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Abstract:

Chemistry plays a vital role in our lives, with its applications spanning across the globe in areas such as
medicine and technology. It is nearly impossible to envision a world without the contributions of
chemistry. However, many of the reactions traditionally practiced in pharmaceutical and medicinal
chemistry laboratories pose hazards to the environment and therefore require modification. Motivated by
environmental regulations such as the Pollution Control Act, green chemistry has emerged as a modern
approach dedicated to sustainability. Often described as the foundation of a sustainable future, green
chemistry emphasizes minimizing or eliminating environmental harm caused by chemical processes.
Increasingly, both industry and academia acknowledge its importance. Sustainable chemistry extends
from reducing waste generation to ensuring proper disposal of chemical byproducts, with the
overarching goal of protecting both the environment and human health. This article provides an
overview of the implementation of green chemistry principles and their applications in basic and applied
research. Being a multidisciplinary field, green chemistry encompasses areas such as synthesis, solvent
design, catalysis, and process efficiency.
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Introduction to Green Chemistry
Green chemistry can be viewed as comprising two core components. First, it emphasizes the efficient
use of raw materials while minimizing or eliminating waste. Second, it focuses on the health, safety, and
environmental concerns related to the production, application, disposal, or reuse of chemicals. At its
core, green chemistry introduces a novel approach to the synthesis, processing, and utilization of
chemical substances in ways that reduce risks to both human health and the environment. This approach
is often referred to as environmentally benign chemistry or clean chemistry.
The term Green Chemistry was introduced in 1991 by Paul T. Anastas, with the aim of designing safer
chemicals and processes that exert minimal environmental impact. Rather than focusing on remediation,
green chemistry seeks to prevent pollution altogether by creating innovative chemical methods that are
inherently non-polluting. The guiding framework for this field is captured in the 12 principles of green
chemistry, which outline strategies for applying these ideas in both fundamental and applied research.
1. Prevention: It is more effective to prevent the generation of waste than to manage or clean it up
afterward. Redesigning chemical transformations to minimize or avoid hazardous byproducts
represents a key step toward pollution prevention. As the old adage goes, “prevention is better than

’

cure.’

IJFMR250556558 Volume 7, Issue 5, September-October 2025 1



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
2. Atom Economy: This principle emphasizes maximizing the incorporation of all atoms from the

10.

starting materials into the final product. Inefficient processes that leave unused atoms behind
generate waste, while atom-economical reactions enhance resource efficiency and minimize
environmental burden.

Less Hazardous Chemical Synthesis: Green chemistry promotes the use of synthetic
methodologies that reduce or eliminate the generation of toxic substances. By selecting safer
reagents and reaction pathways, chemists can achieve the desired products while lowering risks to
human health and the environment. For instance, in the production of polystyrene foam packaging,
harmful chlorofluorocarbons (CFCs), which contribute to ozone depletion and global warming, have
been replaced with carbon dioxide as a blowing agent.

Designing Safer Chemicals: Products should be designed to deliver their intended function while
posing minimal toxicity. In pharmaceuticals, this principle is critical. For example, racemic
thalidomide tragically caused severe birth defects, as one enantiomer was therapeutic while the other
was teratogenic. Designing safer, enantiopure compounds demonstrates the importance of safety in
molecular design.

Safer Solvents and Auxiliaries: Solvents play a central role in chemical synthesis, purification, and
daily applications. However, many commonly used solvents—such as benzene, carbon tetrachloride,
chloroform, and dichloromethane—are volatile, toxic, and carcinogenic. Green chemistry redefines
solvent use by encouraging alternatives that are natural, nontoxic, inexpensive, and readily available.
Water is a prime example of a safe and environmentally benign solvent.

Design for Energy Efficiency: Chemical processes should be designed to minimize energy
consumption, both to reduce costs and to lower environmental impact. Traditional energy generation
contributes significantly to global challenges such as climate change. By optimizing reaction
conditions—such as conducting reactions at ambient temperature and pressure—green chemistry
promotes energy-efficient and sustainable practices.

Use of Renewable Feedstocks: Currently, the majority of everyday products—nearly 90-95% —are
derived from petroleum. Beyond its role as a fuel, petroleum serves as a foundation for plastics,
lubricants, and numerous consumer goods. This principle encourages shifting toward renewable raw
materials as substitutes for finite fossil resources. Examples include biodiesel, derived from plant
oils, and bio-based plastics such as polylactic acid (PLA), produced from corn or potato waste.
Similarly, adipic acid, traditionally synthesized from carcinogenic benzene, can instead be produced
from renewable, non-toxic glucose in aqueous systems.

