A REVIEW ON CHALLENGES AND IMPACT OF GREEN
CHEMISTRY ON ENVIRONMENT

ABSTARCT

Green chemistry is the practice of developing chemical products and procedures that reduce or completely eliminate the
use or production of hazardous compounds. This represents fresh, revolutionary advancement in the study of chemistry.
This environmentally friendly approach would safeguard our ecosystem from dangerous and poisonous chemicals. The
12 guiding principles for green chemistry were first put forward by Paul Anastas and John Warner in 1990. The
challenges of environmentally friendly chemistry, which also saves lives. Financial, regulatory, and knowledge and
experience limitations are only a few of the barriers facing green chemistry. Recycling is an essential part of green
chemistry because it safeguards of humans, animals, and plants from dangerous chemicals, has a positive impact on the
environment, and creates new economic opportunities. Green chemistry has several applications in both daily living and

the pharmaceutical industry.
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INTRODUCTION

The term "Green Chemistry" refers to a broader idea that improves the right design of chemical products and the
synthesis process as a whole in order to avoid or limit the manufacture and usage of harmful substances for humans,
animals, and the environment in which we live. The broadest possible context, such as physical explosion, flammability,
Global-climatic changes, the ozone layer, and toxicological- mutagenic, carcinogenic, etc. Depletion, exposures to other
environmental pollutants, etc. Since Paul Anastas and John Warner first proposed the idea of Green Chemistry in the
1990s, a great deal of progress has been made and is still being made to solve the world's concerns with dangerous
chemicals and synthetic processes. Hazardous compounds' impact on our environment, water, air, and food, agricultural,
climatic, and a host of other environmental risks are warning us more and more to focus on and adopt greener concepts.
We should always consider safer and better methods for sustainable chemistry. Numerous instances given by scientists
in our area demonstrate its effectiveness, such as the substitution of safer insulating foams for those containing
chlorofluorocarbons, which reduces the possibility of adverse effects on the ozone layer and the environment as a whole.
Numerous instances in the energy sector, such as the reduced use of fossil fuels and the creation of safer pesticides,
resulted in significant improvements. Nonetheless, a lot of several attempts are being made, however they are
insufficient. Every person needs to consider the world as their own bedroom, kitchen, and living space; only then will we
become more and more responsible for seeking out better and safer solutions, reducing dangers, reusing certain
products to cut down on exposure and manufacturing, etc. As the Green Chemistry was purposefully created, many
techniques are based on the idea, however there is consistently a gap between the two. The development of several

strategies for green chemical synthesis is ongoing.(1)

DEFINITION OF GREEN CHEMISTRY



"Green chemistry" is the practice of creating chemical reactions and end products that are safe for the environment.
Chemical products are necessary to be made such that, after use, they may be broken down into environmentally

acceptable parts.

Figure No 1: - Green Chemistry (2)

HISTORY OF GREEN CHEMISTRY

A special program launched by the United State was Environmental protection agency (EPA) to implement suitable
development in chemical technology, industrial chemistry, academic, and government was the first to use the term Green
Chemistry. Poul.T. Anastas had first introduced the term in 1991. The annual United States presidential green chemistry
challenge was established in 1995. Within the scope of the International Union of Pure and Applied Chemistry, the
working party on green chemistry was established in 1996. In 1990, the royal society of chemistry released the first book
and periodicals on the topic of green chemistry. Clean chemistry, the atom economy, and environmentally friendly
chemistry are examples of a novel approach to the synthesis, processing, and use of chemical compounds that minimizes

harm to human health and the environment. (3)

The American Chemical Society, the world's biggest professional scientific society and membership organization for
chemists, welcomed the Green Chemistry Institute as a member in 2001. Both in 2001 (Knowles, Noyori, Sharpless) and
in 2005 (Chauvin, Grubbs, and Schrock), the Nobel Prize in Chemistry was awarded for work in chemistry that was
broadly regarded as being "green chemistry." The Nobel Prizes made it clear how important it is to do research in green

chemistry and raised scientists' awareness of the need for a greener chemistry in the future.(4)
IMPORTANCE OF GREEN CHEMISTRY

