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Abstract

Green or sustainable chemistry involves creating
chemical products and methods that reduce or
eliminate harmful chemicals. Sustainable chemistry
is green chemistry. The chemical industry uses only
environmentally  friendly chemicals and
procedures. It uses twelve principles to make
molecules, materials, reactions, and processes that
are safer for humans and the environment. This
article shows how "Green Chemistry" might lessen
environmental damage from chemical processes
and technology.

This research seeks to understand how catalysts
contribute to green chemical synthesis for a more
sustainable future. Catalysis is vital for
ecologically responsible creation of new and old
compounds. Catalyzed processes need less energy
and produce fewer by-products, co-products, and
waste products, indicating increased efficiency.
Catalysts may be made without harming the
environment. The chemical industry uses a variety
of catalysts.

Key words- Green Chemistry, lonic Liquids,
Critical Fluids, Microwave Irradiation, Biomass,
Biocatalysis, Photocatalysis

Introduction

Definition of green chemistry-

The creation of chemical products and
procedures that lessen or do away with the
use and production of toxic substances is
known as green chemistry, often referred
to as sustainable chemistry. Chemical
products should be made to not linger in
the environment after they have completed
their intended function and have been
broken down into ecologically benign
parts.

INTRODUCTION TO GREEN
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CHEMISTRY-

Green chemistry originated in the early
1990s. The Royal Society of Chemistry's
green chemistry magazine was formed in
1997 and released its first volume in 1999.
3 Green chemistry covers inorganic,
organic, biochemistry, polymer,
environmental, and toxicity. Catalysis, bio-
catalysis, safety alternatives, renewable
feedstock (biomass), reaction solution
(water, ionic liquids, and supercritical
liquids), reaction conditions (microwave
irradiation), and new synthetic pathways
can achieve environmental protection and
economic  benefit  (photo  catalytic
reaction).

Drug Concept Eco-Chemistry
Pharmaceuticals drive the chemical
industry. It pioneers "greener” feedstock,
cleaner solvents, alternative processes, and
new ideas. These initiatives will boost the
pharmaceutical industry's environmental
credentials and cut production costs and
materials, ensuring long-term
sustainability. A new generation of
scientists and technicians is being trained
to effectively analyze production and
development processes and materials to
conserve natural resources and the
environment. No hazardous compounds
are utilized or generated, thus there is no
need to remove them from the
environment or restrict exposure. Green
chemistry reduces waste, raw materials,
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hazards, energy, environmental effect, and
cost.

Scientific Areas for Practical
Applications of Green chemistry

The areas proposed for special focus under
the green chemistry Principles were the
following.

1.Use of alternative feedstock

2.Use of less hazardous reagent

3.Use natural processes like biocatalytic
techniques 4.Use of alternative solvents
5.Designe of safer chemicals and products.
Green Chemistry's Latest Trends-

The fundamental objectives of the green
program are met by a number of
significant trends in the  design,
development, and use of chemical
products and procedures that reduce or
stop the use or manufacture of pollutants
harmful to human health and the
environment.

research on catalytic and biocatalytic
reactions to produce highly selective, pure
molecules devoid of hazardous
byproducts; looking for novel raw
materials that are both safe and
sustainable, such as biomass;

creating less harmful, ecologically friendly
compounds;

novel non-toxic, renewable reaction media
development and evaluation, including
water, ionic liquids, and supercritical
fluids.

creating and analyzing novel reaction
circumstances, such as those using
microwave, ultrasound, and light.
PRINCIPAL IN GREEN CHEMISTRY
The EPA's Paul Anastas and John Warner
developed twelve green  chemistry
principles and explained their practical
application in their 1998 book, Green
Chemistry Theory and Practice. According
to the principles of "green chemistry," it is
necessary to lessen or completely

eliminate the use of chemicals that are bad
for both human health and the
environment  during the  synthesis,
production, and application of chemical
products.

Two of the ideas are "Reducing Risk™ and
"Minimizing the Environmental
Footprint.” Several chemical businesses
have historically been seen as risky. New
chemical goods were related to potentially
harmful substances for people and
environmental ~ contamination,  giving
synthetic chemical materials a "bad
reputation.” The environmental footprint is
influenced by several things, including
energy usage, climate change, crises, and
the depletion of natural resources.

