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ABSTRACT

Due to increased knowledge of the effects of solvents on pollution, energy consumption, air
quality, and climate change, sustainable solvents are gaining attention from both the
scientific community and the chemical industry. A significant amount of organic pollution is
caused by solvent losses, and a significant amount of process energy is used in solvent
removal. Over the past three decades, a variety of more environmentally friendly or
sustainable solvents have been developed in an effort to address these problems. In order to
clarify the significant impact that green solvents have on the long-term viability of chemical
processes from both an environmental and financial standpoint, this study explores this
important topic. Through an examination of the intricate relationship between solvent
characteristics, reaction mechanisms, and product selectivity, this study highlights the ways
in which careful solvent selection can lower the carbon footprint of chemical reactions,
minimise waste production, and improve atom efficiency. The significant influence of solvent
effects on the design, optimisation, and scalability of green chemical processes is clarified by
means of an extensive examination of empirical data and theoretical models. This study adds
to the continuing conversation on improving green chemistry principles for a more
economically and environmentally sustainable future in chemical synthesis, while also
highlighting the need of sustainable solvent choices.

Keywords: Green solvents, Organic synthesis, Solvent effects, Green chemistry, Solvents.

1. INTRODUCTION

The town has been contaminated with unsafe and hazardous substances throughout the
last few decades. Various chemical reagents are used in the chemical industry to start
organic processes. These industries' runoff directly contaminates the environment by

combining with drinkable water. Numerous academics have focused on the pollution, which
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presents a novel idea called "green chemistry." Since the early seventeenth century,
chemistry has been a fascinating area of study in science. There are numerous sorts of
particles, mixtures, and buildings here that show a scope of physical and substance qualities
that you ought to know about prior to handling such materials. Hazardous situations can
occasionally arise during manufacturing. In this situation, green chemistry must be used to
minimise problems like these or increase product output. Thus, the field of green chemistry
is very important to chemistry.

1.1. Green Chemistry and Sustainability

Reducing the use and manufacture of dangerous chemicals for chemical processes, as well
as consuming less energy and shifting to renewable sources, is the aim of green chemistry.
Rather than focusing on refining current processes, green chemistry is now seen as a vehicle
for introducing sustainable notions at their core, leading to the creation of new products,
routes, and methods. Many published papers make the assertion that they offer
environmentally friendly substitutes for current procedures, frequently by demonstrating
how their study conforms with one or more green principles. According to Winterton, these
tactics are really "green herrings," and the bigger picture needs to be taken into account,
especially in terms of scalability, economics, and legal restrictions. This point of view is
consistent with sustainable chemistry, which approaches the advancement of chemical
technology in a more comprehensive manner. Since sustainability is intrinsically
interconnected, a multidisciplinary approach is thusly vital for green and economical
chemistry at the improvement stage.

1.2. Sustainability and Solvents

Numerous organic solvents are hazardous, poisonous, and bad for the environment. As such,
using them puts the environment and human health at risk. Sustainable development
requires an understanding of solvent properties, which is why numerous solvents have been
ranked according to their environmental, safety, and health (ESH) attributes. The ACS Green
Chemistry Institute Pharmaceutical Roundtable (GCI-PR) and Innovative Medicines Initiative
(IMI)-CHEM are two specialty groups, and pharmaceutical companies like GSK, AstraZeneca,
Pfizer, and Sanofi publish the majority of solvent selection guides, which are based on these

rankings.
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1.3. Green Solvents in Sustainable Organic Synthesis

Green solvents address significant environmental, monetary, and safety issues, which
impacts feasible organic synthesis. Contrasted with ordinary organic solvents, these solvents
are expected to be less harming to the climate. They every now and again have
characteristics like biodegradability, non-poisonousness, and decreased instability. Along
these lines, utilizing them definitely brings down how much poisonous toxins delivered and
the carbon impression of organic synthesis processes. Green solvents likewise decrease the
development of unsafe waste, making waste disposal simpler and empowering eco-
accommodating way of behaving. By decreasing openness to unsafe and burnable materials,
they further develop specialist safety in labs by encouraging a more secure workplace.
Green solvents can likewise build the selectivity and yield of wanted items while further
developing the energy economy of cycles. They oftentimes take into account milder
temperatures and lower energy utilization. Besides, they are vital for manageable organic
synthesis as a result of their interoperability with other green innovations and their capacity
to help bio renewable feed stocks. Green solvents, taken overall, give an exhaustive
technique to working on the sustainability of organic synthesis, aligning green chemistry,
and preparing for an all the more environmentally more amicable and greener synthetic

creation industry later on.

