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ABSTRACT

The environmental sustainability and public health are at risk due to the significant threat posed by
the increasing contamination of water resources by persistent use of organic pollutants, such as
pharmaceuticals, agricultural pesticides, and dyes. The complete degradation of such complex
contaminants is usually not achieved by conventional water treatment methods, which is why the
development of advanced and efficient remediation technologies is necessary. In this context,
semiconductor-based photocatalysis has emerged as a promising approach because of its capacity to
convert light energy into non-toxic end products through the mineralization of contaminants,
Nevertheless, the practical application of photocatalysis is restricted by factors such as the poor
reusability of photocatalysts, rapid charge carrier recombination, and low surface area.

In the present study, in order to obtain controlled morphology and improved physicochemical
properties, MnsOs-based photocatalysts were developed through a surfactant-assisted synthesis
approach. The synthesized materials were subsequently combined with carbon nanostructures of
varying dimensionalities, such as zero, one and two dimensional carbon architectures. The
photocatalytic performance was considerably improved by the incorporation of carbon materials,
which also improved the adsorption capacity, electron fransport, and charge separation. The
degradation of organic pollutants under varying operational conditions was used to assess the
photocatalytic activity, the mechanistic studies were conducted to gain insight into the role of
reactive species in the degradation process. The performance of the synthesized systems in various
aqueous environments, including real water matrices, where the presence of ions and competing
species affected the efficiency, was evaluated in order to determine their practical applicability.
Furthermore, seed germination studies were used to assess agricultural and environmental safety
demonstrating the decreased toxicity of treated water. Immobilisation techniques were used to
enhance catalyst recovery and long-term performance, and the photocatalyst’s stability and
reusability were also examined. The present work demonstrated how to construct sophisticated.
MnaOs-based photocatalytic systems with increased stability, efficiency, and practicality for
sustainable water treatment.
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