The United States Environmental Protection Agency's Toxic Release Inventory figures that 30 billion pounds of chemicals
were released into the atmosphere, groundwater, and ocean in 1993. Despite the fact that this data includes emissions
from several industrial sectors, it only includes 365 of the roughly 70,000 compounds that are now available for purchase.
Among the industrial sectors included by the hazardous release inventory, the chemical manufacturing industry is by far
the greatest emitter of chemicals into the environment, emitting in excess of four times as many pounds into the

atmosphere as the next highest sector.(5)



H Air
® Land
Surface Water

Underground
Injection

Fig no 2: - Distribution of chemical release to the environment (5)
GLOBAL RECOGNITION OF GREEN CHEMISTRY

I. Australia: Australia's Green Chemistry Challenge Awards are given out by the Royal Australian Chemical Institute
(RACI);

Il. Canada: The Canadian Green Chemistry Medal is a yearly honour granted to anyone or any group for advancing green

chemistry;

Ill. Italy: The inter-university consortium known as INCA is the focal point of green chemistry initiatives in Italy. Three prizes

are granted by INCA each year to the industry since 1999 for the use of green chemistry;

IV. Japan: The Green & Sustainable Chemistry Network (GSCN), a network made up of researchers and authorities from

chemical companies, was founded in Japan in 1999.

V. UK: The Crystal Faraday Partnership, a non-profit organization established in 2001, presents prizes to companies every

year for using green chemistry;
VI. United States- In the US the Environmental Protection is carried out

VII. Nobel Prize: By presenting Yves Chauvin, Robert H. Grubbs, and Richard R. Schrock with the 2005 Nobel Prize in
Chemistry for "the development of the metathesis method in organic synthesis,” the Nobel Prize Committee

emphasized the impact of "green chemistry."(6)
PRINCIPLES OF GREEN CHEMISTRY

The chemical industry is now attempting to solve some of these difficulties by using the 12 Principles of Green Chemistry,

which were first introduced in the 1990s.

The principles of green chemistry including



1

2)

3)

4)

1. Prevention

12. Inherently Safer Chemistry
for Accident Prevention 2. Atom Economy

11. Real-time analysis
for Pollution Prevention @ & - >

10. Design for
Degradation

3. Less Hazardous
Chemical Syntheses

4. Designing Safer
Chemicals
9. Catalysis @ §. Safer Solvents and
Auxiliaries
8. Reduce Q 6. Design for Energy
Derivatives Efficiency

7. Use of Renewable
Feedstocks

e
@'.

Fig no 3: — Principles of green chemistry(7)

Prevention- The first concept of green chemistry is the principle of prevention, or the idea that preventing waste
formation is ultimately less expensive and better for both people and the environment than treating and eradicating
garbage after it has appeared.(8)

Example- Avoid overusing natural resources like coal and petroleum, as their combustion releases a variety of
hazardous chemicals, including carbon dioxide, nitrogen dioxide, and sulphur dioxide, which contribute to acid rain

and global warming, respectively.(9)

Atom economy- It should be planned to include all materials utilized throughout the production process as much as

possible into the finished product.(3)

Example - Calculating the economics of atoms One mole of maleic anhydride, two moles of carbon dioxide, and two

moles of water are formed when one mole of benzene reacts with four and a half moles of oxygen. (9)
Atom economics is (mass of desired product/mass of atomic reactant). *100

= (98/222) *100

=44.1%

Less hazardous chemical syntheses- The Less Hazardous Chemical Synthesis promotes the development of
synthetic techniques for the use and synthesis of compounds that are less or completely dangerous to human health
and the environment, wherever this is possible. Many industrial processes may be made safer and more affordable
by substituting biological enzymes for hazardous chemicals [6].

Example- (a) Prevent the creation of chemicals like those made by organ mercurial, which led to the Minamata
catastrophe.

(b) Prevent making methyl isocyanate (MIC), which was responsible for the Bhopal gas disaster.(9)

Design Benign Chemicals - Chemical goods and procedures should be made in a way that minimizes their toxicity,
bioaccumulation, and biotransformation while being extremely selective in nature and affecting the required functions.

It is a selective insecticide that exclusively kills wide leaf weeds for instance in 2, 4-D.(9)



5) Safer Solvents and Auxiliaries- Avoid utilizing auxiliary chemicals, separation agents, or other cancer-causing
substances. Solvents including acetone, benzene, and ether should be avoided since they are very flammable. As
they offer health hazards, other substances like CCl4, CHCI3, and should be avoided.