2. LITERATURE REVIEW

Juminaet al. (2020)present C-Arylcalixpyrogallolarene Sulfonic Acid, a unique and effective
organocatalyst material for the synthesis of biodiesel. The study's importance in the field of
green chemistry is highlighted by its publication in the Bulletin of the Chemical Society of
Japan. The goal of the project is to create a sustainable catalytic system for the production
of biodiesel while taking into account the requirement for renewable energy sources and
environmental considerations. Since organocatalysts offer an alternative to conventional
homogeneous and heterogeneous catalysts, which may have negative environmental
effects, their application in the biodiesel manufacturing process is particularly intriguing.
This study presents a promising catalyst for the manufacture of biodiesel, contributing to

the expanding body of knowledge on green and sustainable chemistry.
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Kaur G. (2018)examines current developments in environmentally friendly and sustainable
chemistry, emphasising the value of trash and reconsidering plastic use in the context of a
circular economy. This review offers insightful information about how sustainable chemistry
is developing, with a growing focus on waste reduction and circularity. Plastics' enduring
presence in the environment has made them a major worldwide concern. Reducing their
environmental impact requires the circular economy approach. Kaur emphasises that
sustainable chemistry is essential for generating creative solutions to address plastic waste
and advance environmentally friendly products and procedures.

Kozlov et al. (2019)their work on a tunable, precious metal-free method for the selective
oxidative esterification of biobased 5-(hydroxymethyl) furfural, they have made a significant
contribution to the field of green chemistry. The necessity for sustainable methods to
transform feedstocks obtained from biomass into compounds with added value is addressed
in this article, which was published in Green Chemistry. This work provides a viable
substitute for the sometimes problematic and environmentally damaging usage of precious
metals as catalysts. This work highlights the role of green chemistry in advancing
environmentally friendly and sustainable chemical processes by creating a customizable and
effective catalytic system for the synthesis of esters from renewable feedstocks.

Contente's (2019)study on a novel method for the flow-based enzymatic synthesis of
melatonin and other beneficial tryptamine derivatives was published in Green Chemistry in
2019. This study provides a novel, extremely effective, and environmentally friendly method
for producing bioactive chemicals, which is a perfect example of the concepts of green
chemistry. Enzymatic catalysis is an amazing advancement in the field of green synthesis
because it drastically cuts the reaction time to just five minutes when used in flow reactors.
This work demonstrates the potential of green chemistry to address the environmental and
economic aspects of chemical manufacturing by reducing waste creation and increasing
reaction selectivity.

Pacheco-Fernandez and Pino (2019)investigate the application of green solvents in
analytical chemistry. The writers stress the growing significance of environmentally friendly
procedures in analytical techniques and the critical part solvent selection plays in minimising
the environmental effect of chemical analysis. Analytical chemistry can reduce its

environmental impact, increase worker safety, and better conform to general green
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chemistry principles by using green solvents. This analysis highlights the necessity of
switching from traditional, frequently toxic solvents to more environmentally friendly
alternatives while offering a useful summary of the features and advantages of green

solvents in analytical applications.

3. CONCEPT OF GREEN CHEMISTRY

Anastas first presented the idea of "green chemistry" in a 1991 programme run by the US
Environmental Protection Agency (EPA). Green chemistry offers a fresh approach to the
synthesis and use of chemicals without generating any pollution or waste. The 12 principles
of "green chemistry" are centred around using non-toxic solvents, biocatalysts, raw
materials derived from renewable resources, and protecting the environment from
pollution. Global warming and pollution are now major issues in our day-to-day lives. The
amount of pollution rises significantly with the number of industries.

Additionally, the importance of green chemistry increased as environmental concerns grew.
These days, the chemical industry is interested in eco-friendly, highly cost-effective, and
simple-to-implement procedures. Utilising recoverable solvents, such as methanol, acetone,

and water, is crucial for green chemistry and is referred to as using "green solvents."
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Figure 1: Aspects of green chemistry

3.1. Principles of Green Chemistry

By developing a new chemical process, green chemistry seeks to protect our environment
and health while also getting rid of the poisonous and hazardous waste that is created at the
start of a chemical process. Researchers can use the following twelve green chemistry

principles as a guide for implementing green chemistry.
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Figure 2:Principles of green chemistry

i. Prevention:

It is crucial for chemists to follow the proper procedures when doing organic synthesis in
order to avoid producing poisonous or hazardous waste. We reduce the risks associated
with the storage, transportation, and treatment of waste by avoiding the production of
harmful compounds.

ii. Atom economy:

BaryTrost of Stanford University introduces the idea of green chemistry to determine the
effectiveness of organic reactions or chemical transportation. The proportion of the all out
mass of particles in the ideal item to the all out mass of iotas in the reactant is known as

"green chemistry."

