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Introduction  

Photocatalysis represents an elegant intersection of light and chemistry, where photons provide the energy 

required to initiate chemical transformations on the surface of a catalyst [1]. When a semiconductor 

photocatalyst absorbs light of suitable wavelength, electrons in the valence band become excited to the 

conduction band, leaving behind positively charged holes. These electron–hole pairs participate in redox 

reactions with substances adsorbed on the catalyst surface, leading to degradation of pollutants or 

generation of useful products.Titanium dioxide is one of the most widely studied photocatalysts because 

of its stability, non-toxicity, and strong oxidative power under ultraviolet light. Modifications such as 

doping with metals or non-metals extend its activity into the visible region, improving practical efficiency 

under sunlight [2]. Zinc oxide, cadmium sulfide, and other semiconductor materials have also been 

investigated for enhanced photocatalytic performance.The mechanism of photocatalysis involves 

adsorption of reactant molecules onto the catalyst surface, followed by redox reactions initiated by 

photogenerated charge carriers. Reactive oxygen species such as hydroxyl radicals and superoxide ions 
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are often formed during these processes and are responsible for breaking down complex organic pollutants 

into harmless end products [3]. This property makes photocatalysis highly valuable in wastewater 

treatment and air purification technologies. Photocatalytic water splitting is another promising application, 

where light energy is used to separate water into hydrogen and oxygen gases. This approach offers a 

pathway toward clean hydrogen fuel production using renewable energy sources [4]. Research in this area 

focuses on improving charge separation efficiency and reducing recombination of electron–hole pairs to 

enhance hydrogen yield. Nanostructured photocatalysts provide larger surface areas and improved light 

absorption characteristics, increasing overall efficiency. Surface engineering and composite formation 

further optimize photocatalytic activity by facilitating charge transfer and stability [5]. 

 

Conclusion 

Photocatalysis harnesses light energy to drive chemical reactions through semiconductor catalysts, offering 

sustainable solutions for environmental remediation and renewable energy production. Advances in material design, 

nanostructuring, and surface modification continue to improve photocatalytic efficiency. As research progresses, 

photocatalysis will play an increasingly important role in addressing global energy and environmental challenges. 
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