormous porosity size, and highly ordered
tunable pore were evaluated (Abdelhameed & Emam 2022; Abdelhameed et al. 2022). One of the most important appli-
cations that have found many enthusiasts today is the use of MOFs in photocatalytic degradation (Zhang et al. 2021b; He
et al. 2022). Metal-organic frameworks, a new class of porous crystalline materials, have piqued the interest of researchers

due to their amazing properties such as large surface area, crystallinity, and controllable porosity, as well as their extensive
application potential (Bazi Alahri et al. 2021; Zhu et al. 2022). Garcia et al.’s research proved that MOF-5 had both great
potential for applications and catalytic performance (Abdelhameed et al. 2021a; Emam et al. 2021). Ever since, the catalysts

removal of organic contaminants using MOFs as photocatalysts has gained popularity as a proposed study (Abdelhameed
et al. 2021b). In contrast to traditional porous substances, MOFs can be made in a more controlled environment that
enhances stability, and by changing individual components, it is possible to thoroughly develop the physicochemical proper-

ties. Currently, organic pollutant listeria is being reduced by using photoactive MOFs that function as photocatalysts
(Ebrahimi et al. 2018; Abdelhameed et al. 2021c). Photoactive MOFs have the following benefits over traditional inorganic
photocatalysts: (1) The intrinsic porosity of the material can let organic contaminants and chemicals diffuse via open chan-

nels, and that is critical for photocatalytic degradation performance, (2) Because of the modular nature of MOF produced,
this new class of photocatalysts can be rationally designed and fine-tuned at the molecular scale, allowing the electrical struc-
ture of MOF photocatalysts to be readily modified, (3) Various synthetic methods, such as vapor diffusion, solvothermal
approach, ultra-sonication, and emulsion-assisted precipitation, enable MOF photocatalysts to have excellent crystalline qual-

ity and morphologies (Zhang et al. 2018b).
With various advances in mathematics, physics, chemistry, biology, medicine, and other sciences (Amiri et al. 2021a, 2022;

Rezapour et al. 2021; Ashpazzadeh et al. 2022; Chu et al. 2022b; Iqbal et al. 2022; Qian et al. 2022; Zhao et al. 2022c, 2022d),
the removal of contaminants from water is not impossible (Liu et al. 2018; Dai et al. 2022b), and as mentioned, it has various
solutions, including photocatalytic degradation. When exposed to UV and visible irradiation, a small percentage of Zn-MOFs
or Zn coordination polymers were examined for photocatalytic destruction of organic molecules (Tian et al. 2021c). Under

visible light illumination, three Cd and two Zn coordination polymers showed relatively significant photocatalytic perform-
ance in the destruction of methylene blue (MB), according to the Liu and Ma group. Wang’s group produced two Zn and two
Cd coordination polymers based on the thiophene-pyridyl-amine ligand for photocatalytic MB degradation under UV–Vis
illumination (Wang et al. 2017). When exposed to UV light, the Zhang group developed a Zn coordination polymer contain-

ing 2,4,5 tri(4-pyridyl)-imidazole and naphthalene-1,5-disulfonate, which displayed strong photocatalytic performance for the
decomposition of rhodamine B (RhB) (Wang et al. 2018a). The Zn-MOFs with 1,4-bis(triazol-1-yl)terephthalic acid ligand dis-
played photocatalytic degradation of methyl violet (MV) and RhB when exposed to UV light. according to Ma, Liu, and

Kumar (Jin et al. 2018).
This review focuses on Zn-MOFs and their composites. First, the methods of synthesis and characterization of these com-

pounds are given. Finally, the application of these composites in the process of photocatalytic degradation of dye pollutants

such as MB, methyl orange (MO), crystal violet (CV), RhB, etc. is explained.

2. STRUCTURE OF ZN-MOFS

As noted previously, the controllable characteristics of the composites produced as a result of the preparation of MOF cat-
alysts have attracted considerable interest over the past few decades. Zn-MOFs, one of these compounds, have a variety of
characteristics, including high specific surface areas, tunable sizes, and suitable energy band gaps. As a consequence, it

might lead to improved behavior in a variety of uses (Safaei et al. 2019).
Manna et al. (2018) synthesized Zn(II)-Based MOF. This metal-organic framework was created via gradual diffusion of the

ligand L and ZnSiF6 at room temperature, resulting in block-shaped yellow crystals. This group investigated the structure of

prepared Zn-MOFs. The asymmetric component is made up of a SiF2�
6 anion, two linkers, and Zn(II) metal ion, with dichlor-

omethane and some other disorganized compounds filling the voids (Figure 1(a)). The Zn(II) metal terminal is octahedrally
coordinated with the N4F2 donor, with the spacing between Zn(II) and equatorial nitrogen atoms being 2.139 while the
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spacing between Zn(II) and axial F atoms being 2.153. Anions of SiF2�
6 have been discovered to form a link between two

metal centers. The spaces of a produced metal-organic framework (Figure 1(b)) are packed with dichloromethane solution,
in which the H6 atom interacts with the F3 atom at the metal node by hydrogen bonding.

According to Hou et al., ZnMOF-74 demonstrated good fluorescence stability and established a hexagonal structure

when Zn2þ had been coordinated with the carboxyl and hydroxyl groups of DOBDC linkers. ZnMOF-74, which has
mean distances of 300 and 300 nanometer in the large and small axis, has excellent dispersion in aqueous electrolyte
and provides superior day-to-day stability, making it an attractive fluorescent sensing system for Fe3þ diagnosis in a

source water. Dang et al. prepared a innovate Zn-MOFs composite, [Zn(L1)(L2)] [4, 40-bibenzoic acid-2, 20-sulfone (L1)
and 4, 40-azopyridine (L2)]. 4 carboxylic oxygen ions from 3 L1 linkers and two nitrogen molecules from two similar L2
linkers seemed to be six-coordinated at the Zn (II) site in a novel Zn-MOF. In order to connect 3 zinc molecules, the 2

carboxylic acid factions of the L1 linker were then coordinated by two separate coordination methods, complexing coordi-
nation and monotone coordination establish. The azo connections in organic linker L2 were steady trans combinations.
Zn1-N4¼ 2.194 (3), Zn1-O4¼ 2.169 (2), Zn1-O5¼ 2.357 (3), Zn1-O3¼ 2.06 (2), Zn1-O6¼ 2.070 (2), and Zn1-N1¼
2.112 (3) were the bond widths (Figure 1(a)). L1 and L2 were able to span adjoining Zn…Zn ranges of 13.224 and

5.068, respectively. Curiously, there was a clear π···π stacking contact between the contrasting L1 linkers (3.51). Conse-
quently, a three-dimensional (3D) structure was created as a result of the coordination method of Zn2þ atoms and the
concentration influence (Figure 2) (Dang et al. 2020).

Li et al. prepared successfully MOF5. Zinc serves as the main metal in MOF5, and H2BDC serves as the organic
linker. Initially, the secondary structural component Zn4O(BDC)3 is formed by combining 4 zinc molecules and
one oxygen molecule from H2BDC; Metal ions are encased within this 2nd structural component, which has an octa-

hedron shape and serves as the frame domains. The powerful interaction force makes the entire structural system
extra steady, and Zn4O(BDC)3 joins with the linker to create a three-dimensional skeletal structure with small
pores. (Li et al. 2021b).

3. SYNTHESIS OF ZN-MOFS AND THEIR COMPOSITE

3.1. Hydrothermal method

The word hydrothermal comes from a geology term. Sir Roderick Murchison (1792–1871), a British geologist, used the word
to explain how water at high temperatures and pressure causes changes in the earth’s crust, resulting in the production of
numerous rocks and minerals (Byrappa & Yoshimura 2012). In general, the hydrothermal process involves the use of a

Figure 1 | The architecture of Zn-MOF reproduced from (Manna et al. 2018).
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high-temperature, high-pressure aqueous solution to permit the dissolution and recrystallization of otherwise insoluble
material (Wang et al. 2022c). It has been widely used in material synthesis, chemical reactions, and waste-material treatment,

and has evolved into a vibrant field of scientific investigation (Erwei et al. 1996).
Hydrothermal techniques were used to make a variety of MOFs with various sizes, morphologies, and crystalline struc-

tures. Even though numerous MOFs have been described to date, there are still various obstacles that remain before they

may be employed in many functions, such as surface charge, size, shape, toxicity, and stability. These characteristics are
not distinct and interact with one another (Chen & Wu 2018).

