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Abstract

Semiconductor photocatalysis is thought to be a viable solution for addressing the growing problem of environmental

pollution. Bismuth (Bi) metal oxides can function as a direct plasmonic photocatalyst or cocatalyst to accelerate the

photogenerated charge separation and thus improve their photocatalytic activity. Hence, Bi-based photocatalysts have

received a lot of attention due to their extensive environmental applications, including pollutant remediation and

energy concepts. Massive efforts have been undertaken in the recent decade to find superior Bi-metal oxides (Bi XO

X = MO, W, or Cr) and to uncover the corresponding photocatalytic reaction mechanism for the degradation of organic

contaminants in water. Herein, the unique crystalline and electronic properties and main synthesis methods, as well as

the major Bi-Based direct Z-scheme photocatalysts, are timely discussed and summarized in their usage in water

treatment. Besides, the impact of Bi XO  in energy storage devices and solar energy conversion is reviewed as an

energy application. Finally, the future development and challenges of Z-scheme-based Bi XO  photocatalysts are

briefly explored, summarized, and forecasted.
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Introduction

A cleaner and sustainable environment is a major requirement in the present era as it deals with waste material

reduction, removal, recycling, and clean energy generation. In the context of water pollution, the ubiquitous and

persistent organic micropollutants in water bodies are developing hazards to human health (Chawla et al., 2021). The

environment is being contaminated by various biological and chemical contaminants due to the reckless activities of a

rapidly rising human population. The quality of our drinking water resources is deteriorating due to rising pollution.

Organic contaminants, especially chemical contaminants, are on the rise as a result of industrial wastes, hospital and

laboratory water wastes, and other sources, including domestic wastes (Kumar et al., 2021). Toxic contaminants in

polluted water have major consequences for human health, the environment, and, as a result, the economy; this

necessitates immediate attention to the development of wastewater treatment technology that may be reused, thereby

lowering the environmental impact (Kallawar et al., 2021). Separation, precipitation, sedimentation, filtration,

centrifugation, flocculation, and other traditional procedures have been utilised to purify the wastewater. However,

these technologies have drawbacks, such as reduced removal efficiency, secondary pollution creation, and larger

investments, limiting commercial uses (Arumugam et al., 2021). As a result, there is a need to design a wastewater

treatment method that is both successful and inexpensive.

Due to the fast rise of the human population and economic progress in recent decades, human society has had an

unquenchable and voracious thirst for fossil fuels. Continuous depletion of fossil fuels has resulted in a slew of global

issues, including deteriorating environmental conditions and an energy crisis, two of humanity's most pressing issues

today (Liu et al., 2022). Energy generation, storage, harvesting, and transportation are critical for maintaining the cost

of living in developed and developing countries, as any country's progress is more or less reliant on resource

availability. The need for energy will significantly expand in the next years, becoming 10-fold larger than it is now; as a

result, there will be a need to obtain energy from current products and services. As a result, the need for high-

performance, low-cost, and pollution-free or environmentally friendly energy generation systems is growing by the

day (Shinde et al., 2019). Using zero-carbon or low-carbon energy to replace fossil fuels to achieve relatively zero

emissions is currently one of the most promising approaches to minimise CO  emissions from industrial activity. Clean

hydrogen produced from low- or zero-emission sources can help the energy and industrial sectors achieve deep

decarbonization (Liu et al., 2022).

Photocatalysis is a sustainable process that involves transforming solar energy into chemical energy. It may be

described as the acceleration of any chemical reaction by direct or catalytic irradiation of photons that decreases the

activation energy for a reaction to occur. It is an advanced oxidation (AO) process in which photons participate both

actively and passively in the generation of hydrogen by water splitting in the presence of light radiations. It is mostly

used to treat waste water in order to safeguard the environment (Chawla et al., 2021). Semiconductor photocatalysis, in

particular, has shown great promise in the fields of organic pollutant degradation, water splitting, CO  reduction to

sustainable fuels, and so on (L. Guo et al., 2021). In recent years, the evolution of hydrogen from water via a

photocatalytic or electrocatalytic process has received a lot of attention (Liu et al., 2022).

