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ABSTRACT 

In recent times, there's been a surge in the popularity of bismuth-based materials, particularly BiOX 

(Bismuth oxy halides), owing to their distinct layer structure and suitable energy band gap. They 

find extensive applications in both environmental and energy sectors, making them a focal point of 

research lately. Various synthesis methods such as hydrothermal, solvothermal, hydrolysis, 

calcination, and ultrasound-assisted methods are employed for BiOX fabrication. This review 

delves into the synthetic approaches of BiOX-based heterojunctions, emphasizing the charge 

transfer pathways and photocatalytic mechanisms of different types of heterojunctions, including 

conventional type II, Z-scheme, p-n and S-scheme heterojunctions. These heterojunction designs 

play a pivotal role in accompanying figure. Additionally, the review provides insights into specific 

applications of BiOX-based heterojunction materials in energy and environmental fields. Regarding 

the stability of Bi3+, significant research has focused on compounds containing bismuth, such as 

BiOX with the Sillén structure (where X = Cl, Br, or I). However, to address the need for improved 

performance, modifications are necessary, particularly for compounds with broader band gaps. The 

chapter provides a comprehensive overview of heterojunction systems employed to augment the 

redox potential of BiOX photocatalysis, alongside an examination of existing challenges and future 

research avenues. The overarching aim is to expand the scope of research concerning BiOX-based 

materials while offering insights for future investigations. Additionally, the chapter underscores 

potential factors influencing the photocatalytic activity of BiOX-based heterojunctions, delineating 

both opportunities and challenges for further research and development. 
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Introduction 

There have been severe energy shortages and rising environmental degradation in recent years 

as an output of the fast industrial expansion and population rise. A wide range of scientific 

interests have been drawn to the need for alternate energy sources, pollution control methods 

and environmental cleanup because to the increasing turmoil. Even in small amounts, some 

organic pollutants can seriously endanger both human health and the environment. While 

organic contaminants can be partially removed by conventional wastewater procedures 

(precipitation, centrifugation, adsorption, filtering, etc.), they cannot be entirely removed. 

Thus, to get around these restrictions, a practical and environmentally friendly method that 

breaks down dangerous pollutants into non-toxic materials without causing more pollution is 

needed. The depletion of fossil fuel reserves due to population growth has made energy supply 

a critical concern for sustainable development. Thus, the question of how to address this 

problem using scientific methods emerges. The aim of the present study is to use renewable 

clean energy sources, such as wind, solar tidal, and ocean thermal energy. Technology known 

as semiconductor photocatalysis has gained popularity as a promising method. It is also thought 

of as an eco-friendly, practical, and successful way to remediate the environment.  
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The use of solar energy by semiconductors for a variety of applications, such as the 

conversion of CO2 into carbon sources [1-3], water splitting [4-6] and photodegradation of 

toxic pollutants [7,8] is one of their salient features and a promising solution for environmental 

remediation. TiO2 has demonstrated remarkable efficacy as a photocatalyst for decomposing 

organic contaminants. However, its application under natural sunlight is limited due to its high 

band gap of 3.2 eV, requiring UV light activation, which constitutes less than 5% of solar 

energy [9,10]. To harness solar light more effectively, visible light-driven photocatalysts have 

been developed, proving more efficient under sunlight exposure.  In this context, various 

bismuth-based semiconductors have garnered attention due to their low toxicity and abundance 

on Earth, including BiOI3[11], Bi4Ti3O12 [12,13], Bi2O3 [14,15], Bi2WO6 [16-18], CaBi2O4 

[19], BiVO4 [20-22], Bi2O2CO3 [23-25] among others. These materials have demonstrated 

promising photocatalytic activity for the degradation of organic contaminants. BiOX (bismuth 

oxyhalides), where X represents Cl, Br, or I, constitute one such class of bismuth compounds. 

Possessing favorable optical and electrical properties, BiOX compounds feature a layered 

structure with tetragonal matlockite geometry, comprising [Bi2O2]
2+ slabs interspersed with 

double halogen atoms [26-27]. This layered arrangement provides ample space for polarization 

of atoms and orbitals, inducing dipoles that efficiently hinder the separation of electron-hole 

pairs. Additionally, due to the dominance of negative (001) facets, these materials can achieve 

a high density of terminated oxygen on the facets. BiOX compounds exhibit excellent 

photocatalytic applications in various fields such as NO oxidation, cationic organic dyes, 

pigments, pharmaceuticals [28], catalysts [29], gas sensors, among others [30, 31]. Notably, as 

the size of the halogen atom increases (Cl < Br < I), the band gaps of BiOX compounds, 

including BiOCl (∼3.1–3.5 eV), BiOBr (∼2.8 eV), and BiOI (∼1.7–1.9 eV), decrease in the 

same order. when a result, when bandgaps decrease, the photocatalyst needs less energy to 

activate, enabling it to use as much visible light as possible. The issue of the electron-hole pair's 

rapid recombination is also relevant, which is why many researchers have been drawn to 

creating BiOX nano- and microstructures in order to adjust and improve their photocatalytic 

capabilities [32-34]. Building upon prior research [35, 36], this study endeavors to explore the 

latest advancements in the synthesis and engineering of BiOX molecules. It seeks to elucidate 

the recent progress in tailoring their structural characteristics and integration with other 

materials, encompassing composites and hybrid materials [37-40]. In the present paper various 

method of synthesis of nanofibers described as well as application mainly photo catalytic 

application.  
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BiOXs (X = Cl, Br, I) SYNTHESIS METHODS 

There are various synthesis methods employed to produce BiOXs are based on the desired 

structure and morphology. Some BiOX powder synthesis methods are given below is an 

overview of reported for various applications.  

Hydrothermal/Solvothermal Method 

The production of BiOX materials is done by the hydrothermal/solvothermal technique. 