Dang et al. (2014) developed a new 3-dimensional acylamide MOF, namely Zn(L) (BPDC)·H2O(1, BPDC2¼ biphenyl-4,40-
dicarboxylate,L¼N,N0-diphenyl-terephthalamide) by solvo(hydro)thermal process. solid-state luminescence, thermogravime-
try, and Single-crystal X-ray diffraction studies were used to describe this polymer.

Hajiashrafi & Kazemi (2019) produced ZnO nanoparticles using a simple and reproducible process involving thermal

decomposition of a zinc-based metal-organic framework (Zn-MOFs). The self-assembly of dehydrating benzene-1,4-dicarboxy-
late (BDC) as metal ion sites and organic bridging ligands and zinc acetate, led to the creation of MOF-5 in dimethylformamide
(DMF) as a solvent in the present and absent tri-ethylamine (TEA) as capping agent. FTIR was used to investigate functional
groups, XRD was used to determine the crystalline structure, SEM was used to evaluate size and morphology, EDS to look

into chemical properties, and diffuse reflection spectroscopy (DRS) was used to investigate UV protective properties.
Zhao et al. (2018a) used a hydrothermal technique to make Zn2GeO4/Mg-MOF-74 composites. The TEM images, SEM

images, and XRD patterns show that the Zn2GeO4/Mg-MOF-74 composites were successfully synthesized. The close connec-

tion between Zn2GeO4 and Mg-MOF-74 is ascribed to tetramethylammonium hydroxide (TMAOH) coated on Zn2GeO4

interacting with the MOF-74’s Mg-2,5-dioxide-1,4-benzenedicarboxylate (H4DOBDC), founded by IR spectrum and TEM
images.

Figure 2 | X-ray formation of 1’s single crystal. L1’s linker coordination shape (a); Zn2þ ionic species’ atmosphere for coordination in 1
(b observe of the first’s 3-dimensional structure (c); observe of the π···π stacking interaction (3.79 and 3.51) among the L1 linkers
(d) reproduced from (Dang et al. 2022).
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Wei et al. (2020) synthesized Zn-MOFs by a hydrothermal method. In their work, Zn2þ and 5,10,15,20-tetrakis(4-carbox-

yphenyl)porphyrin (TCPP) were integrated into a porphyrin paddlewheel framework (Zn-MOF). Studies have shown that the
electrochemiluminescence property of the produced Zn-MOFs material has been enhanced after it was composited with gra-
phene oxide (GO).

3.2. Coprecipitation method

Solutions-based approaches, particularly coprecipitation, which has been used for some time and developed in the early
twenty-first century, are one of the most significant methods for synthesis. Coprecipitation is the most simple, suitable, and

efficient approach (Laurent et al. 2008). The three main steps of saturation, nucleation, and growth determine the shape
of the synthesized material. The salts employed, the pH of the solution, the temperature, and the ionic strength of the
media all influence the size, shape, and composition of the produced particles (Roostaee & Sheikhshoaie 2020).

There are two steps in the coprecipitation process: the first happens when the species concentration approaches supercriti-
cal saturation and tiny nuclei are created. In the next step, the growth of the crystal occurs due to the diffusion of the solutes
to the surface of the crystal (Roostaee & Sheikhshoaie 2020).

The fundamental advantage of using this technique is that it produces a large number of nanoparticles, however, particle
size distribution control is limited since the kinetic agent is regulated by crystal growth (Dong & Koenig 2020). Currently,
many metal-organic frameworks are prepared using the co-precipitation method.

Wang et al. (2018b) used a simple co-precipitation approach to successfully synthesize a hierarchical and hollow MOF
composed of parallel stacked triangular sub-MOFs. The hollow MOFs were then transformed into composites made of
binary metallic nanoparticles and carbon, such as Zn–Mn mixed oxides@carbon (ZnxMnO@C). The resulting ZnxMnO@C
retains the MOF precursor’s particular hollow hexagonal nanodisks (HHNDs) structure, and each triangular plate-like com-

ponent is made up of a continuous carbon matrix inserted evenly inside the nanoscale ZnxMnO nanostructure.
Liang et al. (2020) synthesized MOF-derived spinel ZnCo2O4/ZnO/C heterostructure anode. Using two-step annealing of

cyanide-bridged coordination polymer initial compounds, spinel ZnCo2O4/ZnO/C hierarchically nanostructured materials

were effectively produced. The regular cube structure and a high surface area, enhance charge transfer into the electrode
materials and provide good charge transport kinetics, as shown by hierarchically porous compounds.

Opelt et al. (2008) successfully used a coprecipitation technique to manufacture 0.5 wt. percent palladium supported on

MOF-5. The observed surface area reached around 900 m2/g, the effective micropore size was approximately 0.3 cm3/g,
and the powder X-ray diffraction patterns matched the predicted pattern of MOF-5 well. MOF-5 is a commonMOF composed
of benzene-1,4-dicarboxylate as linkers producing a cubic network and Zn4O6

þ clusters as metal centers.

3.3. Sol-gel method

Sol-gel preparation is an efficient and flexible approach for the fabrication of functional inorganic and hybrid compounds that
allow for molecular composition control as well as material organization at various length scales important to basic and prac-

tical research (Ghazal et al. 2021). Recent advancements have made it possible to utilize it to manufacture MOFs (Park et al.
2016). Sol-gel techniques can be used to manipulate MOFs directly or as a pathway to the creation of composite materials in
which the MOF’s characteristics are synergistically mixed with those of a properly chosen inorganic component. In this study,

we highlight the most notable advances in this growing field, organized around four primary synthetic techniques, with a
special emphasis on demonstrating how sol-gel processing improves the capabilities of the MOF. These strategies include:
(1): MOF crystals are controllably positioned or grown on inorganic surfaces (2): sol-gel precursors were used to manipulating

the pore surfaces of MOFs on a molecular scale (3): the utilization of sacrificial inorganic templates produced from sol-gel
for the creation of MOF-based architectures and (4): the employment of MOF crystals as sol-gel process templates (either
within the pores or at the external surfaces) (Au et al. 2016). Every one of those processing techniques gives distinct features
to the systems and provides a path to higher-order structures and material compositions not available by traditional MOF

synthesis processes. The sol-gel method offers prospective paths toward novel functional compounds with increased features,
and it is expected to play a significant role in enabling MOFs to be optimized for various applications (Sumida et al. 2017).

Alwin et al. (2018) synthesized TiO2 aerogel–Zn-MOFs nanocomposite using the sol-gel technique. With the help of glacial

acetic acid and deionized water, titanium isopropoxide (TIP) was fixed. For 1 hour, the titania sol was rapidly stirred. In the
titania sol, around 10% Zn–MOFs for TIP were added, and the solution was stirred for 2 hours. The reported approach was
used to make the MOF [Zn(N-(4-pyridylmethyl)-L-valine⋅HCl)(Cl)](H2O)2. The BET result shows surface area of the
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nanocomposite material which was 250 m2g�1, with an average pore size of 5 nm. The continuous organization of the pore-

solid network structure was shown by field emission scanning electron microscopy (FESEM) images. The existence of MOF
clusters on the TiO2 aerogel network is shown by energy-dispersive X-ray analysis. The presence of specific oxygen vacancies
in the nanocomposite material is further confirmed by an X-ray photoelectron spectroscopic study, which also supports the

formation of MOF clusters in the aerogel system.