1. Prevention

2. Atom Economy

3. Less Hazardous Chemical Syntheses

4. Designing Safer Chemicals

5. Safer Solvents and Auxiliaries

6. Design for Energy Efficient

7. Use of Renewable Feedstock 8.Reduce
Derivatives

9. Catalysis

10. Design for Degradation

11. Real-time analysis for Pollution
Prevention

12 Inherently Safer Chemistry for
Accident Prevention

What is Catalysis-

In chemistry, the process of adjusting a
reaction's pace by employing a material
that isn't consumed by the reaction is
referred to as catalysis.

How it related to green chemistry

Every day, chemical processes generate a
lot of waste. Particularly stoichiometric
equivalents result in unwanted
consequences  like  inorganic  salts.
Stoichiometric chemical techniques are
gradually being replaced by more effective
catalytic alternatives, enabling scientists to
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save resources and energy. Greener
catalysis is the transition  from
stoichiometric processes to homogeneous
and heterogeneous catalytic reactions
employing organic, organometallic,
inorganic, and biological catalysts.

Role of Catalyst in green chemistry
Green chemistry discovers and employs
eco-friendly chemicals and processes.
Green chemistry involves catalysis. Green
chemistry reduces toxicity. It designs and
implements pollution avoidance strategies
other than waste management to decrease
waste, energy use, and natural resource
depletion. Green chemistry reduces carbon
emissions and pollutants. Catalysis reduces
pollutants. Catalysts have been used to
improve air quality by removing and
controlling NOx emissions, reducing
VOCs, and developing alternative catalytic
technology to replace chlorine or chlorine-
based intermediates in chemical synthesis
and waste minimization. Catalysis speeds
up and selects processes, eliminating huge
amounts of byproducts and other waste
substances.

Types of Catalysis —

Homogeneous or heterogeneous catalysis
may be utilized for synthetic processes,
depending on how many phases are
involved in the catalytic reaction.
Heterogeneous catalysis is a multi-phase
reaction, while homogeneous catalysis is
often a single-phase reaction that is
liquid/liquid. One benefit of using
homogeneous catalysts is that they lower
reaction temperatures, which results in
energy savings.

Among the catalysts are some of the
following:

1. METAL CATALYST - An
environmentally friendly reaction may be
achieved by using carefully chosen metal
catalysis. In reducing processes like

hydrogenation, transition metals are
widely used as catalysts. Metal catalysts
may be dispersed on solid supports like
silica, alumina, or carbon or they can be
made of pure metals, bimetallic or
multimetallic metal combinations.

2. METAL OXIDE CATALYST-
Transition metal oxides have been used in
catalytic oxidation. Whereas hydrogen
peroxide is preferable for making fine
compounds, molecular oxygen is favoured
when making bulk chemicals. Hydrogen
peroxide is less harmful to the
environment than molecular oxygen even
though it is more costly since it is
transformed into water during the
oxidation  process. Ozone is also
ecologically favorable since it is converted
to molecular oxygen, but its production
requires special handling and tools.

3. METAL COMPLEXES- Metal
complexes are often used in homogeneous
catalysis. Naproxen was produced under
high pressure with a 97% yield using a
transition metal complex. Inhomogeneous
phase reactions are catalyzed by chiral
metal complexes, which also regulate the
stereo specificity of the process.

4. BIOCATALYSTS- Both homogeneous
and heterogeneous systems employ
enzyme and antibody catalysts.

6. ANTIBODY CATALYSTS- Antibody
catalysts are a different kind of biocatalyst
that is commonly used. The antigen
structure necessary to trigger an immune
response has an impact on the specificity
and selectivity of the antibodies.

7. ENZYME CATALYSTS- One of the
most remarkable properties of enzyme
catalysts is selectivity. They can
discriminate between several identical
groups inside the same molecule because
they are regioselective. Both aqueous and
non-agqueous solvents, including
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supercritical fluids, may support enzyme
catalysis.