Pressure is applied to encourage chemical reactions, which improve reactivity and precursor 

solubility. The hydrothermal and solvothermal technique is a soft chemical strategy that uses 

several solvents (water for hydrothermal and other solvents for solvothermal concurrently) [41] 

shown below in figure 1. In this approach, bismuth nitrate pentahydrate (Bi(NO3)3·5H2O) is a 

frequently used source of bismuth that facilitates the production of diverse micro and 

nanostructures with varied compositions of BiOX [42]. By stirring a combination of 

Bi(NO3)3·5H2O that is dissolved in ethylene glycol with inorganic salts of halogens (KCl, 

NaBr, and KI) for 30 minutes, for example, [43] created BiOX powders (X = Cl, Br, and I). 

The resulting mixture was then heated to 160°C in an autoclave with self-applied pressure. 

After that, the precipitates from the previous procedure were collected, cleaned, and dried at 

50˚C. Thus, it is feasible to specify the reaction's structural characteristics, such as the 

semiconductors' size, composition, morphology, and crystalline phase, by adjusting the 

reaction's kinetic and thermodynamic parameters. A wide range of appropriate solvents for 

synthesis and other applications can be used with this approach. In addition to defining the 

morphological methods of BiOXs, the usage of solvent allows control over the crystal's growth 

during the procedure.  

 

Fig. 1. Synthesis of BiOXs by Solvothermal Process [41] 
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Hydrolysis Method 

Unlike the hydrothermal/solvothermal approach mentioned above, the synthesis of BiOX 

materials by hydrolysis requires the use of a variety of bismuth salts as precursors, such as 

oxides, nitrates, and halides. It is more difficult to create dimensionally homogenous products 

by regulated reactions under moderate reaction conditions [41]. The shape and yield of a 

catalyst are greatly influenced by the precursor chemicals used in its manufacture. Furthermore, 

a major factor influencing crystal formation, which in turn affects photocatalytic performance, 

is the solvent selection [44]. Using BiI3 as a precursor, [45] produced BiOX materials by 

hydrolysing bismuth oxy iodide (BiOI) using a direct approach. The resulting material has a 

flower-like structure. With the reaction media for electrode modification, this approach works 

well for creating photoelectrodes by electrodeposition procedures.  

Calcination Method 

One useful technique is calcination, which transforms the phase of bismuth oxyhalide by 

removing unstable halogen atoms from the crystal structure by heating [46, 47]. Many 

researchers created Bi4O5I2, Bi5O7I, and Bi4O5I2-Bi5O7I composites using this method; [48, 49] 

used BiOI as a precursor in this procedure (see Figure 2). For optimal results, the calcination 

temperatures in the current synthesis technique were adjusted between 350 and 500˚C. 

Following application of the calcination temperature, the synthesized samples were gathered 

and subsequently subjected to characterization techniques such as x-ray diffraction (XRD), 

which disclosed the phase change of the bioxygen (BiOI). On the other hand, [49] described 

how hydrothermal techniques, which require a calcination procedure, are used to make certain 

composites of bismuth-rich BiOI.  

 

 

Fig. 2. Synthesis of BiOXs by Calcination process via Evaporation [49] 
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Ultrasound-Assisted Method 

Another methodology for creating BiOX composites, in addition to spray-assisted method, is 

the ultrasound-assisted method. [50] used a hydrothermal technique to create a BiOI/Bi2O4 Z-

type heterojunction by ultrasonically treating different concentrations of Bi2O4 for an hour at a 

frequency of 40 kHz and 300 W of input power. 

 The material produced had irregular Bi2O4 structures made up of different sized nanorods, 

according to morphological study, whereas the appearance of BiOI was hierarchical and 

consisted of agglomerations of nanosheets that resembled flowers. Under visible light, this 

compound demonstrated exceptional characteristics in a photocatalytic system for the 

breakdown of Rhodamine B (RhB). 

 

Synthesis of Nanofibers and its various Photocatalytic Applications 

 

To date, several strategies have been used to increase and synthesize their photocatalytic 

activity. They include a variety of BiOX nanoparticles and microstructures including 1D 

nanowires and rods [51, 52].  

For the purpose of degrading the organic pollution, researchers have produced 2D 

nanosheets/plates [53-55], 3D hierarchical structures [56, 57] and thin films [58, 59]. The high 

aspect ratio, anisotropic layered structure of the 1D nanostructure not only allows it to 

transform into 2D nanostructures but also successfully stops photogenerated electron-hole pairs 

from recombining. [60] 

 described one such instance of a one-dimensional nanostructure, in which they created BiOCl 

fibers using solvothermal synthesis. Under UV light, 75% of the methyl orange (MO) could be 

mineralized on the as-prepared BiOCl fibers. Anodic aluminum oxide and PAN, two other 1D 

materials, have also been mentioned in relation to the creation of BiOCl nanofibres. Because 

of the BiOX compounds 2D intrinsic lamellar structure, which resembles graphene, an intra-

electric field can form between the halogen and [Bi2O2] atoms.  

 

This field makes it easier for the photogenerated electron-hole pair to transfer, which leads to 

effective photocatalytic activity. It employs a variety of nanofiber manufacturing techniques, 

which are described below in the figure 3.  
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                                                 Fig. 3. Synthesis of Nanofibers 

 

To fabricate 2D BiOX nanostructures, a variety of techniques are used, such as 

hydrothermal/solvothermal approach, hydrolysis, and thermal annealing. Highly reactive 

{001} facets BiOBr nanosheets were produced hydrothermally by [61]. The creation of devices 

with tunable properties and improved device fabrication have undoubtedly resulted from the 

conversion of 1D and 2D nanostructures into 3D nanostructures [62, 63].  