3.4. Sonochemical method

Sonochemistry is the study field of molecules that undergo chemical reactions as a result of the application of strong ultra-
sonic radiation (20 kHz–10 MHz). Acoustic cavitation is the physical phenomenon responsible for the sonochemical method.
Sonochemical approaches based on homogenous and rapid nucleation can also produce a shorter crystallization time and

also much smaller particle size than the traditional solvothermal approach. The sonochemical approach is a simple, effective,
and extensively used strategy for the preparation of MOFs. A base solvent combination for one certain MOF structure is
injected into a horn-type pyrex reactor fitted with a sonicator bar with an adjustable power output that does not require exter-

nal cooling Acoustic produced cavitation occurs when bubbles in a solution following sonication develop and collapse,
resulting in extremely relative high temperatures (5,000 K) and pressures (1,000 bar), (Sonbol et al. 2021b; Moghadam
et al. 2022), as well as incredibly rapid heating and cooling speeds (.1,010 K/s) that produce ultrafine crystallites. In 24

hours at ambient temperature, Wiwasuku et al. employed sodium acetate as a modifying agent and ultrasonic irradiation
to produce homogeneous Zn-MOFs octahedral microscopic particles with a mean range of 1.7 μm. The microparticles
obtained from the ultrasonic approach have a higher detection sensitivity than the polycrystalline Zn-MOFs because of
their smaller size. The two uncoordinated Lewis basic sites have a big impact on the detection’s sensitivity and selectivity

(Wiwasuku et al. 2020).
For the first time, Son et al. (2008) used a sonochemical technique to generate extremely good quality MOF-5 crystals of

5–25 μm in size in a substantially shorter synthesis time (ca. 30 min) than the traditional synthesis process (24 h).

Abuzalat et al. (2018) in this research used sonochemical processes to establish a quick and simple approach for creating
metal-organic framework films in situ on zinc or copper metal substrates. The precursor was initially treated with a powerful
oxidant to convert the metal to the appropriate metal hydroxide. Ultrasonic (Guan et al. 2021) irradiation provided sufficient

energy to initiate the reaction between organic linkers and metal ionic species. This method was used to successfully syn-
thesize 4 MOF films (Cu-BDC, Cu-BTC, MOF-5, and ZIF-8). Characterization of the films was done using SEM and XRD
analysis. The influences of ultrasonic irradiation duration and organic ligand concentration on the production of MOF
films were also thoroughly explored. The quick and simple manufacturing process described in this research might lead

the way for the growth of MOF films on diverse gas sensor surfaces.
Abdollahi et al. (2018) produced a 3-D Zn(II)-based MOF of [Zn4(oba)3(DMF)2] by sonochemical and solvothermal tech-

niques employing the nonlinear dicarboxylate ligand, 4,40-oxybis(benzoic acid) (H2oba). The influence of various irradiation

durations and concentrations of primary reagents on the achievement of monotonous morphology was explored. The results
suggest that extending the duration of irradiation and reducing the concentration can result produce homogenous nanoplates.
The influence of the synthesis process on the porosity of the framework was investigated using N2 adsorption.

3.5. Polyol method

After almost several decades of research, the polyol technique is now commonly recognized and employed as a unique flex-
ible chemical technology for the manufacture of a wide range of nanoparticles that may be used in significant technical areas.
This approach has several advantages, including the convenience of use, low cost, and, most significantly, scalability for
industrial uses. Metals were the first category of inorganic nanoparticles to be described as being able to be produced in

liquid polyols. This method’s ability is also demonstrated in the fabrication of alloys, inter-metallic, core-shell nanostructures,
and MOFs with a wide range of compositions (Fiévet et al. 2018).

Khan et al. (2014) developed carbon with porosity (PC-900) by rapid carbonization of porosity MOF-5 (Zn4O(bdc)3, bdc¼
1,4-benzenedicarboxylate) at 900 °C. Using the polyol reduction process, the carbon substrate was covered with PtM (M¼Ni,
Fe, Cu, and Co (20% metal concentration) nanostructures, and the catalyst PtM/PC-900 was produced for fuel cells (DEFCs).
The XRD, and EDS techniques were used to characterize this catalyst.
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3.6. Electrochemical method

Under oxidizing conditions, the electrochemical technique may be utilized to produce metal-organic frameworks. Electrons
are used as reactants in this technique. It is a non-polluting procedure that does not pollute the environment. However, plati-

num, which is employed as an electrode, is expensive (Roostaee & Sheikhshoaie 2020).
The mixed-ligand Zn-based MOF [Zn(1,3-bdc)0.5(bzim)] was synthesized by de Lima Neto et al. (2019) by using an electro-

chemical technique. In studies of various process parameters, the current density and duration of reaction were shown to be
the most important factors impacting the purity and yield of the result. A 120 minutes reaction duration and A 60 mA current

were determined to be the optimal conditions for obtaining pure-phase MOF with maximum yields (87%). When compared to
traditional diffusion, hydrothermal, and solvothermal procedures, the applied synthesis conditions enabled a considerable
reduction in response time and crystallite size. FT-IR, PXRD, thermogravimetry (TG), BET, and SEM were all used to prop-

erly describe the most promising sample.

4. CHARACTERIZATION OF ZN-MOFS

The synthesized Zn-MOFs can be characterized with several instruments and methods. Numerous sciences, including
pharmacology, physics, mathematics, statistics, and medicine, have advanced considerably in recent decades (Hajiseyedazizi
et al. 2021; Rashid et al. 2021; Zhao et al. 2021e; 2021f; Jin et al. 2022; Rashid et al. 2022b; Wang et al. 2022d). Character-
ization methods are one of the most important advances in science. The morphology of Zn-MOFs composites was
investigated by SEM and TEM images. The purity of synthetic compounds can also be obtained by EDS analysis. One of
the most important methods for characterizing Zn-MOFs is XRD, which presents the crystal structure of the synthesized com-

pound. BET and FT-IR are other methods of characterizing Zn-MOFs, which are described below characterization of Zn-
MOFs composites with these methods.

4.1. XRD patterns of Zn-MOFs

XRDmethods were used to further analyze the crystal structure of Zn-MOFs-1. Based on single-crystal XRD data, Zn-MOFs-1

is constructed using Zn2(–COO)4(-Py)2 pillared paddlewheels as supplementary building components (SBUs), that have 6
coordinates coupled by BPDC2� and DPyF, the SBU ligates 2 Zn (II) ions with 4 O atoms from carboxylate groups and
one pyridine N atom, leading in deformed tetrahedral structures. Each SBU subsequently connects four neighboring SBUs
with BPDC2� ligands to form 2D layer structures that are supported by a pyridine-based DPyF linker to form 3D frameworks

(Wang et al. 2021b).
Ling et al. (2019) used PXRD to confirm the structural properties of Cu–ZnMOF. Peaks were assigned to the (100), (110),

and (004) planes at 5.82°, 7.49°, and 13.80° indicating the sheet structure and effective assembly of Cu–ZnMOF.

Li (2021) recorded the PXRD pattern Zn-MOFs. Figure 3 depicts the XRD of a synthesized ZnMOF, indicating that this
metal-organic framework was successfully produced.

Hou et al. (2019) demonstrated in their study that the XRD pattern of synthesized Zn-MOF-74 corresponded well with that

of simulated Zn-MOF-74. Zn-MOF-74’s characteristic diffraction peaks emerged at 2¼ 6.8° and 2¼ 11.7°, which were associ-
ated to the (110) and (300) facet, respectively (Mjejri et al. 2017). According to the given characterization data, high
crystalline Zn-MOF-74 was successfully fabricated.

Bagheri et al. (Schweighauser et al. 2017) investigated the crystalline characteristics of the as-synthesized composites using

the XRD technique. The major peaks in the diffraction pattern of flake-like MOF were obtained at 2θ values of approximately
10.7, 11.6, 12.7, 17.5, and 25.1° (Bagheri et al. 2018). Schweighauser et al. reported comparable diffraction peaks for Zn-TA
2D MOFs.