As a result, numerous researchers have produced photocatalyst materials that are active in visible, ultraviolet, visible,

and near-infrared radiation under different light sources (Wang et al., 2022). In a huge family of semiconductors, Bi-

based semiconductor photocatalysts have drawn a lot of attention in the photocatalyst world because of their unusual

crystal structure, electrical configuration, and environmental friendliness. The photocatalytic performance of Bi-based

semiconductors as photocatalysts, on the other hand, is limited by low photo-absorption and poor charge separation

efficiency (Batool et al., 2021; Kallawar et al., 2021). The use of Z-scheme heterojunctions for solar energy conversion is

important because it preserves the photocatalyst's strong reduction and oxidation capacities and high charge

separation efficiency (L. Guo et al., 2021). Hence, this review focuses on the unique features and synthesis methods for

Z-scheme-based Bi XO  (X = MO, W, or Cr) photocatalysts, as well as their environmental and energy applications, to

give readers a wide overview and recent advancements.
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Bibliometric analysis is a well-established and efficient method for identifying research issues and trends. It has been

used in a variety of science and engineering fields. Scopus database is selected as a source to obtain the published

documents because it is widely regarded as one of the most credible and accurate databases of interdisciplinary

scientific evidence (Manikandan et al., 2021). A bibliometric analysis of global research output on a specific set of

topics can track the evolution…

Crystallographic and electronic attributes of bismuth Z-schemes

A component's crystallographic and electronic attributes are intrinsically associated with its photocatalytic action’;

likewise, the crystallographic and electronic attributes of Bi MoO  are matched. The αBi Mo O  form comprises a

flawed scheelite arrangement; hence, for each of three Bi atoms, one is unoccupied; the βBi Mo O  form also

comprises a flawed arrangement of fluorite segment with metal position openings, while the γBi MoO  form is an

archetypal Aurivillius-bismuth oxides group with …

Production techniques of Z-scheme photocatalysts

An extreme-competence Z-scheme photocatalytic scheme necessitates a fine bandgap for adequate photo-engagement

and negative Conduction-Band (CB) and positive Valance-Band (VB) potentials for robust redox competencies, which

are the inconsistent aspects and are very tough to attain in sole-module semiconductors. Moreover, the sole-module

photocatalysts' rearrangement of photogeneration electrons and openings is also swift. Numerous exploration

attempts have been performed over the years to…

Environmental applications of Bi-based photocatalysts

Bi compounds are generally thought to be non-toxic to living organisms. The non-toxic character of Bi and its derived

compounds, as well as its insolubility in biological fluids, are important considerations that have led to their

employment in a variety of medications for a variety of biological and chemical applications. Both geometries of

compounds and the ligand utilised often depend on the natural activities of Bi-based drugs (Di et al., 2017; Dutta et al.,

2020). Non-toxic pigment,…

Current status, prospects, and conclusion

Bismuth-centered photocatalysts have distinct features and attributes that encourage this as a unique resource for

various environmental appliances. However, pure bismuth-centered photocatalysts have many intrinsic constraints

such as a dearth of surface-active positions, inadequate light absorption extending bandgap, etc.; many approaches

have been picked to improve photocatalytic action to meet the requirements of a potent agent. Various research points

out that most demerits have been…

Credit author statement

Srinivasan Balakumar: Conceptualization, Writing – review & editing; Narayanan Mahesh: Conceptualization,

Writing – review & editing; Murugesan Kamaraj: Writing – original draft; S. Shyamalagowri: Writing – review &

editing; J. Manjunathan: Writing – review & editing; S. Murugesan: Writing – review & editing: J. Aravind:

Conceptualization, Writing, Editing and review; P. Suresh Babu: Conceptualization, Supervision, Writing – review &

editing…

Funding source

No funding was sourced for this review article.…

Declaration of competing interest

2 6 2 3 12

2 2 9

2 6



The authors declare that they have no known competing financial interests or personal relationships that could have

appeared to influence the work reported in this paper.…

Acknowledgments

The authors would like to thank those who supported the creation of this review article.…

Special issue articles Recommended articles

References (146)

S. Adhikari et al.

Synthesis of Bi2S3/Bi2WO6 hierarchical microstructures for enhanced visible light driven photocatalytic

degradation and photoelectrochemical sensing of ofloxacin

Chem. Eng. J. (����)

C.G. Almeida et al.