 

Through the use of 3D engineering, more solar energy can now be stored and converted, 

making BiOX nanostructures much more effective at using solar light. Additionally, more 

reactive sites and the inhibition of electron-hole pairs increase the nanostructures' capacity to 

act as photocatalysts against organic pollutants.  
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Among various methods, hydrothermal/solvothermal and hierarchical techniques have 

emerged as more promising for the fabrication of BiOX nanostructures [64, 66]. According to 

[67] described that 3D micro spherical BiOBr structures were created using a solvothermal 

method aided by ethylene. BiOBr's band gap was discovered to be 2.54 eV, which allowed it 

to perform significantly better photocatalytically than BiOBr heavier plates when exposed to 

visible light. However, using ethylene glycol and a less sophisticated solvothermal method, 

[68] produced BiOBr (∼2.64 eV), BiOCl (∼3.22 eV), and BiOI (∼1.77 eV). The order in which 

the degradation of MO occurred was BiOI > BiOBr > BiOCl. Nanofibers find application in 

biosensing, photocatalysis, water treatment and ultrafiltration, solar cells, supercapacitors, 

batteries, and ultrafiltration. Figure 2 above shows the three categories into which all of these 

applications are divided. Thin films, regarded as significant 2D nano/microstructures, have 

garnered considerable interest due to their ease of handling, recovery, and separation [69,70]. 

[71] employed the solvothermal process to fabricate a thin layer of vertical BiOCl nanosheet 

array on a fluorine-doped tin oxide (FTO) substrate. When exposed to UV radiation, it was 

Energy Water &Environment Healthcare 

Applications 
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found that the BiOCl nanosheet demonstrated far more photocatalytic activity and durability 

when it came to the destruction of MO than the P25 film. In this regard, [72] produced a BiOCl 

nanosheet on a stainless-steel substrate by hydrolyzing BiCl3 in ethanol. The resulting BiOCl 

thin film demonstrated notable super hydrophobicity, with a water angle of up to 169 degrees. 

The objective was to enhance the separation of photogenerated carriers through a doping 

technique. BiOCl nanoplates were employed as the model photocatalyst to examine the 

separation efficiency of their active carriers and assess their photocatalytic activity. When 

BiOCl nanoplates are doped, photo-excited electrons and holes are better separated spatially 

between the (001) and (110) crystal facets.  

In order to create the 3D hierarchical structures of BiOX, which are more appealing due 

to their optimal utilization of light in storing and displaying increased photocatalytic activity 

towards the pollutants, numerous attempts have been performed. The solvothermal route has 

been the most widely used of the various synthesis methods. However, other processes have 

also been used, including the oxidation of solutions [73], hydrolysis 74, 75], refluxing method 

[76], sono-chemical route [77, 78], chemical bath [79] and direct precipitation [80, 81] etc.  

 

Heterogeneous Functionalization of BiOX Using Photocatalysts and Semiconductors 

In pursuit of augmenting the photocatalytic efficacy of BiOX compounds, various endeavors 

have been undertaken to hybridize BiOX with diverse materials, including semiconductors [82-

84], metals [85, 86], sensitizers [87, 88], organic materials [89] and more. 

  The primary issue with heterogeneous photocatalysis is its limited practical use on a broad 

scale. When one semiconductor is combined with another, a much more interesting 

heterostructure is created that can both withstand irradiation and inhibit the again combination 

of electron-hole pairs via efficient interfacial charge transfer. These characteristics enable the 

semiconductor to use as much light as possible, which boosts the photocatalytic performance 

against the pollutants. BiOCl performs poorly in visible light because it belongs to the BiOX 

group and, unlike BiOBr and BiOI, has a high band gap. 

 

 In this case, combining BiOCl with semiconductors with appropriate band gaps results in a 

composite with a small band gap that may demonstrate the maximum amount of photocatalytic 

activity under visible light conditions. BiOCl and Bi2O3 formed a heterojunction when BiOCl 

served as the primary photocatalyst and Bi2O3 served as a sensitizer to visible light through the 

chemically etching of Bi2O3 with hydrochloric acid. The combination demonstrated better 
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photocatalytic activity towards 1,4-terephthalic acid and 2-propanol as compared to P25. Since 

BiOX is a p-type semiconductor, it can be used to create p-n junction photocatalysts. Due to 

its small band gap within the group, BiOI has become very popular in this regard. When 

coupled with other n-type wide band gap semiconductors, it exhibits substantial photocatalytic 

activity and may be used as a visible light sensitizer.  

A new BiOI/AgI composite that, when exposed to visible light, exhibited considerably 

higher photocatalytic activity toward MO and phenol than did pure BiOI and AgI. Band gap 

calculations indicate that both AgI and BiOI exhibit type II heterostructures with staggered 

band gap potentials. To overcome these limitations, a 3D hierarchical AgI/BiOI hybrid system 

was synthesized, featuring uniform dispersion of AgI nanoparticles on BiOI nanoplates through 

an improved method. While the AgI/BiOI composite demonstrated high stability, challenges 

were encountered due to insufficient adhesion and dispersity between the AgI nanoparticles 

and BiOI nanoplates. Nevertheless, the AgI/BiOI hybrid exhibited superior photocatalytic 

activity in the degradation of 2,4-DCP under visible light compared to AgI, BiOI, and the 

AgI/BiOI composite alone. Meanwhile, the absorption of BiOBr/Bi2O3 composites decreased 

with increasing BiOBr content, resulting in two distinct band gaps ranging from 2.82 to 2.92 

eV. Hwang et al. (2015) developed a BiVO4/BiOI core/shell heterostructure using a 

straightforward in situ deposition technique.   

The Fermi level in n-type BiVO4 is placed closer to the conduction band before establishing 

contact than it is in p-type BiOI, which is located closer to the valence band. Furthermore, the 

effective separation of the photogenerated electron-hole pair is inhibited by the nested band 

structure of both these photocatalysts. The assembly of BiOI nanosheets with BiVO4 results in 

the formation of a p–n heterojunction, leading to an equilibrium condition concerning the shift 

in corresponding band edges. Consequently, the Fermi level of BiOI rises while that of BiVO4 

falls. This shift facilitates the generation of holes in the BiOI valence band, while excited 

electrons from the BiOI conduction band easily migrate to the BiVO4 conduction band. This 

promotes effective separation of the electron–hole pair, thereby enhancing photocatalytic 

activity towards RhB and Phenol under visible light compared to pure BiOI and BiVO4. 