4.2. SEM and EDS images of Zn-MOFs

SEM images are important for microscopy for the characterization of the material (Liu et al. 2021c, 2021d; Jasim et al.
2022c). Zhang et al. (2020) created the Zn-MOFs (MOF-5) and Ni@MOF5. Figure 4 represents the microstructures and typi-
cal morphologies of samples. SEM images of MOF-5 and Ni@MOF-5 materials are shown in Figures 4(a) and 4(b). Figure 5(a)

shows that the size of the MOF-5 (2 μm) used in this study is significantly smaller than the size of the cube MOF-5 (20–
200 μm) described in the studies, demonstrating that the size of the crystal may be decreased under continuous stirring
circumstances.
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Figure 4(b) shows SEM images of 5 percent Ni@MOF-5. The SEM image of the 5 percent Ni@MOF-5 compound is not
considerably dissimilar from the structure of MOF-5, demonstrating that the adding of Ni2þ does not affect the original crys-
tal’s morphology.

Moradi et al. (2019) prepared successfully MOFs known as Zn2(oba)2bpy, (1; H2oba¼ 4,4-oxybisbenzoic acid and bpy¼
4,4-bipyridine) linkers. Figure 5 illustrates SEM images of a produced MOF.The sizes and morphology of synthesized nanos-
tructures are affected by a variety of factors, including the concentration of the initial reactants (Kim et al. 2011). To study the
influence of this factor on the size and morphology of the MOF, SEM was used to characterize the sample produced using a

varied concentration of initial chemicals. Figure 6 illustrates SEM images of MOF produced at various initial reactant con-
centrations of 0.01, 0.02, and 0.04 M. Increased levels of the preliminary chemicals reduced crystallite diameter, as shown by
the compared of specimens of different doses (Figure 6(c) and 6(d)).

Figure 3 | XRD pattern of Zn-MOFs reproduced from (Li 2021).

Figure 4 | SEM images of (a) MOF-5 and (b) Ni@MOF-5, reproduced from (Zhang et al. 2020).
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Patel et al. (2018) successfully synthesized amine-functionalized Zn(II) MOF. The crystalline material for produced MOF

has a well-defined shape, as shown in SEM images of this composite.
Ling et al. (2021) prepared MOF sheets (Zn–ZnMOF) with Zn as the node and zinc(II)tetraphenylporphyrin (TCPP(Zn)) as

the linker. Initially, SEM images was used to investigate the morphology and size of the generated Zn–ZnMOF sheets. The

result indicated that the Zn–ZnMOF could be characterized by SEM images that have a sheet-like shape with a diameter of
hundred nanometers, indicating that the Zn–ZnMOF sheets are ultrathin. The existence of carbon, nitrogen, oxygen, and zinc
elements in the Zn–ZnMOF was also shown by energy-dispersive spectroscopy and SEM elemental mapping.

Rosales-Vázquez et al. (2020) invented by reacting Zn(II) ions in DMF with 1,4-benzenedicarboxylic acid (H2BDC) and
isoquinoline (iQ), a new blue photoluminescent 2D MOF with the composition [Zn2(2-BDC)2(iQ)2] was generated with
good solvothermal performance. SEM and EDS analysis were used to investigate the crystalline substance. According to

images taken using a scanning electron microscope, there are micrometric bands with a well-defined plane pointing in the
transverse direction. The SEM images show the edge of a bar with the expected cleavage for monoclinic crystals, confirming
the crystal system discovered by XRD research. The results demonstrate that the morphology is homogeneous, which may be
due to the existence of only one phase in the monoclinic unit cell. EDS elemental mapping of Zn-MOFs is also investigated.

EDS analysis shows the existence of C, O, and N in the sample’s chemical composition; additionally, the signal of Zn atoms
was identified throughout the crystals, indicating a homogenous distribution of Zn in the produced compound.

4.3. TEM images of Zn-MOFs

Rani & Kataria (2021) report a highly effective synthesized zinc–metal-organic framework-8 and silver quantum dot (Zn-
MOF-8@AgQDs) composite. TEM image was used to investigate the size and morphology of the metal complex and its com-
posite. TEM pictures of Zn–MOF-8 nanostructures and their QDs composites are shown in Figure 7. Figure 7(b) exhibits the

Zn–MOF-8 exhibited cube-shaped morphologies with sizes ranging from around 186 nanometers. Furthermore, the Zn-
MOF–8@Ag composite demonstrated that Ag particles adhered to the surface of the Zn–MOF-8. Figure 7(c) shows that
Ag QDs particles have a strong attachment to the surface of Zn–MOF-8, leading to a smooth route for electron collection
and transmission.

Compound adsorption substances combine the benefits of a variety of adsorptive chemicals while also compensating for
the shortcomings of individual adsorbent materials. The adsorption characteristics of magnetic montmorillonite (MMMT)
for Pb are excellent (II). Shen et al. Zn-BDC, a type of MOF, was produced and in situ polymerized onto the surface of

MMMT to improve the material’s adsorption properties. TEM images were used to characterize the composite material
MMMT@Zn-BDC. The composition and internal structures of Zn-BDC, MMMT, and MMMT@Zn-BDC were studied
using TEM. According to the results, the Fe3O4 nanoparticles are roughly uniform, whereas the irregular crystals are

Figure 5 | Schematic diagram of chemical structures for MOF5 reproduced from (Li et al. 2021b).
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MMT. On the same surface, Fe3O4 and MMT are nearly evenly distributed. The successful preparation of MMMT was

approved. According to TEM images, the Zn-BDC crystals are generally irregular and have a narrow lattice structure. A
thin lattice structure emerged after preparing Zn-BDC on the MMMT area. Finally, it was determined that a thin lamellar
structure had been effectively produced (Shen et al. 2018).

Hu et al. (2018) created an electrochemiluminescence (ECL) sensor for the detection of clenbuterol using a unique zinc-
based metal-organic framework–reduced graphene oxide–CdTe quantum dots (ZnMOF-RGO-CdTe QDs) hybrid. The mor-
phology of the prepared nanostructures was investigated using TEM. The results reveal that the CdTe QDs were

Figure 6 | SEM images of Zn2(oba)2(bpy) nanostructures generated in varied concentrations of starting chemicals after a 1 h irradiation time:
(a, b, and c, d) 0.01 M, 0.02 M, and 0.04 M, reproduced from (Moradi et al. 2019).
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distributed evenly on the RGO substrate. It was also possible to determine the particle size distribution. The CdTe QDs had
an average particle size of 3.8+ 0.5 nm, which was comparable with prior results (Yu et al. 2016). The TEM images of the

ZnMOF-RGO-CdTe QDs clearly illustrate the formation of the RGO-CdTe QDs and Zn-MOFs structures. The Zn-MOFs
without RGO-CdTe QDs had an average particle size of 0.34+ 0.02 μm, which was comparable with earlier research
(Stock & Biswas 2012). The presence of RGO affects the development of Zn-MOFs, as evidenced by images of Zn-MOFs

and ZnMOF-RGO-CdTe QDs. In the presence of RGO, the particle size of the Zn-MOFs reduced, and their surfaces
became rough.

4.4. BET of Zn-MOFs

Ribeiro et al. (2021) synthesized Zn(dcpa) MOF (dcpa (2,6-dichlorophenylacetate). At 77 K, N2 adsorption was used to
measure the porosity of Zn(dcpa). Figure 8 illustrates the resulting isotherm, which indicates a starting stage continued by
a gradual increase to p/p0¼ 0.06; after that, there is another significant rise until approaching a virtually constant plateau
with just a little increase between p/p0¼ 0.2 (274 cm3/g) and p/p0¼ 0.97 (303 cm3/g). At 77 K, p and p0 are the adsorbate’s

equilibrium and saturation pressures, respectively. Liu et al. (2013) reported a similar response, attributing the first phase of
the isotherm to the Zn(dcpa) composition with shrinking porosity and the second phase to an extended structure. The
extended structure in this study had a particular pore size of 0.47 cm3/g, computed at a relative pressure of p/p0¼ 0.97,

assuming the holes were packed with fluid N2 at their normal boiling point. one desorption branch displayed hysteresis at
p/p0¼ 0.2, which is consistent with a prior study, however in this example, the hysteresis loop looked to shut at lower press-
ures, indicating a recovery to the shrunken pore form, contrary to Liu et al. finding.