MoleWeight of desired product X 100%
MoleWeight of all reactant

Percent atom economy =

The synthetic change is arranged so it utilizes every one of the parts required in the
response to change over into the eventual outcome, bringing about scarcely any
squandered iotas, to limit the risky or harmful material.

iii. Design less hazardous chemical synthesis:

Manufactured methods for organic change ought to be made to utilize and deliver materials
with negligible or no harmfulness to the climate and human health. There are several
reagent options available for a given transformation. This approach is primarily concerned
with choosing reagents that present the least amount of danger and produce only beneficial

consequences.
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iv. Design safer chemicals and products:

The invention of safer chemicals is generally necessary because of their toxicity. There is a
relationship between the presence of functional groups in chemical structures and the
presence of harmful consequences. It is possible to design new items that are both highly
effective for their intended use and intrinsically safer.

v. Use of safer solvents /auxiliaries:

Utilization of safe solvents, like water or supercritical carbon dioxide, ought to be thought
about to forestall the creation of dangerous or harmful material. While it is frequently
possible to reduce or eliminate solvents, less harmful solvents should occasionally be used
when solvents are required.

Table 1:A list of a few substitute solvents

Solvents Adverse effects Replacing solvents
N,N-dimethyl formamide Toxicity Acetonitrile
Benzene Carcinogenic Toluene

Hexane Toxicity Heptane

Pyridine Carcinogenic Triethylamine
n-pentane Low flashpoint n-heptane

vi. Design for energy efficiency:

Energy is needed for some chemical processes to complete, which has an impact on the
environment. For reasons related to the environment or the economy, chemical processes'
energy consumption should be kept to a minimum. The synthesis methods should be done
at room temperature and tension, if at all possible.

vii. Use of renewable feedstock:

At the point when possible, the compound change ought to be wanted to utilize sustainable

feedstocks and natural substances.
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viii. Reduce derivatives:

The utilization of protection or de-protection, a transitory change of a physical or synthetic
cycle that requires additional reagents and produces dangerous waste, is a frequently
employed strategy in organic synthesis. Therefore, it is best to minimise or avoid such
needless derivatization.

ix. Catalysis:

Stichiometric reagent is inferior to catalytic reagent. By lowering the temperature, they
improve the reaction's selectivity and the degree of conversion to products.

X. Design for degradation:

Chemical products ought to be made in such a way that, after serving their purpose, they
decompose into degradation products and disappear from the environment.

xi. Real time analysis for pollution prevention:

It's crucial to always keep an eye on the reaction's development in order to determine when
it's finished or to spot any undesirable byproducts being produced. It is important to create
techniques and technologies that will prevent or reduce the production of hazardous waste.

xii. Minimize the potential for accidents:

Specific choice of reagents and solvents is important to diminish the gamble of synthetic
mishaps, like flames and blasts. By changing the regents' composition or form, these
unintentional dangers can be decreased.

3.2. Applications of Green Chemistry

Below are some typical preparation examples along with an explanation of how they could
be made safer and more ecologically friendly.

i.  Preparation of 2-cyano, 3-phenyl, acrylic acid ethyl ester

Conventional method:

Toluene, a non-green solvent, is used; piperidine is hazardous and not environmentally

friendly.KSF is a renewable solid acid catalyst.
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CH2-OH COOEt
COOEt =
+ piperidine
cN toulene N

Greener approach:

CH2-OH COOEt
COOEt N
. < KSF
——
H20 -

ii.  Nitration of phenol

Conventional method:

Sulfuric acid is a non-green component that is employed.

HO H
NaN(O2 N
H2504
02 NOs

Greener approach:

After adding salicylic acid and dissolving calcium nitrate in warm acetic acid, the liquid is

heated and emptied with ice cold water.

COOH
(CaMNO3)2
acetic acid
MNO2
iii. Bromination of acetanilide
Conventional method:
NMHCOW CHS3
MNHCOCHS=

Br2
glacial acehic acid

Greener approach:

Subsequent to dissolving acetanilide in ethanol, potassium bromide and cerric ammonium
nitrate arrangement are added dropwise and passed on to mix at room temperature for ten

minutes. After adding the solution to the water, the crystals are filtered.
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NHCOCH3 NHCOCH3

cerric ammo. nitrate
KBr,H20 Ethanol

iv.  Preparation of benzilic acid

Conventional method:

Benzilic acid is produced when benzyl reacts with KOH and ethanol.

(o]
OH
KOH OH
————————————————
0 ethanol 0

Greener approach:

In a dry conical flask, benzil and solid KOH are ground into a powder and heated for 20
minutes over a water bath. It was then brought to room temperature, broke up at all

measure of water, and fermented.