Furthermore, BiOX compounds have been combined with noble metal nanoparticles such as 

Ag, Pt, and Au to efficiently separate the photogenerated electron-hole species. At the interface, 

Schottky barriers are formed due to the transmission of holes from the valence band edges of 

BiOX to the noble metal until equilibrium is reached. This phenomenon arises because upon 

contact, BiOX exhibits p-type conductivity and a Fermi level lower than that of noble metals. 
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Within the structure, the metal nanoparticles serve as trap centers for the photogenerated 

electrons of BiOX upon irradiation, thereby augmenting the photocatalytic efficiency under 

visible light through interfacial charge transfer between BiOX and the metal nanoparticles.  

Ag/Ti-doped BiOBr was synthesized by [90] using a variety of techniques, including chemical 

reduction, photoreduction, thermal reduction, and an easy solvothermal method. The composite 

produced using a straightforward solvothermal technique was shown to have a stronger 

photocatalytic activity for breaking down RhB in visible light. The phenomenon where excited 

free electrons collectively oscillate due to the interaction of noble metal nanoparticles with 

incident light is termed surface plasmon resonance (SPR). In addition to noble metal 

nanoparticles, various hybrids modified with sensitizers and co-catalysts have been utilized to 

accelerate the separation of the photogenerated electron-hole pair. In this context, graphene, 

NiOx, and RuO have been used to improve photocatalytic activity and interfacial charge 

transfer.  

 

Fig. 5. Preparation and modification of BiOX photocatalysts for degradation of organic pollutants. 

In light of the fact that BiOCl, a broad band gap semiconductor, is UV activated similarly to 

TiO2, it can be used with photosensitizers in addition to small band gap semiconductors. Use 
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liquid coating to apply copper phthalocyanine as a photosensitizer to BiOCl. Under simulated 

solar light, the as-prepared composite showed a considerably better photocurrent density-

nearly 76 times that of the pure BiOCl. Preparation and modification of BiOX photocatalysts 

for degradation of organic pollutants described in figure 5. 

In photocatalytic and photoelectrocatalytic processes, n-type semiconductors have 

certain limitations. One promising solution to these issues is the production of heterojunctions 

using BiOXs. A carrier separation strategy and a decrease in recombination rate are the 

outcomes of heterostructure development [91]. Heterojunctions are created when two 

semiconductors with distinct band-gaps contact with one another. Both semiconductors' Fermi 

levels line up at the interface, and their valence and conduction bands bend in the direction of 

various energy levels [92, 93].  

The heterojunctions can be categorized at the interface based on the charge transfer 

mechanism or by the kinds of semiconductors that make up the heterojunction. The type II 

mechanism is demonstrated by the p-n type heterojunction that forms when two p-type and n-

type semiconductors are coupled [94]. A solvothermal approach was applied by [95] to 

fabricate a Bi2WO6/BiOCl heterostructure with superior photochemical performance. The 

separation, charge transfer, and semiconductor interface, as well as the type II mechanism, 

demonstrated that electrons moved from Bi2WO6 to BiOI (Figure 5a) as a result of a change in 

electron density. Charge separation in heterojunctions is further improved by the BiOCl 

internal electric field. The Z-scheme, which exclusively directs electrons from the conduction 

band of the n-type semiconductor into the valence band of the p-type semiconductor, is a great 

kind of BiOX-based heterojunction (Figure 5b) [96].  

The kind of heterojunction that is generated is determined by the potential levels of the 

reactions, the band structure of the photocatalysts, and their electrical makeup. Another form 

of heterojunction BiOI/Bi2O4 was created by [97] utilizing an ultrasound-assisted hydrothermal 

process. Due to the fact that the conduction band of Bi2O4 was more negative than the oxidation 

potential of O2/O2•− and the valence band of BiOI was more positive than the reduction 

potential of −OH/•OH.  

According to the Z-scheme, one potential mechanism for charge transfer involved 

electrons from the conduction band of BiOI migrating to the valence band of Bi2O4 in order to 

neutralize the photoexcited holes. The S-scheme (Figure 5c) is the mechanism of 

heterojunction charge transfer.  
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Fig. 6. (a) Heterojunction p-n (type II mechanism), (b) Z-scheme mechanism, (c) S-scheme 

mechanism. CB and VB are the conduction and valence bands, respectively [96]. 

Because the photoexcited electrons are maintained in the conduction band of the reduction 

photocatalyst and the holes are maintained in the valence band of the oxidation photocatalyst, 

these two semiconductors, one devoted to oxidation reactions (more positive valence band) and 

one reduction semiconductor (more negative conduction band), combine to create an interface 

with a strong redox potential [98]. Furthermore, in order to preserve Fermi level equilibrium, 
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the residual electrons and holes naturally diffuse from the reducing semiconductor to the 

oxidizing semiconductor and vice versa [99]. This results in the bands bending at the interface.  

Band Structure 

Some electrical, optical, and structural features of these materials (BiOX) may be successfully 

predicted by theoretical investigations based on ab initio calculations. A few of these 

characteristics have to do with how continuous bands of energy levels, atomic orbitals form. 