Figure 7 | TEM image of (a) Ag QDs particles, (b) Zn–MOF-8, (c) Zn–MOF-8@AgQDs, reproduced from (Rani & Kataria 2021).
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Li et al. (2019) used a metal-organic framework with high stability, namely ((ZnCl2)3(L)2DMF)n, where L¼ 1,3,5-tris((pyr-
idin-4-ylthio)methyl)benzene(MOF 1), to degrade or adsorb tetracycline from wastewater. The findings indicate that MOF 1

performed well in the adsorption of tetracycline. The BET technique was used to determine the adsorption properties of the
manufactured adsorbents. The hysteresis of the data obtained from MOF 1 was type-H3, and the adsorption-desorption iso-
therm curve was compatible with the usual type-IV isotherm, as predicted by the volume filling theory of mesoporous. The
pore size and total surface area of MOF 1 were 4.7 and 11.86 nm, respectively, according to the BET and DFT techniques (Li

et al. 2020).

4.5. FT-IR spectra of Zn-MOFs

Yang et al. (Zebardast et al. 2018) used a simple solvothermal approach to create MOF-5 and bimetallic MOF-5 (Co/Zn and
Ni/Zn). Various methods, such as FT-IR, were used to characterize the samples (Figure 9). Significant bands in the IR of the
parent compound at 1,578 and 1,381 cm�1 were ascribed to asymmetric and symmetric stretching of the complexes formed of

the BDC linkers, respectively (Sabouni et al. 2010). The in-plane and out-of-plane stretching of the aromatic C-H groups of the
benzene ring found in the BDC linker is attributable to numerous small bands in the area of 1,146–1,017 cm�1 and 820–
600 cm�1, respectively. The adsorbed moisture content is shown by the bands at 3,200–3,500 cm�1 (Sabet et al. 2016). The
IR spectrum of metal-doped specimens (Co/Zn and Ni/ZnMOF-5) seem to be comparable to those of one‘s caregiver
(Pure MOF-5), indicating that the pure MOF-5 framework is preserved throughout modification, as predicted by the research
(Yang et al. 2014).

Figure 8 | At 77 K, the N2 adsorption equilibrium isotherm on Zn(dcpa) in linear (a) and log (b) scales. The adsorption and desorption data are
represented by filled and empty symbols, respectively, reproduced from (Ribeiro et al. 2021).
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The development of heterogeneous photocatalysis (Ma et al. 2022) with numerous binding sites for the production of cyclic
carbonate using CO2 and epoxide has piqued researchers’ curiosity for a long time. By combining multiple functionalized
ligands onto a single framework, Kurisingal et al. created zinc metal-based multi-variate MOFs. The FT-IR spectra further
confirm that all of the catalysts are formed from their linker units and metal precursors. The O single bond H stretching fre-

quency of coordinated water and single bond OH functionality in MOF-5 and MOF-5-OH, respectively, correspond to the
wide peaks in the region of 3,400–3,450 cm�1. Furthermore, the N single bond H stretching vibrations of NH2 functionality
in MOF-5-NH2 are attributed to the two bands at 3,200–3,600 cm�1. The single bond OH peak at 3,475 cm�1 in MOF-5-MIX

may overlap the single bondNH2 functional group peak. The C single bond H stretching vibrations are ascribed to the bands
about 2,950 cm�1 in all catalysts. The symmetric and asymmetric stretching vibrations of the carboxylic (Cdouble bondO)
functionality of the ligand are seen at around 1,675 and 1,500 cm�1, respectively. The conjugated C double bond C stretching

vibrations are responsible for the distinctive bands at 1,610 cm�1. The symmetric stretching vibration of the Zn-O bond at
520 cm�1 demonstrates that Zn was successfully coordinated with the ligands (Kurisingal et al. 2020).

5. APPLICATION OF ZN-MOFS NANOCOMPOSITES AS A PHOTOCATALYST FOR THE DEGRADATION OF
WATER POLLUTANTS

As mentioned, various sciences, including chemistry, physics, mathematics, statistics, and medicine, have advanced signifi-
cantly in recent years (Chu & Zhao 2016; Zhao et al. 2018b, 2019, 2020b, 2020c, 2021g, 2021h; Wang et al. 2020; Amiri
et al. 2021b; Karthikeyan et al. 2021; Xu et al. 2022). One of the most important of these sciences is photocatalysis and

the removal of pollutants from water (Uddin et al. 2021). Every day, natural water supplies and, the seas are contaminated
as a result of increased industrialization. Large industries generate a wide range of harmful compounds, including byproducts
of textile dyes, insecticides, plastics, and organic chemical wastes (Zhang et al. 2015; Arora et al. 2021). As a result, the

removal of toxic sewage has become one of human society’s significant issues. Huge attempts have been made to use nano-
materials as photocatalysts to degrade organic contaminants in polluted water into ecologically friendly organisms. Because
of their nontoxicity, Zn-MOFs are a good semiconductor compound for this function.

5.1. Degradation of methylene blue

MB is a typical thiazine dye with the molecular formula C16H18N3ClS (Arora et al. 2019; Soni et al. 2020a) and is the most
often used compound for coloring silk, wood, and cotton. Because of its molecular structure, it is water-soluble and chemi-

cally stable, making it one of the most widely used dyes in the industry (Huang et al. 2019). MB can induce eye burns, which
might result in irreversible damage to human and animal eyes. It can induce a short duration of quick or hard breathing when
inhaled, whereas absorption through the mouth causes excessive perspiration, burning feeling, vomiting, nausea, methemo-

globinemia, and mental disorientation (Rafatullah et al. 2010). Conventional water treatment procedures, on the other hand,
are unable to easily remove this pollutant. Because of the negative effects on receiving waterways, the treatment of receiving
waters containing such dye is of importance (Xue et al. 2022).

Figure 9 | As-prepared Co/Zn, Ni/Zn, and pure MOF-5 FT-IR spectroscopy, reproduced from (Zebardast et al. 2018).
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Utilizing a hydrothermal strategy, Sindhu et al. synthesized a 3D supramolecular zinc integrated MOF by 4,4’-bipyridine as

the co-ligand and 2,6-naphthalene disulphonic acid as the ligand. Various analytical methods were used to characterize the
MOF for its composition, functional groups, shape, and crystal structure. The photocatalytic activity of MOF under visible
illumination was investigated for the destruction of MB. The synthesized MOF was reported to be nanocrystalline and

had a bandgap of 3.4 eV, according to the results. When hydrogen peroxide was added as an electron acceptor to a Zn-
MOFs and dye analyte solution, the photocatalytic activity was significantly increased. Dye degradation is accomplished
by ligand-to-metal charge transfer (L-MCT). The accelerated oxidation process is responsible for the increased photocatalytic
performance in the existence of an acceptor of an electron. The molecules involved in photocatalytic removal of MB utilizing

Zn-MOFs include hydroxyl radicals and holes, according to scavengers trapping observations. The MOF’s stability is demon-
strated through leaching studies. During recycling studies, the reusability of Zn-MOFs as a photocatalyst for the
decomposition of dye molecules such as MB was demonstrated. Recyclability is critical for the practical application of photo-

catalysts. Reuse tests were performed to determine the reusability of Zn-MOF. The photodegradation process generated a
final product that had been washed with ethanol and used again in the following photodegradation period. The results
show that the Zn-MOF is still active since 5 period. With no discernible activity decrease for MB Photodegradation, the

photocatalytic efficiency drops from 92 percent to 85 percent of MB percentage removal, demonstrating outstanding good
stability. The kinetics of some processes were also analyzed (Abdelhameed et al. 2021b; Emam et al. 2021). Applying the
equation ln (C/C0)¼ kt, where C and C0 are the content of CP at preliminary and t moment, the pseudo-first-order percentage

constant k had been described to recognize the kinetic model of the MB decomposition reaction. The Langmuir-Hinshel-
wood formula was used to fit the data into a first-order model to study the reaction mechanism of the Zn-MOF
photocatalytic activity. This equation shows a linear correlation among log(C/C0) and the time (t) required to degrade MB
(Sindhu et al. 2021).

