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- ABSTRACT

Synthetic dyes, widely used in industries, pose serious environmental hazards due to their toxic,
non-biodegradable nature, leading to water pollution and harmful effects on human and aquatic life. Metal
oxides are preferred over other catalysts for dye degradation due to their strong oxidation ability, chemical
stability, tunable bandgap, and cost-effectiveness. Among metal oxides, MoO3 is an ideal catalyst for the
enhanced degradation of environmental organic pollutants due to its nontoxicity, layered structure, abundance
in source, eco-friendliness, low cost, chemically stable nature, and recyclability. A detailed analysis of the
structural, morphological, and optical properties of MoO3 nanorods synthesized via the hydrothermal method
with varying synthesis temperatures displays the formation of blue and purple-blue light-emitting phosphors.
The present work mainly deals with treating methyl red and methylene blue dye for sustainable environmental
remediation. We present a direct, efficient method for methyl red degradation using MoO3 nanocatalysts,
requiring no external agents. Rapid degradation occurs across diverse temperatures as low as 4 °C, making it
adaptable to various climates, with no prior reports on such a simple mechanism. The catalyst's easy and
cost-effective synthesis, along with its simple and efficient degradation mechanism, suggests its potential for
commercialization. The adsorptive removal of methylene blue dye was carried out using MoO3 and
rGO-Mo03 nanocomposites, with the rGO (0.5 wt.%)-MoO3 nanocomposite showing the best performance.
The synthesized tGO-MoO3 nanocomposites demonstrate significant potential for dye adsorption, making
them promising candidates as next-generation adsorbent materials for sustainable water purification. Being a
wide band gap oxide semiconductor, lanthanide ions doped MoO3 can act as an excellent phosphor for
luminescence applications. The luminescence properties of MoQ3-based phosphors were investigated using
three different lanthanide dopants - Ce, Tb, and Eu, and the luminescence quenching mechanism was also
studied. Mo03:Ce3+ phosphors exhibited an overall purple-blue emission, while MoO3:Tb3+ samples
showed a blue-green emission in the unannealed state, which transformed into a greenish- white emission
upon annealing. Similarly, MoO3:Eu3+ nanophosphors displayed a red emission, with the annealed samples
exhibiting a pinkish-red color.
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