Example - The usage of hazardous chemicals like perchloroethylene for dry cleaning clothing has recently been
substituted with liquid CO2.(10)

6) Design for Energy Efficiency: - It is necessary or vital to build a chemical manufacturing process that consumes less
energy to provide the intended outcome. carried out using a suitable catalyst at ambient pressure and temperature.
Example- Ammonia is created using the Haber process.(11)

N2 + 3H3 — 2NH3
700-723 kelvin, 200 atm of pressure, with iron as the catalyst

7) Use of Renewably Sourced Feedstocks- Whenever it is technically and economically feasible, use renewable
feedstocks.

Example -using renewable raw resources rather than a range of plastic materials and then disposing of the trash is
more practical. As a result, producing biodegradable plastic is currently popular.(8)

8) Reduce chemical derivatives- The use of blocking groups, protection/deprotection, and temporary alteration of
physical/chemical processes are examples of unnecessary derivatization that should be reduced or avoided wherever
feasible since they need extra reagents and can produce waste.(12)

9) Catalyst: - Stoichiometric reagents are inferior than catalytic reagents. One of the most essential components of
environmentally friendly chemistry is catalysis, which supports several green chemistry objectives including energy
efficiency, less consumption of energy, improved vyields, and achieving high selectivity with little waste utilizing
biocatalysts. For its vital function, catalysis is known as the "foundation pillar of green chemistry".(13)

10) Design for Degradation: - Chemical goods should be made in such a way that they degrade into harmless by
products at the conclusion of their usage or function and do not linger in the environment.

Example - DDT residues left behind after its usage as a pesticide contaminate soil for many years. In contrast,

biological pesticides are an option.

11) Real-time Analysis for Pollution Prevention- It is necessary to create analytical approaches that enable real-time, in-
process monitoring and control of any negative consequences prior to the creation of dangerous chemicals.
Example - Making ethylene glycol can yield dangerous compounds at higher temperatures if reaction conditions are
not well controlled.(10)

12) Inherently Benign Chemistry for Accident Prevention: - To reduce or completely prevent the possibility of chemical
accidents, such as explosions, fires, and smoke produced as a result of chemical release into the environment,
chemical processes and products as well as their physical forms, such as solid, liquid, and gaseous form, are

designed. Here also involved some hazardous substances are Corrosive, Flammable, Explosive, Reactive, Toxic.(9)
EXAMPLES OF GREEN CHEMISTRY

» Biodiesel Oil - The seeds of grown plants like jatropha curcus are used to make the biodiesel oil. It is created by trans
esterifying the oil with methanol when potassium hydroxide is present. Glycerine, a crucial component of soap
manufacture, is a waste product. Utilizing biodiesel oil has a number of benefits. It is produced using renewable
resources, doesn't pollute the environment with Sulphur compounds, and normally doesn't increase the atmospheric
carbon dioxide concentration. The plants raised for the purpose of producing biodiesel absorb the carbon dioxide

discharged while burning. Supercritical fluids (SCFs) are being used in increasingly and more chemical reactions.(14)



» Carbon dioxide solvent - In addition to existing naturally in the atmosphere, carbon dioxide is produced through a
variety of industrial processes, such as the production of ammonia, hydrogen, and ethanol, as well as the burning of
carbonaceous fuels to produce electricity. By reusing emissions from other uses, it is conceivable to recover and
utilize the massive amount of carbon dioxide that is otherwise released into the atmosphere. This recycling can also
assist in meeting environmental requirements. One goal of emission trading systems is to manage and reduce
emissions of greenhouse gases like carbon dioxide. A solvent that is appealing is carbon dioxide since it is chemically
and ecologically safe. Small molecules may be broken down by carbon dioxide alone, but until specialized surfactants
were created, commercial applications for pure carbon dioxide in either a liquid or supercritical form were rare. Polar
solvents like fluorocarbons (acetone, methanol) dissolve in supercritical carbon dioxide. The earliest usage of
supercritical carbon dioxide as a solvent was for the extraction of teas and coffees, which uses carbon dioxide as a
solvent. (14)