The photodegradation efficiency of three ZnO samples was investigated following UV light irradiation every 30 minutes for
3 h in 3 experiments, as shown in Figure 10 and Table 1. The performance of ZnO photocatalysts with various ZnO cube,
octahedron, and cuboctahedron, morphologies is 72.70 percent, 82.38 percent, and 85.79 percent, respectively, according

Figure 10 | Relative methylene blue concentration change at various time intervals with prepared ZnO as the photocatalyst reproduced from
(Buasakun et al. 2021).
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to the findings. The octahedral structure of ZnO provides the maximum ability in dye photodegradation (Buasakun et al.
2021). The optical properties are another explanation for photodegradation efficiency. All synthesized ZnO exhibits UV-vis-

ible spectra in the UV region, which are related to the energy for electron transition. Octahedral ZnO has the highest
absorption intensity, but it is only slightly stronger than cubic ZnO. Furthermore, UV-visible spectra measurements were
used to calculate the band gap energy of ZnO using the Kubelka–Munk method, as shown below.

(ahn)2 ¼ K(hn� Eg)

where hν is the photon energy (eV), K is a constant related to the material, α is the absorption coefficient, and Eg is the band
gap energy (eV). The band gaps of cubic ZnO(1), cuboctahedral ZnO(2), and octahedral ZnO (3) are 3.28, 3.15, and 3.11 eV,

respectively. Therefore, the morphologies of synthesized ZnO affect the absorption range and band gap energy. Octahedral
ZnO reveals the lowest band gap energy, which is related to the highest photocatalytic efficiency.

Ye et al. (2016) used diffusion in an H2O–MeOH solvent system to produce several novels MOFs consisting of a transition-
metal organic acid salt and 2, 5-bis(3-pyridyl)-3,4-diaza-2,4-hexadiene (3-bpdh). The findings showed that building blocks and

metal-ion potential should be used to produce MOF self-assembly. The composite photocatalyst TiO2@Zn-MOF was created
by coating MOF microcrystals with titanium dioxide and demonstrating efficient degradation (64 percent) of the MB. Nota-
bly, this method offers a novel technique for improving the photocatalytic performance of MOFs, which might be used as a

photocatalyst. They found that Zn microcrystals are fantastic support for TiO2 catalyst loading, resulting in the creation of
TiO2@ZnMOF core-shell exhibiting excellent yields (64%) and selectivity in the photocatalytic destruction of MB. The signifi-
cant flexibility of this method, as well as the efficient catalytic features of the produced materials, will undoubtedly enhance

the field of functional materials research.
Buasakun et al. (2021) synthesized the composite of ZnO and MOF-46(Zn) to increase the photocatalytic efficiency of zinc

oxide and demonstrate the synergistic theory that exhibited the presence of MOF-46(Zn) and ZnO, offering higher results

than pure ZnO. That nanostructures compound had been created by reacting prepared ZnO with 2-aminoterephthalic
acid (2-ATP) as a ligand and coating the ZnO surface with MOF-46 (Zn). Pyrolysis of different shapes of IRMOF-3(Zn-
MOF) produced using CTAB as a morphological inhibitor was used to modify the ZnO reactant materials. The photodegra-
dation efficiency of the octahedral ZnO produced at 150 mg of CTAB is superior, with 85.79 percent degradation in 180

minutes and bandgap energy of 3.11 eV. In the manufacturing of ZnO@MOF-46, it is utilized as a precursor material (Zn).
In the MB degradation reaction, the performance of the ZnO/MOF-46(Zn) hybrid as a photocatalyst compound was com-
pared to that of pure manufactured ZnO. Heterostructure with 61.20 percent in the MB degradation is greater than pure

zinc oxide within 1 hour (90.09 percent within 180 min). These findings might be explained by the presence of ZnO and
MOF-46(Zn), which allow them to absorb a broader spectrum of energy and reduce the possibility of electron-hole
recombination.

5.2. Methyl orange

Azo dyes, a broad category of colorants, account for over half of all dyes used in the textile dyes used. Because azo linkage
reduction produces potentially carcinogenic aromatic compounds, the release of industrial effluents from textile factories has
produced major environmental pollution concerns. Textile wastewaters containing azo dyes are resistant to standard treating

wastewater due to the toxicity of azo dyes, stability, and the existence of persistent surfactants and some other harmful addi-
tives (Chen et al. 2008). MO is among the most common azo dyes. In conclusion, total methyl orange decomposition from
water seems very important and necessary (Yadav et al. 2022).

Table 1 | Photocatalytic efficiency of all prepared ZnO and ZnO@MOF-46(Zn)-DW, reproduced from (Buasakun et al. 2021)

Samples Experiment 1 Experiment 2 Experiment 3 Average degradation (3hours) Average degradation (1hours)

ZnO (Cube) 66.64 74.70 76.78 72.70 30.98

ZnO (Cuboctahedron) 74.25 83.36 89.52 82.38 39.35

ZnO (Octahedron) 81.83 85.38 90.16 85.79 42.92

ZnO@MOF-46(Zn)-DW 89.53 90.24 90.51 90.09 61.20
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Herrera et al. created a novel semicrystalline MOF from zinc nitrate and terephthalic acid reported a complete analysis of

its chemical and physical features. Zn-BDC was studied in 3 application fields: adsorption/photocatalytic degradation of MO
and MB, as well as the evolution of H2. MO has the greatest adsorption performance, with an increase in the adsorbent dose
of 2,100 mg/g, which is more than the capacity of any of the MOFs mentioned in the study. For the evolution of H2, catalytic

efficiency using MO adsorption was increased 24 times, while the activity of the photocatalyst with MB adsorbed was
increased 27 times (from 47 to 1,148 and 1,259 mol/g, respectively). This is due to improved light adsorption and a reduction
in charge recombination. Zn-BDC MOF is an efficient anionic dye adsorbent, with the greatest constant rates and adsorption
capacity for a MOF reported to date: 2.34� 10�2 g/min and 2,100 mg/g. The high electrostatic interaction, indicated in a

negative Gibbs free energy of 20.115 kJ/mol, is due to Zn-BDC MOF’s extraordinary affinity for MO degradation. Because
of its simple synthesis technique, inexpensive cost, and outstanding photocatalytic hydrogen development and adsorption per-
formance, BDC-Zn MOF is a suitable choice for use in an industrial process. The mechanism of MO photocatalytic

degradation was investigated. As previously mentioned, MO adsorption is mediated by electrostatic repulsion, that
encourages connection among BDC-Zn and the color and could lead to increased decomposition. BDC-Zn-MO is adsorbed
under solar intensity in the first step as a result of MO’s presence. When charged particles move from the conduction band

(HOMO orbital analog) to the valence band (LUMO orbital analog), electrons and holes are created. These particles interact
with solution to form the oxidizing species •OH, which attacks MO and produces a number of precursors. Eventually, MO is
reduced to its simplest constituents, such as CO2 and water. Contrarily, the band gap value was added to the conduction band

to calculate the valence band potential, which resulted in 3.4 eV, which is sufficient for water oxidation (1.23 eV) and the
manufacturing of OH (2.4 eV), the 2nd kinds involved in organic chemical breakdown (Herrera et al. 2020).

