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Abstract 
Bismuth oxyhalides (BiOX) have emerged as a new class of photocatalysts with great potential 

for various applications, including water splitting, pollutant degradation, and carbon dioxide 

reduction. This article reviews the synthesis methods, structural and optical properties, and 

photocatalytic activity of bismuth oxyhalides. 

Introduction 

Bismuth oxyhalides (BiOX) have emerged as a new class of photocatalysts with great potential 

for various applications, including water splitting, pollutant degradation, and carbon dioxide 

reduction. These materials have attracted significant attention due to their unique crystal 

structure, tunable bandgap, and excellent photocatalytic performance. In this article, we will 

review the synthesis methods, structural and optical properties, and photocatalytic activity of 

bismuth oxyhalides. Bismuth oxyhalides (BiOX) are a class of layered semiconductors that 

have gained significant attention in recent years due to their unique properties and potential 

applications. These materials have a general formula of BiOX, where X is a halide ion (Cl, Br, 

or I). BiOX materials have been shown to exhibit excellent photocatalytic activity, making 

them ideal for various applications, including water splitting, pollutant degradation, and carbon 

dioxide reduction. 

Synthesis Methods 

Bismuth oxyhalides can be synthesized using various methods, including hydrothermal, 

solvothermal, and solid-state reactions. The choice of synthesis method depends on the desired 

crystal structure, particle size, and morphology. 

1. Hydrothermal Method: This method involves the reaction of bismuth nitrate and halide 

salts in a sealed autoclave at elevated temperatures. The resulting BiOX crystals have a well-

defined morphology and high crystallinity. 

2. Solvothermal Method: This method is similar to the hydrothermal method, but it uses 

organic solvents instead of water. The solvothermal method can produce BiOX crystals with 

unique morphologies and high surface areas. 

3. Solid-State Reaction: This method involves the reaction of bismuth oxide and halide salts 

at high temperatures. The resulting BiOX crystals have a high crystallinity, but may require 

additional processing to achieve the desired morphology. 

Structural and Optical Properties 

Bismuth oxyhalides have a unique crystal structure, consisting of alternating layers of bismuth 

oxide and halide ions. This layered structure gives rise to a range of interesting optical and 

electronic properties. 

1. Crystal Structure: BiOX crystals have a tetragonal crystal structure, with the bismuth oxide 

layers separated by halide ions. The crystal structure can be tuned by varying the halide ion, 

resulting in changes to the optical and electronic properties. 

2. Optical Properties: BiOX crystals have a wide range of optical properties, including a 

tunable bandgap, high absorption coefficients, and excellent photocatalytic activity. The 

optical properties can be tailored by varying the halide ion and crystal structure. 

3. Electronic Properties: BiOX crystals have a unique electronic structure, with a high density 

of states near the conduction band edge. This results in excellent photocatalytic activity, as 

the electrons can be easily excited and transferred to the surface. 

Photocatalytic Activity 

Bismuth oxyhalides have been shown to have excellent photocatalytic activity, making them 

ideal for a range of applications. 

1 .Water Splitting: BiOX crystals have been shown to be highly active for water splitting,  

with high hydrogen evolution rates and excellent stability. 

2. Pollutant Degradation: BiOX crystals have been shown to be highly active for the  
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degradation of pollutants, including organic dyes, pharmaceuticals, and pesticides. 

3. Carbon Dioxide Reduction: BiOX crystals have been shown to be highly active for the   

reduction of carbon dioxide, with high conversion rates and excellent selectivity. 

Conclusion 

Bismuth oxyhalides are a new class of photocatalysts with great potential for various 

applications. Their unique crystal structure, tunable bandgap, and excellent photocatalytic 

activity make them ideal for water splitting, pollutant degradation, and carbon dioxide 

reduction. The synthesis methods, structural and optical properties, and photocatalytic activity 

of bismuth oxyhalides have been reviewed in this article. Further research is needed to fully 

explore the potential of these materials and to develop new applications.Bismuth oxyhalides 

are a new class of photocatalysts with great potential for various applications. Their unique 

crystal structure, tunable bandgap, and excellent photocatalytic activity make them ideal for 

water splitting, pollutant degradation, and carbon dioxide reduction. Further research is needed 

to fully explore the potential of these materials and to develop new applications. 
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