» Hydrazine- The method used to make hydrazine without cogenerating salt is the peroxide procedure. Traditional
methods for producing hydrazine include the Olin Raschig process, which uses sodium hypochlorite (the primary
component of many bleaches) and ammonia. Every equivalent of the desired product, hydrazine, is converted into
one equivalent of sodium chloride in the net reaction:

NaOCI + 2 NH3 — H2N-NH2 + NaCl + H20
Hydrogen peroxide is used as the oxidant in the environmentally friendly peroxide process, and water is the by

product. Following is the net conversion:
2 NH3 + H202 — H2N-NH2 +2 Hzo

Regarding principle 4, this procedure does not necessitate the use of additional extraction solvents. The intermediate
ketazine phase, hydrazine, is carried by methyl ethyl ketone. Separation from the reaction mixture makes workup
easier without using an extraction agent.(15)

» Lactide- Cargill Dow (now known as Nature Works) received the Greener Reaction Conditions Award in 2002 for their
enhanced technique for creation of polymers from polylactic acid. Due to the poor performance of lactide base
polymers, the research was Dow quickly after receiving the prize stopped. the lactic acid derived by fermenting grain
to create lactide, cyclic dimer ester of lactic acid produced by a successful, catalyst-assisted cyclization. The
enantiomer of L, L-lactide is distilled and then polymerized in the melt to create a polymer that crystallizes and has
some uses such as clothing and textiles, cutlery, and food packaging. Wal-Mart has said that it will or is now utilizing
PLA for its package for producing. Nature Works PLA's method dispenses with petroleum feedstocks in favour of

renewable resources, does not call for the normal usage of dangerous organic solvent.(16)
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Fig No 4: - Lactide (16)




CHALLENGES OF GREEN CHEMISTRY

The problem with green chemistry is that it might potentially save lives in addition to being good for the environment.
Many goods are produced using conventional manufacturing procedures; however, they are unfriendly to the

environment.

Green chemistry will be our greatest choice in this situation. Although the challenges of chemist’s face in designing safer
chemicals where the governments, business, and the general public now recognize sustainable development as a vital
objective for accomplishing social, economic, and environmental goals. The natural environment, the competitiveness of
the chemical industry, and the maintenance and improvement of our quality of life all depend on chemistry. Government
and the general public do not typically acknowledge this function of chemistry. Many people truly believe that chemicals,
chemistry, and chemists are the root of the issues. Therefore, chemical goods should be created by chemists to maintain
function efficacy while lowering toxicity. Chemists create new molecules and materials; they are molecular designers.
Green Chemists ensure that the products we create not only perform the intended functions, but also do it securely. This
implies that it's crucial that whatever chemists create is safe as well as necessary to pay attention to how they do it.
Hazard and function are not connected in chemistry (6)

The challenge for chemists and others is to develop new products, processes and services that achieve the societal,
economic and environmental benefits that are now required. This requires a new approach which sets out to reduce the
materials and energy intensity of chemical processes and products, minimise or eliminate the dispersion of harmful
chemicals in the environment, maximise the use of renewable resources and extend the durability and recyclability of

products in a such way which increases industrial competitiveness.(17)

The barriers associated with green chemistry also include:

1) Financial limitations: - Research & development expenditures are frequently expensive when it comes to the creation
of new technologies and procedures. This can be an enormous challenge for small enterprises or start-ups that lack
the necessary financial resources. Furthermore, implementing green chemistry may need expensive adjustments to
current supply networks and production techniques.

2) Barriers to regulation: - Regulatory and policy obstacles may prevent the adoption and use of green chemistry. For
instance, some governments could have out-of-date rules that don't fully acknowledge the advantages of green
chemistry or might not have any incentives to promote the adoption of sustainable methods.

3) Consumer skepticism: - Consumers who are unaware of the advantages of sustainable goods and processes may be
skeptical or resistant to green chemistry. This may be challenging if clients are afraid to pay extra for eco-friendly
products or if they are unsure of their effectiveness.

4) Limited knowledge and experience: - The creation of green chemistry necessitates a thorough knowledge of chemical
reactions and processes, as well as the capacity to create sustainable goods and methods. But if you lack the

necessary information and capacity, it could be difficult.

5) Cooperation and partnerships: - Collaboration and relationships with many stakeholders, such as business,
academia, governments, and non-profit organizations, are frequently necessary for green chemistry. This could be
challenging if there is a lack of unity and interaction across different groups.(18)

IMPACT OF GREEN CHEMISTRY

*.