Ghourchian et al. developed an innovative and simple method for manufacturing a magnetic Zn2(BDC)2(DABCO) MOF as
a Fenton-like heterogeneous nano-catalyst for azo dyes degradation in aqueous systems. The MOF-chitosan-Fe3O4 nanocom-

posite (NC) was described in this study for MO degradation. In this study, Draper Lin tiny composite structure and RSM
strategies were used to explore and improve the effects of four variables, including the amount of MOF-chitosan-Fe3O4

nano-catalyst, preparation time, reaction temperature, and H2O2 amount. To determine the ideal conditions for MO

reduction by MOF-chitosan-Fe3O4 nano-catalyst, statistical analysis and Statgraphics software were used to conduct the
SCD on seventeen randomly selected studies. The results of a few initial and prior experimental studies were used to deter-
mine the parameters’ medium and big values. By using and fitting a second-order polynomial design, the SCD enabled the

procured reaction to be styled. The determination coefficient (R2) was used to evaluate the polynomial model’s fitness.
The R2 (99.95%) and adjusted R2 (99.75%) values demonstrate that the proposed model is suitable for forecasting MO
color removal effectiveness in an aqueous environment. An acceptable illustration of the scientific results was provided by
the residuals histogram and normally distributed graph, which both showed that the residuals seemed to have a normally dis-

tributed. Under optimal conditions, the removal efficiencies of MO using MOF chitosan-Fe3O4 nano-catalyst seems to have
been .99 percent. The findings indicated that the magnetic MOF might be a suitable recyclable magnetic nano-catalyst for
the colored treatment of wastewater. Furthermore, as is well known, kinetics analysis provides important information about

the mechanism of removal, so three kinetics models were investigated in this study to better understand the path of MO deco-
lorization. The pseudo-first-order, pseudo-second-order, and Bangham methods were used to analyze the observational
evidence. The correlation coefficient (R2) for pseudo-first order, pseudo second order, and Bangham models was 0.971,

0.995, and 0.898, respectively, according to the outcomes of kinetic data analysis utilizing three 3 different models. According
to these findings, the decolorization of MO follows the pseudo-second-order (PSO) model, as evidenced by the kinetics mod-
eling data. This theory is supported by the strong correlation coefficient (R2¼ 0.995) (Ghourchian et al. 2021).

5.3. Crystal violet (methyl violet)

One of the most often used organic dyes is crystal violet (CV), a common organic dye with a triphenylmethane chemical struc-
ture observed in so many sewage effluents discharges (Aggarwal et al. 2020). CV, a cationic dye, may also be used in industrial

diagnostics and medical because of its ability to interact with several other compounds. On the other hand, excessive inhala-
tion of CV dye may cause vomiting, mucous membrane damage, respiratory tract irritation, genetic mutation, dizziness, and
diarrhea (Drumm et al. 2021). As a result, sophisticated treatment strategies for removing these dangerous compounds from

the environment are critical (Soni et al. 2020b).
Wang et al. synthesized two innovative Zn(II) MOFs with supramolecular isomerism by mixing 1,3-bis(2-methylimidazolyl)

propane (bmp) and 1,3,5-benzenetricarboxylic acid (H3BTC). [NH2(CH3)2][Zn2O(bmp)(BTC)] is one of the isomers (1) Use a
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two-fold interlayer framework structure described by the bey-type of interdependence, whereas one of the other isomer

[NH2(CH3)2][Zn2O(bmp (BTC)]. 1.5DMF (2) employs a two-fold interlayer framework structure described by CdSO4-type
interdependence. That flexibility of the ligand 1,3 bis(2-methylimidazolyl)propane, which causes 2 lies to be on a crystallo-
graphic mirror plane, might explain the variation in structures of both MOFs. The two MOFs exhibit significant

photocatalytic capabilities for the photodegradation of MV, a typical aromatic dye. In addition, the band gap energies (Eg)
of both isomeric MOFs were estimated using DRS at room temperature conditions to make a preliminary assessment of
their suitability as photocatalysts. Both MOFs have semiconducting behavior, according to DRS results, with Eg values of
3.63 eV for 1 and 3.96 eV for 2. Both MOFs could be used as photocatalysts based on their band gap parameters. Kinetic

analysis was also done on the photocatalysis response of the MV pigment in the existence of the these isomeric Zn(II)-
MOFs. According to the kinetic measurements, both photodegradation phenomena follow a pseudo-first-order kinetic
model, as evidenced by a linear plot of lnC vs. reaction time t. For 1, k and its square of correlation coefficient parameter

R2 are 0.01176 min1 and 0.9757, respectively, whereas, for 2, k and R2 are 0.02003 min1 and 0.98853 (Wang et al. 2021c).
Jin et al. (2017) used asymmetrical rigid carboxylate ligand, terphenyl-3,300,5,50 0 tetracarboxylic acid (H4L), to create a novel

MOF, formulated as ([Zn2IJL)IJDMF)3]·2DMF·2H2O) (1). A 3D uninodal 4-c lonsdaleite (lon) structure based on binuclear

Zn clusters is revealed by a single-crystal XRD investigation. The photocatalytic activities of 1 have been investigated for
the degradation of MV and RhB. The formation of holes on the Zn(II) cores corresponds to its redox, allowing them to oxi-
dation the color and reduction back to Zn(II), finally decomposing the organic dye.

[Zn (bpe)(fdc)] is a novel MOF reported by Alamgir et al. using solvothermal circumstances, 2DMF (BUT-206, bpe¼ 1,2-
bis(4-pyridyl) ethylene, H2fdc¼ 2,5-furan dicarboxylic acid, DMF¼N,N-dimethylformamide) was synthesized and used for
photocatalytic dye degradation such as RhB and CV. Under UV irradiation, BUT-206 demonstrated strong photocatalytic
potential in the decomposition of CV without the use of any cocatalysts or photosensitizers. The photodegradation of CV

by BUT-206 took just 120 minutes and had a 92.5 percent removal efficiency. The impacts of important factors such as initial
dye concentration, photocatalyst quantity, and pH on CV degradation procedures were investigated. The pseudo-first-order
kinetic equation was then used to predict the dye degradation kinetics. BUT-206 also showed high photocatalytic activity reu-

sability for up to 5 cycles, indicating that it could be used as a green photocatalists for decolorization. Recyclability of the
BUT-206 photocatalyst is a critical factor in cost- and environmentally-conscious sewage purification. The recyclability of
BUT-206 was investigated over five periods to see if it was feasible. The suspension was centrifuged after that period

and then cleaned multiple times with distilled water, acetone, and ethanol in that order. The procedure was as follows:
the revived specimen was sonicated for a brief period of time in a vial containing 5 mL of solvent before being filtered.
The repaired product was dried at a vacuum condition before being used in the next cycle. The photocatalytic performance
of the MOF sample was investigated over five cycles. After five consecutive cycles, the degradation efficiency decreased

slightly, might be the result of contaminants’ molecules adhering permanently to the catalyst’s catalytic activity. The find-
ings confirmed that while the reactions altered the structure of the MOF, the photocatalytic performance was virtually
unchanged (Talha et al. 2021).

5.4. Rhodamine B

RhB, one of the most hazardous dyes in textile effluent, has a high value in the textile industry as a textile dye due to its non-
biodegradability and great stability. dye lasers, paints, ball pens, carbon stamp pad inks, leather, and crackers explosions are
all made with RhB (Al-Gheethi et al. 2022). In addition, RhB dye is recognized as a neurotoxic and carcinogenic dye that

causes gastrointestinal tract irritation, skin irritation, respiratory tract infection, and toxicity in animals and humans through-
out development and simulation. Inhalation and ingestion of RhB are hazardous, causing liver and thyroid damage, as well as
eye and skin irritation (Bhat et al. 2020).

Polyoxometalate-based metal-organic framework (POMOF) is a challenge as photocatalytic degraders of organic contami-

nants. To that aim, Wang et al. created a new structure of silver borotungstate and zinc homobenzotrizoate ([Zn4(BTC)2(4-O
H2O)2]@Ag5[BW12O40] core-shell, shortened as Zn-BTC@Ag5[BW12O40], BTC1,3,benzylcarboxylic acid) by enveloping poly-
oxometalate (POM) over MOF using an easy milling approach. For MB, MO, and RhB dyes, the photodegradation

performance of Zn-BTC@Ag5[BW12O40] is higher than 90% in 140 minutes. After 5,000 cycles, the capacitance retention
rate was higher than 91 percent. Furthermore, on RhB, MO, and MB dyes, the efficiency of photocatalytic degradation of
ZnBTC@Ag5[BW12O40] core-shell is 91.1 percent, 95.2 percent, and 96.1 percent, respectively. On the other hand, Its
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photocatalytic cycle experiments were repeated five times, and the observation revealed negligible variation, suggesting that it

may be employed as a suitable photocatalytic compound (Wang et al. 2022e).
Zhang et al. used a one-step solvothermal technique and calcination of MOFs as supporting material in air to generate hier-