The small band-gap energy of semiconductor materials is one of their main benefits over other 

photocatalysts. Using an anodic bismuth oxidation process, [100] were the first to examine the 

photoelectrochemical characteristics of BiOX. They generated BiOX films (X = Cl, Br, and I), 

and found that the band-gap values were 3.50 eV for BiOCl, 2.92 eV for BiOBr, and 1.90 eV 

for BiOI. Density functional theory (DFT)-based computer computations have verified these 

band-gap energy estimates [101]. BiOX has two p orbitals of oxygen and np orbitals of the 

halogens (n = 3, 4, and 5 for Cl, Br, and I, respectively) in its valence band maximum, and six 

p orbitals of bismuth in its conduction band minimum. Using the generalized gradient 

approximation (GGA) and GW approximation (GWA), supported by density functional theory 

(DFT), [102] recently theoretically examined the band structures of BiOXs, including BiOF. 

The band-gap results were more in line with those reported experimentally, ranging from 2.33 

eV for BiOI to 4.04 eV for BiOF.  

 Defect and Solid Solutions 

The phenomenon where excited free electrons collectively oscillate due to the interaction of 

noble metal nanoparticles with incident light is termed surface plasmon resonance (SPR). In 

addition to noble metal nanoparticles, various hybrids modified with sensitizers and co-

catalysts have been utilized to accelerate the separation of the photogenerated electron-hole 

pair. The doping of BiOX with a variety of transition metal ions, including Fe [103] and Ti 

[104] and nonmetals, including I [105,0106] has been done. An instance of this is Mn-doped 

BiOCl [107], wherein Mn2+ with an ionic radius of 0.080 nm, can readily integrate into BiOCl 

owing to the compatible sizes of the ionic radii of Mn and Bi ions. This induces a red-shift in 

the absorption edge when subjected to halogen lamp light, consequently enhancing the 

photocatalytic activity towards malachite green degradation. Aside from metal ion doping, the 

incorporation of non-metal anions has proven to be a highly effective approach for enhancing 

photocatalytic activity. The band structure and electronic characteristics of BiOI were tuned as 
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a result of the iodine doping.  Under visible light, the composite showed increased 

photocatalytic activity for the breakdown of MO and the removal of NO. One such method for 

continuously adjusting the photocatalyst's band gap is to get the solid solutions ready. Doping 

with metal or nonmetal ions and defects separates the energy levels above and below the 

conduction and valence bands. BiOX has been found to be very soluble [108], which presents 

the opportunity to construct BiOX-X solid solutions. Moreover, according to [109], the 

alloying effect in BiOX solid solutions could effectively inhibit the recombination of 

photogenerated electron-hole pairs. This is based on theoretical calculations. Different solid 

solutions have been created up to this point [110]. [111] created a range of 2D nanoplates, such 

as BiOBrxI1−x solutions, using a solvothermal method. These nanoplates had exposed {001} 

facets and their band gaps were modulated from 2.87 eV to 1.89 eV. The phase structure and 

composition of a semiconductor have a significant impact on its optical, electrical, and 

photocatalytic capabilities. Bi5O7I [112], BiOF [113], PbBiO2Br, Bi3O4Br, PbBiO2Cl, 

CaBiO2Cl [114], Bi12O17Cl2 [115], Bi3O4Cl [116] and other BiOX forms can be obtained by 

changing the compositions and elements. It is intended that the internal electric field between 

the slabs will help separate photogenerated species. 

Conclusion and Future Prospects:  

BiOX semiconductors, which are visible light-driven, have demonstrated interesting 

photocatalytic uses. Numerous techniques have been used to produce BIOX and increase their 

photocatalytic activity. These techniques include facilitating interfacial charge transfer and 

inhibiting photogenerated recombination of electron-hole pair. Additionally, 3 important 

strategies have used in this field: (1) changing the BiOX photocatalysts multi-length scale in 

various dimensions, such as thin films, 2D nanosheets, 3D hierarchical heterostructures, and 

1D template nanofibers. (2) Hybridization using co-catalysts, semiconductors, nonmetals, and 

other metals, among others. (3) Modifications to the structure through doping, the introduction 

of flaws, solid solutions, etc. Apparently, a synergistic impact of many systems is needed for 

improved BiOX photocatalyst efficiency. For example, the Ag/AgBr/BiOBr hybrid, a three-

component system, exhibits significantly increased photocatalytic activity for dye degradation 

and pathogen sterilization when exposed to visible light. It combines the advantages of an 

AgBr/BiOBr composite photocatalyst and a plasmonic Ag/AgBr photocatalyst. Even though a 

lot of research has been done on BiOX, there is still a lot to learn about this area of study. 

Because BiOX's conduction band levels limit it, it occasionally is unable to produce the 
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necessary H2 from water. Thus far, BiOX has mostly addressed the breakdown of organic 

contaminants. BiOX has several uses that should be investigated, including selective organic 

transformation and CO2 reduction. The light response range and photogenerated species 

separation efficiency of a semiconductor determine its photocatalytic activity; hence it is 

imperative to carefully build complicated architecture systems based on BiOX. For instance, 

the planned unintermitted pore tunnels may enhance the separation of photogenerated charge 

carriers, and the periodic architectures of the inverse opals can efficiently boost their light 

harvesting by multiple scattering. These qualities make them a strong contender for use in next-

generation photocatalysts. Additionally, studying the photo-electrocatalysis of BiOX with the 

aid of voltage bias offers intriguing prospects for enhancing their photocatalytic qualities. A 

flexible synthetic approach for the creation of new photocatalysts is the chemical 

transformation of current materials into new ones. Using this method, a class of well-defined 

nanostructures, including highly structured materials like Bi2S3 and hollow microspheres of 

Bi2WO6, have been produced thus far. The development of photocatalysts with improved 

stability and efficiency has been aided by fresh insights and direction provided by the series of 

nanotechnology and nanoscience. As comprehensive studies in the field of BiOX have 

progressed, a multitude of useful applications for environmental cleanup have been identified.  

 

References: 

[1] V.P. Indrakanti, J.D. Kubicki, Schobert HH Energy Environ. Sci., 2,745 (2009). 

[2] S.C. Roy, O.K. Varghese, M. Paulose, C.A. Grimes, ACS Nano., 4, 1259 (2010).   