Photocatalytic hydrogen production with visible light over Mo and Cr-doped BiNb(Ta)O4

Int. J. Hydrogen Energy (����)

M. Aria et al.

bibliometrix: an R-tool for comprehensive science mapping analysis

J. Informetr. (����)

M. Arumugam et al.

Recent developments on bismuth oxyhalides (BiOX; X = Cl, Br, I) based ternary nanocomposite

photocatalysts for environmental applications

Chemosphere (����)

Y. Bai et al.

Synthesis of novel ternary heterojunctions via Bi2WO6 coupling with CuS and g-C3N4 for the highly

efficient visible-light photodegradation of ciprofloxacin in wastewater

Colloids Surfaces A Physicochem. Eng. Asp. (����)

M. Batool et al.

Bismuth-based heterojunction nanocomposites for photocatalysis and heavy metal detection applications

Nano-Structures & Nano-Objects (����)

A. Chachvalvutikul et al.

Enhanced photocatalytic degradation of organic pollutants and hydrogen production by a visible light–

responsive Bi2WO6/ZnIn2S4 heterojunction

Appl. Surf. Sci. (����)

T. Chankhanittha et al.

Visible-light-driven photocatalytic degradation of ofloxacin (OFL) antibiotic and Rhodamine B (RhB) dye

by solvothermally grown ZnO/Bi2MoO6 heterojunction

J. Colloid Interface Sci. (����)

T. Chankhanittha et al.

Preparation, characterization, and photocatalytic study of solvothermally grown CTAB-capped Bi2WO6

photocatalyst toward photodegradation of Rhodamine B dye

Opt. Mater. (����)

https://www.sciencedirect.com/science/article/pii/S1385894718315614
https://www.sciencedirect.com/science/article/pii/S0360319913027444
https://www.sciencedirect.com/science/article/pii/S1751157717300500
https://www.sciencedirect.com/science/article/pii/S0045653521015265
https://www.sciencedirect.com/science/article/pii/S0927775720310748
https://www.sciencedirect.com/science/article/pii/S2352507X21000500
https://www.sciencedirect.com/science/article/pii/S0169433220336448
https://www.sciencedirect.com/science/article/pii/S0021979720311048
https://www.sciencedirect.com/science/article/pii/S0925346721003840


H. Chawla et al.

Recent advancements in enhancement of photocatalytic activity using bismuth-based metal oxides

Bi2MO6 (M = W, Mo, Cr) for environmental remediation and clean energy production

J. Ind. Eng. Chem. (����)

View more references

Cited by (10)

Surface modification of organic hybrid indium sulfide via silver ion decoration with enhanced

photocatalytic activity for degrading organic dyes and antibiotics

����, Journal of Solid State Chemistry

Show abstract

Unlock the Visible-Light Photocatalytic OWS by Surface Disorder-Engineered Bi-Based Composite Oxides

through Phosphorization

����, Inorganic Chemistry

Biopolymers as a versatile tool with special emphasis on environmental application

����, Biopolymers: Environmental Applications

Realization of Visible Light Photocatalytic Ows Over Bi-Based Composite Oxides Through Surface

Phosphorization

����, SSRN

Bismuth-Based Oxide Photocatalysts for Selective Oxidation Transformations of Organic Compounds

����, ChemNanoMat

Realization of Photocatalytic Overall Water Splitting Under Visible Light by Surface Phosphorization

����, SSRN

View all citing articles on Scopus

View full text

© ���� Elsevier Ltd. All rights reserved.

All content on this site: Copyright © ���� Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open

access content, the Creative Commons licensing terms apply.

https://www.sciencedirect.com/science/article/pii/S1226086X20305645
https://www.sciencedirect.com/science/article/pii/S0022459623002682
https://doi.org/10.1021/acs.inorgchem.3c03306
https://doi.org/10.1515/9783110987188-005
https://doi.org/10.2139/ssrn.4501037
https://doi.org/10.1002/cnma.202300140
https://doi.org/10.2139/ssrn.4415788
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-85130962549&md5=38e19dccc58d812638b9aa7b8a95
https://www.sciencedirect.com/science/article/pii/S0045653522015454
https://www.elsevier.com/


https://www.relx.com/