« Economical Impact - Green chemistry serves to protect the environment by preventing pollution before it occurs, but it
also gives companies the chance to become more efficient and cut production costs, allowing them to both benefit the

environment and make money. The use of green chemistry, according to the same perspective, can enhance



economic performance. Recycling is a key idea in green chemistry and is essential to advancing a circular economy,
a new model of sustainability that may both have a positive impact on the environment and open up new commercial
opportunities. Environmental chemistry is critical for business and the economy in addition to being significant for
individuals and the environment. It aids in the discovery of techniques and strategies for accelerating chemical
processes while maintaining the same outcomes and product costs. Additionally, it assists in lowering the humber of
synthetic stages, allowing for higher production and plant capacity while minimizing energy and water usage. Utilizing
fewer chemicals during product manufacture reduces waste, which lowers the cost of hazardous waste treatment and
disposal of chemical waste. Green chemistry is being advanced primarily because of its financial advantages. Green
chemical practices are being adopted by the sector since they boost business profitability. The application of green
chemistry reduces a variety of operating costs.(19)

< Environmental Impact- By limiting or eliminating the risks associated with chemical ingredients, reagents, solvents,
and end products, green chemistry decreases pollution at its source. Numerous chemicals are discharged into the
environment either knowingly (such as pesticides used), unknowingly (such as emissions during manufacture), or
through disposal. Green substances either degrade into harmless substances or are recycled for future use. Plants
and animals suffer less when dangerous substances are present in the environment. less chemical ecosystem
disturbances caused by threats including pollution growth and development, ozone depletion, and global warming. a
decrease in the utilization of landfills, particularly those that handle hazardous waste.(20)
Before being released back into the environment, the residues from the chemical-pharmaceutical analyses must first
undergo pre-treatment. Nevertheless, the expense of this technique varies depending on how toxic and dangerous
the solvent is. For instance, when acetonitrile is burned, trash is produced that leads to acid rain. Even when a
method is used to reduce the solvent's toxicity, it still has an adverse effect on us. (World Health Organization, 1993)
Acid rain harms vehicles, structures, landmarks, plants, rivers, lakes, and other natural resources. Plantations that
provide food for thousands of people are visible to the greenery. Ecological disasters can happen when industrial
waste is discharged into the ocean. Fish and plants perish, tainted water changes, and eutrophication takes place
(World Health Organization, 1997)(21)

ADVANTAGES OF GREEN CHEMISTRY

e Green chemistry helps to create less waste in reality, green chemistry is a cutting-edge strategy for protecting both
the environment and human health.

e Long acknowledged to have a significant impact on the environment, energy usage and conservation.

e Microwave heating in the solid state is a method that is being utilized to produce chemical changes fast, in contrast
to how chemical modification has historically been carried out in liquid solutions.

e Researchers may work in open vessels with chemical less radiation-aided reactions, which lowers the risk of high
pressure and increases the possibility that such reactions may be scaled up.

e The feasibility of microwave-assisted solvent-free synthesis has been demonstrated by several real modifications and

the production of heterocyclic systems.(22)
DISADVANTAGES OF GREEN CHEMISTRY

e Designing chemical components and procedures that minimize or completely remove hazardous chemicals is the
fundamental objective of green chemistry.

e The conversion of an outdated, conventional product to a new, "green" product, as well as the creation of a new
product and process, are among the major challenges in green chemistry, and these challenges are represented in

time, prices, and a lack of knowledge in particular.



e There are no known substitute chemical or raw material inputs, it is frequently difficult and extremely expensive, and
there is also a lack of unity. about what is deemed safe.

e Lack of green chemistry will result from the high implementation costs and lack of knowledge, since there will be no
established option to apply chemical raw materials or different technologies for green processes. In addition, there is

a lack of human capabilities.(23)
APPLICATION OF GREEN CHEMISTRY ON DAILY LIFE

» Green Dry Cleaning of Clothes - A typical solvent for dry cleaning is perchloroethylene (PERC), sometimes known as
Cl2C=CCI2. It is now established that PERC is a possible carcinogen and that it contaminates ground water. Liquid CO2
and a surfactant were used in Joseph De Simons, and James McClain's Micell technology, which replaced PERC in the
dry cleaning of clothing. This technique has now been used for creating dry cleaning machines. A metal cleaning
technique developed by Micell Technology 8 that makes use of CO2 and a surfactant, removing the requirement for 9

solvents with the halogens.(24)