[3] H.H. Liu, C. Yang, J. Huang, Z. Chen, J.Z. Li. Inorg Chem. Commun.,113,10780 (2020).  

[4] A. Fujishima, K. Honda, Nature., 238, 37 (1972).   

[5] F.E. Osterloh, Chem. Mater., 20, 35 (2008).   

[6] A. Kudo, Y. Miseki, Chem. Soc. Rev., 38, 253 (2009).   

[7] M.R. Hoffmann, S.T. Martin, W. Choi, D.W. Benemann, Chem. Rev., 95, 69 (1995). 

[8] C.C. Chen, W.H. Ma, J.C. Zhao, Chem. Soc. Rev., 39, 4206 (2010). 

[9]  J. Huang, Y. Yao, M. Huang, Small., 18(18), 2200782 (2022). 

[10]  X.B. Chen, S.S. Mao, Chem. Rev., 107, 2891 (2007).   

[11]  J.L. Wang, Y. Yu, L.Z. Zhang, Appl. Catal. B., 136–137,112 (2013).   

[12]  W.F. Yao, X.H. Xu, H. Wang, J.T. Zhou, X.N. Yang, Y. Zhang, S.X. Shang, B. Huang, 

B Appl. Catal., B 52, 109 (2004).   

[13]  W. Wei, Y. Dai, B.B. Huang, J. Phys. Chem., C 113, 5658 (2009). 



International Journal of New Chemistry, 2025, 12 (3), 440-460                          Vidya Singh 

  
 

 

456 
 

[14]  L. Zhou, W.Z. Wang, H.L. Xu, S.M. Sun, M. Shang, Chem. Eur. J., 15, 1776 (2009).   

[15]  H.F. Cheng, B.B. Huang, J.B. Lu, Z.Y. Wang, B. Xu, X.Y. Qin, X.Y. Zhang, Y Dai, 

Phys. Chem. Chem. Phys., 12, 15468 (2010). 

[16]  F. Amano, A. Yamakata, K. Nogami, M. Osawa, B. Ohtani, J. Am. Chem. Soc., 

130,17650 (2008).   

[17]  L.S. Zhang, H.L. Wang, Z.G. Chen, P.K. Wong, J.S. Liu, Appl. Catal. B, 106, 1, (2011).   

[18]  S.S, Yao, et al., Solid State Chem., 182, 236 (2009). 

[19]  J.W. Tang, Z.G. Zou, J.H. Ye Angew., Chem. Int. Ed., 43, 4463 (2004).   

[20]  A. Kudo, K. Omori, H Kato, J. Am. Chem. Soc., 121,11459 (1999).   

[21]  G.C. Xi, J.H. Ye, Chem. Commun. 46,1893 (2010).   

[22]  R, Li, F, Zhang, et al., Nat. Commun., 4,1432 (2013).   

[23]  X.F. Chang, et al., Catal. Commun., 11, 460 (2010).   

[24]  S. Sui, H, Xie, M, Liang, Adv Funct. Mater., 32(16), 2110853 (2022).   

[25]  Y.Y. Liu, et al., Appl. Surf. Sci., 257, 172 (2010).   

[26]  J. Geng, W.H. Hou, Y.N. LV, J.J. Zhu, H.Y. Chen Inorg. Chem., 44, 8503 (2005).   

[27]  K. Zhang, C. Liu, F. Huang, C. Zheng, W. Wang, Appl. Catal. B: Environ., 68,125 

(2006). 

[28]  F.J. Maile, G. Pfaff, Reynders P Prog. Org. Coat., 54, 150 (2005).   

[29]  N. Kijima, K. Matano, M. Saito, T. Oikawa, T. Konishi, H. Yasuda, T. Sato, Y. 

Yoshimura, Appl. Catal., A., 206, 237 (2001).   

[30]  X. Zhang, L. Zhang, J. Phys. Chem., C 114,18198 (2010). 

[31]  J.L. Wang, Y. Yu, L.Z. Zhang, Appl. Catal. B., 136–137, 112 (2013). 

[32]  D. Zhang, J. Li, Q.G. Wang, Q.S. Wu, J. Mater. Chem. A., 1, 8622 (2013).   

[33]  L.Q. Ye, L. Zan, L, Tian, T, Peng, J, Zhang, Chem. Commun., 47, 6951 (2011).   

[34]  C.R. Michel, N.L. Lopez Contreras, A.H. Mar´tınez Preciado, Sens. Actuators, B., 173, 

100 (2012). 

[35]  S.S.M. Bhat, N.G. Sundaram, RSC Adv., 3, 14371 (2013).   

[36]  H. Zhao, F. Tian, R. Wang, R. Chen Adv. Sci. Eng., 3, 3, (2014).   

[37]  J.M. Ma, X.D. Liu, J.B. Lian, X.C. Duan, W.J. Zheng, Cryst. Growth Des., 10, 2522 

(2010).   

[38]  A. Luz, C. Feldmann, Solid State Sci., 13, 1017 (2011).   

[39]  Q. Zhang, X. Cheng, C. Wang, A.M. Rao, B. Lu, Energy Environ. Mater., 14, 965 

(2021).   



International Journal of New Chemistry, 2025, 12 (3), 440-460                          Vidya Singh 

  
 

 

457 
 

[40]  Y. Li, M. Chen, B. Liu, Y. Zhang, X. Liang, X. Xia, Adv. Energy Mater., 10, 2000927 

(2020).   

[41]  X. Wei, M.U. AKbar, A. Rasa, Nanoscale Adv., 3353 (2021).  

[42]  P. Gao, Y. Yang, Z. Yin, F. Kang, W. Fan, J. Sheng, J. Hazard. Mater., 412, 412125186 

(2021).   

[43]  Xi. Zhang, Z. Ai, F. Zia, J. Phys. Chem., 112 (3), 747 (2008).   