Solid acid and bases As catalyst-

The manufacturing of a broad variety of
specialty chemicals, including
pharmaceuticals, agrochemicals, flavors,
and fragrances, as well as the oil refining
and petrochemical industries, depend on
acid and base catalyzed reactions. Several
of these procedures call for the use of
standard Brnsted acids (H2SO4, HF, HCI,
p-toluene-Sulfonic acid), or Lewis acids,
in liquid-phase homogeneous systems, or
on inorganic supports in vapour phase
systems (AICI3, ZnCl2, BF3). Similar to
this, common bases include NaOH, KOH,
NaOMe, and KOBut. The creation of
inorganic salts that ultimately make their
way into aqueous Streams as a
consequence  of  their  subsequent
neutralization.

Additional advantages of using solid acids
and bases as catalysts include:

-Separation and recycling are made easier,
resulting in a faster process and lower
production costs.

-Solid acids, such as H,SO,4, HF, are safer
and easier to handle than their liquid
equivalents.  Very  corrosive  and
necessitates the use of costly construction
materials

-Trace levels of (neutralized) -catalyst
contamination in the product are often
avoided. When the latter is a dependable.
-Granular chemicals are safer and easier to
operate than their liquid counterparts.
Solid Acid Catalysis —

The use of heterogeneous catalysis in acid-
catalyzed processes is among its most
significant applications. Solid catalysts are
used in a variety of processes. Among
these are mixed oxides such silica-alumina
and sulfated zirconia, as well as acidic
clays, zeolites, supported heteropoly acids,

and zeolites. Mesoporous oxides and
organic ion exchange resins are examples
of hybrid organic-inorganic materials.
Airborne organic sulfonic acid moieties
are present.

WITH A SOLID BASE

Compared to solid acids, there are much
fewer instances of reusable solid base
catalysts in use. This is most likely
because the production of substances that
are readily accessible uses acid-catalyzed
reactions much more often. The many
solid bases mentioned share similarities
among them. Alternatives to the solid
acids described in the previous sections
include anionic clays, basic zeolites, and
anionic clays. Mesoporous silica with
organic bases grafted on it is pendent.
Catalytic C-C Bond Formation

The creation of C-C bonds is a crucial
catalytic process in the synthesis of
organic compounds and is a further
significant transition. They are utilized to
produce acetic acid in the bulk chemical
industry by catalyzing the carbonylation of
methanol with rhodium, and since they are
100% atom efficient, they are being
employed more and more in fine
chemistry. production of chemicals For
instance, a lovely example of this is the
Hoechst-Celanese approach. Ibuprofen
manufacturing, having a production
capability of several thousand tonnes
annually.

TECHNOLOGY OF ENZYMES IN
BIOCATALYTIC REDUCTION

Since they produce chiral products with
novel functions, reductions are crucial
steps in the synthesis of organic molecules.
Such reactions may be catalyzed by
enzymes with remarkable stereo-, regio-,
and chemoselectivity, leading to the
development of shorter traditional
synthetic routes in addition to those with a
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high added value. Chemicals in bulk as
well as compounds are accessible. Nature's
catalysts, enzymes provide almost infinite
access to a variety of chemical processes.
Reactions. Particularly reductions may
lead to the creation of numerous chiral
centers as well as multiple chiral centers.
Also, there are novel functional groups in
goods that are highly sought after in the
pharmaceutical and fine chemical sectors.
Are Biocatalytic Reactions Green?

For many Scholars today, the adage
"biocatalysis is innately green” has taken
on a life of its own. First of all, scientists
should be aware that no chemical
transformation, including biocatalytic
processes, is environmentally friendly
since they always use resources and
produce waste. We think that one
methodology's response may be more
environmentally friendly than another.
Yet, rather than being reliant on
generalizations, such a comparison should
be grounded on quantifiable data.
Comparative ~ complete  life  cycle
assessments (LCAs) are the "gold
standard" for such comparisons, although
they are often time-consuming owing to
the substantial amount of data that must be
available. Sheldon's E-factor6 and maybe
its descendant, the E+-Factor, constitute a
workable replacement for The Preparative
Chemist when energy-related CO2
emissions are taken into consideration.
Conclusion