Reduce Derivatives: Chemical syntheses often involve unnecessary steps such as protection,
deprotection, or temporary modification of functional groups. These additional steps require extra
reagents and generate more waste. Green chemistry emphasizes avoiding such derivatization
whenever possible to streamline processes and minimize environmental impact.

Catalysis: Catalysts play a critical role in enhancing reaction efficiency while lowering energy
demands. Unlike stoichiometric reagents, catalysts can be effective in small quantities and may be
reused. When environmentally benign, they further reduce hazards in chemical processes. Enzymes
provide excellent examples of green catalysts, enabling biocatalyzed reactions to occur in aqueous
media under mild conditions.

Design for Degradation: Sustainable design not only requires the use of renewable resources but
also demands that materials break down safely after use. Products such as plastics that persist in
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landfills or pharmaceuticals like antibiotics that accumulate in waterways create long-term
environmental risks. According to this principle, products should be designed to function effectively
during use and then degrade into harmless substances upon disposal.

11. Pollution Prevention: Consistent with the maxim “prevention is better than cure,” this principle
underscores the importance of eliminating pollution at its source rather than managing or treating it
after it occurs. Designing processes and practices that reduce or prevent waste generation ensures a
cleaner and safer environment.

12. Safer Chemistry for Accident Prevention: Worker safety and community protection are central to
this principle. Chemical processes should avoid the use of substances that pose risks of explosion,
fire, or other uncontrolled reactions. The tragic 1984 Bhopal disaster, caused by the accidental
release of toxic chemicals, highlights the catastrophic consequences of neglecting this principle.
Safer chemical design reduces the likelihood of accidents, minimizing harm to people and the
environment.

Together, these twelve principles provide a framework for guiding chemical research, industrial practice,

education, and policy. While the first principle emphasizes the overarching goal of preventing pollution,

the remaining principles address issues of efficiency, toxicity, solvent use, energy consumption,
renewable raw materials, and safe degradation pathways—all essential to achieving sustainability.

Measures to Control Air Pollution

Activated Carbon: One of the most widely used approaches for controlling air pollution is the use of
activated carbon filters. These filters work by adsorbing pollutants, thereby reducing the release of
harmful substances into the atmosphere and effectively cleansing the air of potential toxins.
Biofiltration: Another effective method is biofiltration, which employs microorganisms such as bacteria
and fungi to degrade and dissolve pollutants. This technique is commonly applied in industries such as
food processing, pharmaceutical manufacturing, and wastewater management. Despite its effectiveness,
biofiltration requires a relatively large operational space, which often limits its adoption in industries
where space availability is a constraint.

Fuel Switching: Changing the type of fuel used can significantly reduce air pollution. For example,
electric utilities may switch from high-sulfur to low-sulfur fuels to lower emissions, although the latter is
more expensive. Natural gas is another cleaner alternative. In some cases, fuel switching is guided by
meteorological conditions or air pollution forecasts to minimize environmental impacts. For instance,
asphalt plants may use oil with low ash content or natural gas to reduce particulate emissions.
Additionally, the introduction of cleaner fuels such as compressed natural gas (CNG), propane, ethanol,
and other oxygenated fuels for automobiles has contributed to lowering air pollutant levels. While
nuclear power plants are relatively free of air pollution compared to coal-fired power plants, debates
persist regarding their overall environmental and safety implications.

Improved Dispersion: Another strategy involves diluting pollutants in the atmosphere before they reach
the ground, thereby reducing the population’s exposure to harmful concentrations. However, the U.S.
Environmental Protection Agency (EPA) generally discourages this method for industrial use. Instead,
emissions are required to pass through control devices that either remove, neutralize, or transform
pollutants prior to their release into the environment.
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Conclusions

Air pollution refers to the presence of foreign substances in the atmosphere, which may originate from
natural sources or human activities, and often accumulate in densely populated areas. Such pollution
poses significant risks to human health, while its prevention and control impose substantial economic
costs on society. In recent years, air pollution has emerged as a critical issue, threatening both
environmental integrity and social well-being. Governments, regulatory authorities, and industries have
responded through policy reforms and the adoption of technological innovations aimed at mitigating its
impact. Within this context, green chemistry has emerged as a forward-looking approach, offering
principles and methodologies that align with the goals of sustainable development. Ongoing efforts are
focused on designing processes that utilize non-polluting materials and minimize environmental harm.
The future of the chemical industry lies in developing safer products and processes, supported by
innovative ideas derived from advancements in fundamental research.
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