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Introduction

Green chemistry represents a fundamental shift in how chemists design reactions and processes, focusing
not merely on yield and efficiency but also on environmental responsibility and human safety [1].
Traditional chemical industries have historically prioritized production efficiency, often at the cost of
generating hazardous by-products, toxic solvents, and non-degradable waste materials [2]. The
consequences of such practices are evident in global issues such as water pollution, air contamination, soil
degradation, and health hazards arising from prolonged chemical exposure [3].The concept of green
chemistry was formalized through twelve guiding principles that emphasize waste prevention, atom
economy, safer chemical design, and energy conservation [4]. These principles encourage chemists to
consider the entire life cycle of chemical products, from raw material sourcing to end-of-life disposal. The
adoption of renewable feedstocks such as plant-derived materials and biodegradable polymers is a direct

response to the depletion of fossil resources and the accumulation of non-degradable plastics [5].One of
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the core ideas in green chemistry is atom economy, which measures the efficiency of a reaction by
calculating how many atoms from the reactants are incorporated into the final product. High atom
economy reactions produce minimal waste, reducing the need for costly and environmentally damaging
purification processes. Catalysis plays a crucial role in achieving this goal, as catalysts can drive reactions
under mild conditions, reducing energy requirements and limiting unwanted side reactions Solvent
selection is another critical factor. Conventional organic solvents like benzene and chloroform pose severe
environmental and health risks. Green chemistry promotes the use of water, supercritical fluids, and ionic
liquids as safer alternatives

Conclusion

Green chemistry is redefining the objectives of chemical research and industry by embedding sustainability into the
core of chemical design. Through the adoption of atom-efficient reactions, safer solvents, renewable materials, and
catalytic processes, it is possible to significantly reduce environmental impact without compromising efficiency or
productivity. As regulatory frameworks tighten and environmental awareness grows, green chemistry will become

not just an option but a necessity for future scientific and industrial progress.
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