Traditional methods that are not eco-
friendly, use hazardous solvents, and are
not atom specific in the sense that they do
not adhere to green chemistry principles
need to be updated or modified. This may
improve student security while also being
ecologically responsible. A brand-new
strategy has been introduced for the first
time. Alternative methods are utilized in

organic  synthesis. The ecologically
friendly synthesis of chemicals depends on
catalysis. Many by-products, co-products,
potential wastes, and pollutants may be
avoided by switching to an ecologically
friendly synthetic technique instead of a
traditional ~ synthetic ~ process.  The
feasibility —of wusing catalysts for
environmentally friendly synthesis is
shown by the reduction of a number of
steps that typically occur during synthesis.
Catalyst usage in chemical synthesis has
several advantages. creating
environmentally friendly chemicals and
environmentally friendly technologies.
References

1. R.T. Human health Pharmaceutical in the
environment : am introduction , Allen , Press /ACG
publishing , 2005 ; 1-45 (v.2009) : environmental
protection : green manufacturing in
pharmaceuticals industry and cost reduction , Kem
IND 58 (1): 32-33. In Croatian .

2. Vajvodic , (v.2009) environmental
protection : green manufacturing in
pharmaceuticals industry and cost reduction , Kem
IND 58 (1): 32-33. In Croatian . linthorst J.A.
ffounduct.chem.2010, 22:55

3. Anastas P., Eghbali N. Chem. Soc. Rev.,
2010, 39:301
4, Dunn P, Wells A, Williams MT (Eds).

Green Chemistry in the Pharmaceutical Industry.
Wiley VCH, Chichester, West Sussex, UK, (Wiley-
VCH Verlag, Weinheim, New York), 2010.

5. Cavani F, Centi G, Parathoner S, Trifino
F (Eds). Sustainable Industrial Chemistry. Wiley-
VCH, Chichester, West Sussex, UK, 2009.

6. 8.R. A. Sheldon. Chemistry & Industry 1,
12 (1997); J. H. Clark. Green Chem. 1, 1 (1999).

7. Allison L.B. (2005) “Green Careers, Case
Study: Green Chemists and Pain Killers”. The
Magazine For ACS, Green Chemistry Generating
Reactions, 14(4):15.

8. Huheey J.E. (1996), Incorporating
Environmental Issues into the Inorganic

Anveshana’s Internatlonal Journal of Research in Engineering and Applied Sciences

EMAILID: naindi mail.

WEBSITE www.anveshanaindia.com



4 AIJREAS VOLUME 8, ISSUE 4 (2023, APR) ~ (ISSN-2455-6300)ONLINE
5 Anveshana’s International Journal of Research in Engineering and Applied Sciences
" REAF

Curriculum, Designing Chemistry for the
Environment, ACS symposium series 626, New
York, 251pp

9. Cusumano J.A. (1992) In: Perspective in
Catalysis; Thomas J.M., Zamaraev K.l. Eds;
Blackwell Scientific Publications: Oxford, 542pp
Sheldon R.A. (1991) Chemtech 21: 566.

10. Margolin A.L., Delinick D. L. and Whalon
M.R. (1990) J. Am Chem. Soc. 112: 2849-2859.
14.Riva S., Chopineau J., Kieboom A.P.G.,
Klibanov A. M (1988), J. Am Chem Soc. 110: 584

11. Igbokwe  J.I.  (2010), Geospatial
Information Remote Sensing and Sustainable
Development in Nigeria, 15th Inaugural Lecture of
the Nnamdi Azikiwe University, Awka, 159Pp

12. Huheey J.E. (1996), Incorporating
Environmental  Issues into the Inorganic
Curriculum, Designing Chemistry for the
Environment, ACS symposium series 626, New
York, 251pp Noyori R. (1991) Chemtech 360-367

13. Maly J.P., Bedi G. Battioni P. and Mansuy
D. (1988) Perkin Trans 11:1517-1524..S..
Kobayashi, Chem. Lett., 1991, 2187.

14. S.R. Noyori, T. Ohkuma, Angew. Chemint.
Ed., 2001, 40, 41.

Anveshana’s International Journal of Research in Engineering and Applied Sciences

EMAILID:anveshanaindia@amail.com,WEBSITE:www.anveshanaindia.com
18