[44]   G.G. Briand, N. Burford, Chem. Rev., 99, 2601 (1999).                  

[45]  J. Su, Y Xiao, M Ren, CATCOM., 45, 30 (2014).   

[46]  P. Gao, Y. Yang, Z. Yin, F. Kang, W. Fan, J Sheng, J. Hazard. Mater., 412, 412125186 

(2021). 

[47]  H.J. Zhang, L. Liu, Z. Zhou, Phys. Chem. Chem. Phys.,14, 1286 (2012).            

[48]  H. Huang, K. Xiao, T. Zhang, F. Dong, Y. Zhang, Appl. Catal. B Environ., 203, 879 

(2017). 

[49] W.W. Lee, C.S. Lu, C.W. Chuang, Y.J. Chen, J.Y. Fu, C.W. Siao, RSC Adv., 5 (30), 

23450 (2015). 

[50] H. Qin, K. Wang, L. Jiang, J. Li, X. Wu, G. Zhang, J. Alloys Compd, 821, 153417 (2020). 

[51] R.S. Yuan, C Lin, B.C. Wu, X.Z. Fu, Eur. J. Inorg. Chem., 3537 (2009).   

[52] S.J. Wu, C Wang, Y.F. Cui, T.M. Wang, B.B. Huang, X.Y. Zhang, X.Y. Qin P, Brault, 

Mater. Lett. 64, 115 (2010). 

[53]  X. Chang, M.A. Gondal, A.A. Al-Saadi, M.A. Ali, H Shen, Q Zhou, J Zhang, M Du, Y 

Liu, G. Ji, J. Colloid Interface Sci., 377, 291 (2012).  

[54] J Jiang, K Zhao, X.Y. Xiao, L.Z. Zhang, J. Am. Chem., Soc. 134, 4473 (2012).   

[55] J.Y. Xiong, G. Cheng, G.F. Li, F. Qin, R. Chen RSC Adv. 1,1542 (2011).   

[56] X.Y. Qin, H.F. Cheng, W.J. Wang, B.B. Huang, X.Y. Zhang, Y Dai, Mater. Lett., 100, 

285 (2013).   

[57] J.X. Xia, J. Zhang, S. Yin, H.M. Li, H Xu, L Xu, Q Zhang, J. Phys. Chem. Solids., 74, 

298 (2013).   

[58] H. Huang, Y. He, X. Du, PK. Chu, Y. Zhang, ACS Sustain. Chem. Eng., 12, 3262 (2015).   

[59]  X. Han, S. Dong, J. Sun, K. Wang, W. Zhang, Sun, J. Mater. Lett., 187, 154 (2017).  

[60]  B. Zhang, et al., J. Nanopart. Res., 15,1773 (2013).   

[61]  H. Feng, et al., ACS Appl. Mater. Interfaces., 50, 27592 (2015). 

[62]  D.R. Rolison, J.W. Long, J.C. Lythe, A.F. Fischer, C.P. Rhodes, T.M. McEvoy, ME 

Bourg, AM Lubers, Chem. Soc. Rev., 38, 226 (2009). 



International Journal of New Chemistry, 2025, 12 (3), 440-460                          Vidya Singh 

  
 

 

458 
 

[63] Q.F. Zhang, E. Uchaker, S.L. Candelaria, G.Z. Cao, Chem. Soc. Rev., 42, 3127 (2013). 

[64]  Z.H. Ai, W. Ho, S. Lee, L.Z Zhang, Environ. Sci. Technol., 43, 4143 (2009). 

[65]  H.F. Cheng, et al., Chem. Eur. J. 17, 8039 (2011). 

[66]  T. Wang, et al., ACS Omega, 8, 25, 22316 (2023). 

[67] C. Zhao, Y. Liu, H. Chu, J. Hazard. Mater., 419 (June), 126 (2021). 

[68] X. Zhang, Z.H. Ai, F.L. Jia, L.Z. Zhang, J. Phys. Chem., C 112, 747 (2008). 

[69]  K. Li, Y.P. Tang, Y.L. Xu, Y.L. Wang, Y.N. Huo, H.X. Li, J.P. Jia, Appl. Catal. B., 140, 

179 (2013).   

[70] L.Q. Ye, J.N. Chen, L.H. Tian, J.Y. Liu, T.Y Peng, KJ Deng, L. Zan, Appl. Catal. B., 

130, 1 (2013)   

[71] Q.H. Mu, et al., J. Mater. Chem., 22, 16851 (2012).   

[72] Y.Y. Li, J.P. Liu, J. Jiang, J.G. Yu, Dalton Trans., 40, 6632 (2011).   

[73] J.Y. Xiong, Z.B. Jiao, G.X. Lu, W Ren, J.H. Ye, YP Bi, Chem. Eur. J., 19, 9472 (2013).   

[74] L. Chen, et al., Catal. Commun., 23, 54 (2012).   

[75]  K. Zhang, J. Liang, S. Wang, J. Liu, K.X. Ren, X. Zheng, H. Luo, Y.J. Peng, X. Zou, X. 

Bo, J.H. Li, X.B.Yu, Cryst. Growth Des., 12, 793 (2012). 

[76]  G. Cheng, J.Y. Xiong, F.J. Stadler, New J. Chem., 37, 3207 (2013). 

[77]  Y.Q Lei, et al., Cryst. Eng. Comm., 11, 1857 (2009).   

[78]  C.H. Deng, H.M. Guan, Mater. Lett., 107, 119 (2013). 

[79]  X. Xiao, W.D. Zhang, J. Mater. Chem., 20, 5866 (2010). 

[80]   Y.Q. Lei, et al., Dalton Trans., 39, 3273 (2010).   

[81] R. Hao, X. Xiao, X.X. Zuo, J.M. Nan, W.D. Zhang, J. Hazard. Mater., 209–210, 137 

(2012). 