» Bleaching of pulp in the paper industry- The process of "pulping" occurs when raw materials' structural fibre
connections are systematically disrupted by chemical or mechanical means. Making pulp white by the process of
bleaching enhances the pulp's printing qualities and liquid absorption capacity. In order to eliminate stray dark coloured
particles in the finished sheet of paper, bleaching is also targeting some pollutants. Bleaching is the cost of manufacturing

pulp is greatly increased by processes.(10)

» Medicine - The pharmaceutical business is attempting to create medications with less hazardous side effects using less
lethal waste-producing techniques. An active component of the type 2 diabetes medication Januvia, sitagliptin was created
by Merck and Codexis in a second-generation green synthesis. This led to the development of an enzymatic approach that
lowers the requirement for a metal catalyst, waste, improves production, and increases safety. Simvastatin, a medication
marketed under the trade name Zocor, is widely used to treat cholesterol. The conventional process for manufacturing this
drug involved several processes and a significant number of toxic reagents, creating a significant volume of hazardous
waste in the process. University of California Professor Yi Tang employed a low-cost enzyme and an engineered

feedstock needed to create it.(25)

» Laboratory Safety Chemicals - Learners can gain first-hand experience with the procedures and reactions that are
necessary for organic chemistry in the lab. Despite being uncommon, several chemistry departments have incorporated
green chemistry into their curricula for organic laboratories and beyond. 69 of these programs have formally ratified the

Green Chemistry Commitment. Ideas to put the Green Chemistry Student Learning Objectives into practice.(10)
APPLICATION OF GREEN CHEMISTRY ON PHARMACEUTICALS

» Naproxen: - Using a chiral metal catalyst and the ligand BINAP (2, 2'-bis (biphenyl phosphino)-1,1'-binaphthyle),
naproxen may be produced with a respectable yield and controllable reaction conditions.

» Ibuprofen: - Ibuprofen is now synthesized using a more environmentally friendly approach that was created by BASF
that requires half as many stages. The atom efficacy of the most recent approach is over two times that of the earlier
synthesis. BASF created the BASILTM (Bi-phasic Acid Hunting Using lonic Liquids) technology, which produces the
ubiquitous photo catalyst compound alkoxyphenylphosphine, in an effort to create sustainable approaches.

» Production of compounds for atorvastatin: - In order to provide usable material required for the action of the enzyme,
ethyl-4-chloro-3-oxobutanoate is first subjected to the use of biocatalytic reduced glucose and keto-reductase,
producing a high-yield product. Ethyl-4-chloro-3-hydroxybutyrate is also known as. Halogens are introduced to the

second step of the chloro group was used in place of halo hydride to promote the cyano group.(26)



CONCLUSION

Green chemistry is the today's and tomorrow's hope that offers a priceless concept for the conservation of the
environment that is supported by science. The 12 principles of green chemistry must be taken into account while
constructing the reaction mechanism and choosing the catalyst in chemical research and pharmaceutical firms. By using
green chemistry technigues, we can reduce the use of dangerous chemicals, preserve the atom economy, and protect
the environment, which is an impact for the next generation. In order for the upcoming generation of chemical researchers
to think sustainably and develop safer techniques, it is also critical to provide them the foundations of green chemistry at
a young age. Chemical researchers will be essential in realizing the conditions necessary for the successful development
of green chemistry. Green chemistry finds a solution to this problem by developing innovative reactions that can optimize
the intended product and reduce by-products, simple the process of making chemicals, and looking for greener solvents
that are already socially and ecologically responsible. The use of green chemistry principles may also be advantageous
for the economy and the environment, leading to a more secure and efficient chemical industry. The general acceptance
of green chemistry principles in industry, academia, and the environment may be encouraged by identifying barriers to
implementation and developing strategies to overcome them. Students at all stages must be introduced to the principles
and application of green chemistry in the academic setting. The implementation of green chemistry principles results in a
more productive and ecological chemical industry, which has a significant impact on both the economy and the

environment.
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