4. GREEN SOLVENTS

Many synthetic processes involve organic solvents, which pose a serious environmental risk.
Since unstable organic solvents are used in a lot higher extents than the actual reagents,
they are delivered into the climate either by vanishing or stream in huge numbers. Playing
out the substance responses without the utilization of such media, that is to say, without
the utilization of solvents or with the utilization of non-unstable solvents that are ok for the
climate and individuals, is a clever method for handling this issue.The perfect "green"
solvent should dissolve a wide range of organic molecules, be inexpensive, naturally
recyclable, and have a high boiling point. These restrictions undoubtedly severely restrict
the kind of material or class of compound that can be used as a green solvent. Research
groups worldwide have made significant progress in developing viable substitutes for the
widely used organic solvents.

Fluorous liquids has unique characteristics such as high density, great stability (mostly

because of the C-F bond's stability), restricted dissolving skill, and very low dissolvability in
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organic solvents and water, despite the fact that being miscible with the last option at
higher temperatures. The low surface pressure, frail intermolecular cooperations, high
densities, and low dielectric constants of the perfluorinated liquids can be generally used to

make sense of their low solvency.
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Figure 3:Diagram showing organic synthesis processes in fluorous solvents.

Life's foundation and carrier is water. Water has been attempting to set up the earth for the
development of life for a long period of time. Various organic (and inorganic) natural
responses happen in water as the solvent. All of these responses affects natural frameworks
and has undeniably occurred in a watery medium. Nonetheless, the advancement of
contemporary organic chemistry has been to a great extent predicated on the way that
organic responses should habitually be directed in organic solvents. It has just been over the
most recent twenty years or with the goal that there has been a recharged center in
directing organic cycles in water.

Using water as a green solvent in chemical reactions has a number of potential benefits:
¢+ Cost:Since water is the least expensive solvent on the planet, employing it as a
solvent can reduce the cost of numerous chemical operations.

+»+ Safety:Numerous organic solvents are carcinogenic, mutagenic, explosive, and/or
flammable. Conversely, water lacks all of these undesirable characteristics.

+ Synthetic efficiency:It might be possible to avoid several synthetic stages in many
organic syntheses by doing away with the requirement for functional group
protection and deprotection. It is possible to employ directly water-soluble
substrates, which is particularly helpful in the chemistry of proteins and

carbohydrates.
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+» Simple operation:Simple phase separation can be used to isolate organic
compounds in big industrial processes. Since water has one of the greatest intensity
limits, everything being equal,controlling the reaction temperature is also made

easier.

X/
°e

Environmental benefits:Because water is easily regenerated and safe to release into
the environment (as long as toxic residues are absent), using it could help reduce the
issue of organic solvent pollution.

¢ Possibility of novel synthetic approaches:The utilization of water as a response
medium has gotten definitely less consideration in organic chemistry than responses
in organic solvents. Moreover, there exist numerous prospects for creating

innovative synthetic techniques that have not been identified previously.

In light of its cost, accessibility, safety, and environmental impact, water is most likely the
greenest solvent based on the aforementioned qualities. The disadvantages of utilising
water, however, are that it reacts strongly with some reagents and that a lot of organic
molecules are either barely soluble or insoluble in it. Water is typically only used in
hydrolysis reactions, but research in the early 1980s revealed that it also possesses other
peculiar qualities that might produce unexpected outcomes. Co-solvents and surfactants
function by breaking up the strong hydrogen bonding in pure water, which increases the
solubility of non-polar chemicals.

Scheme 1:Synthesis using green chemistry techniques that require less time.

iy R
R NC
Br r
Zn(CN)2 Pd(PPha)s COOH
COOH Lk - -
N DMEF N
R.
R: )
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100% yield

Scheme 3:Green chemistry is a method of synthesis that minimises by-products and

maximises useful products.
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5. CONCLUSION

The field of green chemistry is not a recent one. A clever philosophical viewpoint can
possibly essentially propel chemistry, the compound business, and environmental
protection through the presentation and utilization of its thoughts. Nowadays, pollution is a
major issue that affects both the environment and people's health. Based on twelve guiding
principles, the idea of "green chemistry" aims to lessen the amount of toxic compounds that
are created throughout various synthetic chemical processes. While it is impossible to apply
all 12 principles at once, some are attempted to be used at specific stages of reactions. The
preservation of economic equilibrium and the defence of the environment against chemical
risks are the two fundamental objectives of green chemistry. Green chemistry principles
allow us to alter or modify traditional, non-eco-friendly procedures.

Green chemistry will remain appealing and useful in the ensuing decades. It is anticipated

that this method will address a number of ecological issues. Adoption of waste-free and
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environmentally less impactful technologies at the industrial scale is not assured by their
development during experimental stages. More flexible laws, new initiatives to speed up
technology transfer between government and academia, and, last but not least, tax breaks
for businesses using cleaner technologies in industry can all help to ensure the adoption of
such technologies in the workplace.
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