[82]  A.K. Chakraborty, S.B. Rawal, S.Y. Han, S.Y. Chai, W.I. Lee, Appl. Catal. A., 407, 217 

(2011).   

[83] H.H. Gan, G.K. Zhang, Y.D. Guo, J. Colloid Interface Sci., 386, 373 (2012). 

[84]  J. Cao, B. Xu, H. Lin, B. Luo, S. Chen, Catal. Commun., 26, 204 (2012). 

[85]  S.X. Weng, B.B. Chen, L.Y. Xie, Z.Y. Zheng, P. Liu, J. Mater. Chem. A., 1, 3068 (2013).   

[86] L.Q. Ye, J.Y. Liu, C.Q. Gong, L.H. Tian, T.Y. Peng, L. Zan, ACS Catal., 2, 1677 (2012).   

[87] X.M. Tu, S.L. Luo, G.X. Chen, J.H. Li, Chem. Eur. J., 18, 14359 (2012).   

[88] S.Y. Song, et sl., J Dalton Trans., 41, 10472 (2012).   

[89] D.S. Bhachu, et al., J Chem. Sci., 7, 4832 (2016).   

[90] G. Jiang, et al., ACS Appl. Mater. Interfaces., 4, 4440., (2012). 



International Journal of New Chemistry, 2025, 12 (3), 440-460                          Vidya Singh 

  
 

 

459 
 

[91]  Y. Li, K. Luo, R. Tao, Z. Wang, D. Chen, Z. Shao, Adv. Funct. Mat., 30 (28), 2002606 

(2020). 

[92] R. Kumar, P. Raizada, N. Verma, A. Hosseini-Bandegharaei, V.K. Thakur, Q.V. Le, J. 

Clean. Prod., 297, 126617 (2021). 

[93] M.A.U. Olea, J.d.J.P. Bueno, A.X.M. Pérez., J. Environ. Chem. Eng., 9 (July), 106480 

(2021). 

[94]  K.H. Ye, Z. Chai, J. Gu, Nano Energy., 18, 222 (2015).   

[95] M. Guo, Z. Zhou, S. Yan, P. Zhou, F. Miao, S. Liang, Sci. Rep., 10 (1), 11 (2020). 

[96]  S.S. Li, S. Shan, S. Chen, H. Li, Z. Li, Y. Liang, J. Environ. Chem. Eng., 9, 105967 

(2021). 

[97] H. Qin, K. Wang, L. Jiang, J. Li, X. Wu, G. Zhang, J. Alloys Compd., 821, 153417 (2020). 

[98]  Q. Xu, L. Zhang, Q. Zheng, Chem. Elsevier Inc., 6 (7), 1543 (2020).  

[99] X. Liao, T.T. Li, H.T. Ren, X. Zhang, B. Shen, J.H. Lin, Sci. Total Environ., 806 ,150698 

(2022). 

[100] S.K. Poznyak, A.I. Kulak, Electrochimica Acta. Pergamon., 35 (11–12), 1941 (1990). 

[101] L. Zhao, Z. Xang, C. Fan, Phys. B Condens. Matter., 407 (17), 3364 (2012).  

[102] M. Barhoumi, M. Said, Mater. Sci. Eng, B., 264, 114921 (2021). 

[103] Z. Liu, B. Wu, Y. Zhu, D. Yin, L. Wang, Catal. Lett., 142, 1489 (2012).   

[104] G. Jiang, et al., J. Mater. Chem. A., 1, 2406 (2013).   

[105] B. Pare, B. Sarwan, S.B. Jonnalagadda, Appl. Surf. Sci., 258, 24 (2011). 

[106] S. Varun, N.M. George, A.M. Chandran, L.A. Varghese, P.K.S. Mural Journal of 

Fluorine Chemistry., 265, 110064 (2023).   

[107] X. Zhang, L.Z. Zhang, J. Phys. Chem., C 114, 18198 (2010). 

[108]  E. Keller, V. Kramer, Z. Naturforsch, B: Chem. Sci., 60, 1255 (2005). 

[109]  K. Zhang, D. Zhang, J. Liu, K. Ren, H. Luo, Y. Peng, G. Li, X. Yu, Cryst. Eng. Comm., 

14, 700 (2012).   

[110] S. Shenawi-Khalil, V. Uvarov, Y. Kritsman, E. Menes, I. Popov, Y. Sasson, Catal. 

Commun., 12, 1136 (2011).   

[111] X. Zhang, C.Y. Wang, L.W. Wang, G.X. Huang, W.K. Wang, H. Q. Yu, Sci. Rep., 6, 

22800 (2016)   

[112] S.M. Sun, W.Z. Wang, L. Zhang, L. Zhou, W.Z. Yin, M. Shang, Environ. Sci. Technol., 

43, 2005 (2009). 



International Journal of New Chemistry, 2025, 12 (3), 440-460                          Vidya Singh 

  
 

 

460 
 

[113] W.Y. Su, J. Wang, Y.X. Huang, W.J. Wang, L. Wu, X.X. Wang, P. Liu, Scr. Mater., 62, 

345 (2010).   

[114] R. Shi, T.G. Xu, Y.F. Zhu, J. Zhou, Cryst. Eng. Comm., 14, 6257 (2012). 

[115] X.Y. Xiao, J. Jiang, L.Z. Zhang, Appl. Catal. B., 142–143, 487 (2013).   

[116] X.P. Lin, T. Huang, F.Q. Huang, W.D. Wang, J.L. Shi, J. Phys. Chem, B., 110, 24629 

(2006).   

 

 

 

 

 

 

HOW TO CITE THIS ARTICLE 

Vidya Singh. "A Review: Bismuth Oxy Halide Based Materials (BiOX: X= Cl, Br and I) 

Heterostructures Nanofiber’s and Photo Catalytic Activity", International Journal of New 

Chemistry, 2025; 12(3), 440-460. doi: 10.22034/ijnc.2024.2033720.1401 

 