archical double-shelled NiO/ZnO hollow spheres heterojunctions. The photocatalytic efficiency of the created compounds

for the photodegradation of rhodamine B was also examined using UV–vis light irradiation. The NiO/ZnO microsphere
has a remarkable hierarchically porous structure with a core and a shell. The photocatalytic findings revealed that NiO/
ZnO hollow spheres had significant catalytic activity for RhB degradation, producing full disintegration of RhB (200 mL
of 10 g/L) after 3 hours when exposed to UV–vis light. Additionally, using mass spectroscopy (LC-MS) and liquid chromato-

graphy, the degradation mechanism was suggested based on the intermediates produced during the degradation reaction.
Hydroxide ions (•OH), the major metabolism component in RhB photodegradation, are responsible for the pollutant’s
destruction. This study presents an effective and simple method for fabricating porous metal oxide heterojunctions with excel-

lent photocatalytic activity, which could also be applied in pollutants removal.
The two main pathways for its degradation in theory are the direct oxidation of RhB by photogenerated holes and the

response with superoxide or hydroxyl radical from photodegradation. The identification of the active material in photocata-

lytic process is crucial for determining the reaction mechanism. Isopropanol was being used as the greatest hydroxyl radical
scrounger because of its significant rate fixed value for reacting with OH� ions. This allows everyone to evaluate whether
superoxide radicals, holes or radical dot OH radicals are responsible for the target’s deterioration. RhB degradation was sig-

nificantly inhibited when 100 mM isopropanol had been introduced to the RhB suspension. The finding demonstrated that
the OH� ions was critical in the RhB oxidation reaction mechanism.

In the photocatalytic process, electron transfer (Tan et al. 2022b, 2022c) or photogenerated holes may produce hydroxyl
radicals (radical dot OH). In order to determine the generation path of radical dot OH radicals, methanol, an impactful

hole scrapper, was provided to the strategies to quench the photogenerated holes in the uv irradiation NiO/ZnO spherical
particles. The addition of 100 mM methanol stopped RhB from degrading. It means that the photogenerated hole reaction
produced the majority of the radical dot OH radicals (Zhang et al. 2018c).

By heating ZnCl2 and H3BTC in dimethylformamide at pH 8.2, Sarkar et al. created a porosity MOF, [(Zn3(BTC)2
(H2O)3)2.5H2O]n(H3BTC¼ 1,3,5-benzenetricarboxylic acid). The 3D polymeric unit built by paddlewheel SBUs is
shown by a single-crystal XRD investigation. In both water and hexane medium, the prepared MOF exhibits signifi-

cant iodine absorption (84 percent and 74 percent, respectively). Under visible light and in the presence of H2O2, the
synthesized MOF shows heterogeneous photocatalytic efficiency for MB (degradation efficiency 79%) and RhB
(degradation efficiency 85%) (Sarkar et al. 2020).

5.5. Other pollutants

The anionic bi-functional hetero color containing an azo chromophore, Reactive Yellow 145 (RY 145), is commonly used in
the dyeing of polyester blended fabrics, polyester, and cotton, as well as in tannery and printing facilities. RY 145 with the

cellulose hydroxyl group interacts in two ways: through nucleophilic replacement of reactive chlorine atoms (monochloro-
triazine group) or nucleophilic attachment to the active double bond (sulphatoethylsulphone group) (Franck et al. 2014).
The existence of these two reactive intermediates improves the light fastness properties. Nevertheless, their mutagenic and

carcinogenic impacts on humans and aquatic life should not be overlooked. As a result, developing techniques to remove
it from water, such as photocatalytic degradation, is necessary (Patil & Shukla 2015).

Nguyen et al. (2021) developed Agx-Zn100�x-BTC/GO nanostructures (BTC: benzene-1,3,5 tricarboxylic, GO: graphene

oxide) with varied Ag/Zn molar concentration ratios using hydrothermal-assisted microwave processing. When compared
to Zn-BTC/GO and AgBTC/GO, the Agx-Zn100�x-BTC/GO showed exceptional photocatalytic properties in the destruction
of RY 145 dye under visible light illumination, with about 100% RY-145 degradation during 0.5 hours. The hþ and O2

� • are
important factors in the RY-145 decomposition in experiments for scavenging reactive oxygen species. The influence of dye

concentration, pH, and catalyst dose on the effectiveness of bimetallic Ag50-Zn50-BTC/GO photocatalytic activity was also
studied. The photocatalytic reaction was also repeated four times to confirm the stability of Ag50-Zn50-BTC/GO. The per-
formance of eliminating RY-145 stayed constant after four reaction cycles, demonstrating the excellent stability and

reusability of the Ag50-Zn50-BTC/GO components’ photocatalytic performance. Furthermore, morphology and phase struc-
ture is not changed in XRD patterns or SEM images. As a result, the photocatalytic performance of the Ag50-Zn50-BTC/GO
photocatalyst is extremely stable.
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The existence of chlorinated chemicals in aquatic environments has resulted in several pollution issues. 2-chlorophenol (2-

CP) is an example of a chemical in this category (Barakat et al. 2005). 2-CP is one of 129 water-related major environmental
pollutants that are generated as a result of chemical degradation of pesticides and chlorinated aromatic. It is very hazardous
and persistent, causing skin irritation, carcinogenicity, and gastrointestinal difficulties, and poses a severe ecological concern

in some circumstances as an environmental contaminant (Mondal & Sabir 2011).
Surib et al. (2017) attempted to prepare a novel Cd-linked MOF by an ecofriendly hydrothermal approach. The Cd-daylight-

utilizing MOF’s properties were improved by using an ion-exchange method to intercalate Agþ, Fe3þ, and Zn2þ into the struc-
ture. Fe3þ stimulates the photoreaction in the visible range, whereas Agþ and Zn2þ stimulate the photoreaction in the

ultraviolet light area, according to the optical properties. Degradation of 2-CP under sunlight illumination was used to exam-
ine the photocatalytic effectiveness of the produced MOFs. In comparison to the other prepared compounds, the Cd-MOFs
intercalated with Fe3þ had remarkable photocatalysis, degrading 93 percent of 2-CP in 5 hours of irradiation. Consequently,

when compared to current conventional photocatalysts, the produced modified MOF significantly showed its potential as a
sunlight photocatalyst. Cd–, Fe–, Ag–, and Zn–Cd–MOF reusability was investigated. The photocatalysts were reused three
times and the efficiency did not change when compared to the virgin cycle. Cryptographic analysis was performed on the

recovered MOF to determine its structural stability. The spectra obtained before and after photocatalysis experiments are
similar, and the MOFs are the same, indicating that their structures are not distorted during photocatalysis experiments con-
ducted under daylight illumination. The study established the studied MOF’s robust stability.

6. CONCLUSION

MOFs are being investigated at a quick rate due to their structural features, which are leading to the development of novel
frameworks, and their usage in photocatalysis degradation has increased over the last decade. In many ways, Zn-MOFs per-
form like a microporous semiconductor that is stable to illumination, and it can develop charge-separated and create a large

number of electron-hole pairs. Charge separation happens as a result of light absorption on the ligand-to-metal charge transfer
band. The obvious increasing trend in the number of articles published on this topic reflects the scholarly community’s inter-
est in this area. In this review, the general structure, synthesis methods, and photocatalytic activity of Zn-MOFs and their

composite have been discussed. The reviews show that MOFs have been successfully applied for photocatalytic degradation
of a several of organic contaminants in water such as MB, MO, CV, and RhB. Therefore, Zn-MOFs nanocomposites are suit-
able photocatalytic materials for wastewater purification soon. The improvement in efficiency and stability should be

attributed to the efficient removal and transition of photogenerated charges coming from carefully contacted connections
with well-matched interleaved band structures. A flexible method for enhancing the production and stability of catalysts is
to couple semiconductor material with well-matched band energy sources. This method also offers ideas for the design

and fabrication of other extremely chemically stable components. This paper discussed the stability of photocatalysts used
to degrade the mentioned pollutants. The results showed excellent and impressive stability of metal-organic frameworks
based on Zn.
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