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Introduction: -

Background of the study

When it comes to solving global issues like resource conservation and ecological sustainability, chemistry is the important
factor . Traditional methods of chemical synthesis frequently employ dangerous chemicals, produce large amounts of
waste, and use a lot of energy, all of which contribute to pollution and the depletion of natural resources. The idea of
sustainable chemistry has arisen as a guiding principle in response to these worries, seeking to design and develop
chemical processes that maximize efficiency while minimizing environmental effect. (1)

Sustainable chemistry is “centered on the creation of techniques and technologies that lessen the environmental impact
of chemical manufacturing, and green synthesis and process design are essential elements of this”. These methods
prioritize using energy-efficient procedures, getting rid of or replacing harmful chemicals, and using renewable
feedstocks. Achieving a circular economy and reducing climate change are the key aims that are aligned with the goal of
building a more environmentally friendly and sustainable chemical sector.

The field of sustainable chemistry has seen a surge in research and innovation in recent years due to the growing urgency
of tackling environmental concerns. Academics, industry, and the scientific community worldwide have realized that
switching from traditional methods to more environmentally friendly ones is imperative. In addition to investigating
novel, environmentally friendly synthesis techniques, this paradigm shift entails optimizing current procedures by using
cutting-edge materials and technologies. (2)

Obijectives

1. To provide the thorough knowledge on green synthesis and sustainability by analyzing the existing literature and
reviews

2. To conduct proper study on innovations in green synthesis and examining / finding the appropriate methodologies in
it. And also to explore/explain the principles and advancements in sustainable chemistry.

3. To ensure that the innovations in green synthesis and chemistry consider all the societal needs.

1.1 Principles of Green chemistry

"Green chemistry" can be described as the creation of chemical processes and products that do not negatively impact the
environment, thereby avoiding the accumulation of pollutants.

Chemical subsatances ought to have designed to break down into components that are safe for the environment and to
ensure that they do not wind up in the environment after their intended use. (3)

Green chemistry, often referred to as environmentally safe and sustainable chemistry, is the production and use of
chemical products and procedures that minimize or completely do away with the need for and production of dangerous
materials.

The renewables revolution is being propelled by Green Chemistry, which is paving the path for the replacement of fossil
fuel feedstocks and a more circular economy approach to resource usage. We now need to add a stage that returns the
resources from the wasted piece to usable manufacturing because the three basic phases of the product lifecycle are no
longer sufficient.(4)

The creation of green chemical pathways has greatly benefited from the recycling and reuse of catalytic systems in
addition to greener synthesis. The main objectives of principles in the green chemistry are to achieve the necessary
chemical transformations with the least amount of waste or by products, unusually effective reaction conditions and
environmentally friendly reaction media are used; organic solvents(volatile )are avoided whenever feasible.

The Certain principles in Green chemistry indicates that preventing pollution should be studied at the molecular level,
as a result, reducing pollution sources was stressed across a chemical's whole life cycle. (4) The US Pollution Prevention
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Act of the 1990s served as the inspiration for the ideas behind green chemistry. According to the definition provided by
this Act, Principles of green chemistry says that any practice that could stop the discharge of hazardous chemicals into
the environment and have an impact on public health.

Overall twelve principles of green chemistry explains that — 1. Wastage reduction which describes that avoiding waste
production is preferable rather than cleaning it. The atom economy ( regarding synthesis), Use/Production of harmless
chemicals, And also the fourth principle clearly dictates that the less toxic /hazardous chemicals should be designed with
finite amount of toxicity, (5) Should design the chemical pathways/methods that should not produce any toxic or less
amount of negative effects to the environment. Sixth principle declares that Feedstocks that are renewable are most
beneficial in case of financial and toxic reduction. The process should devoid from derivatives which produces extra
waste and needs extra energy/reagents. The catalytic agents are superior which are most selective than stoichiometric
agents . One of the important one is Tenth principle that clarifies about degradation process of chemicals and chemical
Products.The next principle talks about the technical analysis od real time process that controls the releasing of hazardous
materials or chemicals into environment. And the last principle explains about the safer chemistry. (6)

2. Innovations in Green synthesis:-
Green synthesis is the process of development of methods and carrying out the organic synthesis that are economical and
environment friendly

2.1.Recent advancements in green synthesis techniques :-

Though there are traditional methods are in use till today, several advancements are also developed like microwave
assisted synthesis, renewable feed stocks, photocatylasis, orgnic synthesis that are solvent free simply, solvent-free
synthesis

2.1.1. Microwave and ultrasonic assisted synthesis:- The thermal methods which are traditional are tedious process
and also requires huge amount of energy which involves longer chain reactions and also Synthesizing organically or
organic synthesis is the method of earlier times, current times are about the carrying out any sustainable chemical
reactions to protect environment from hazardous effects. Microwave method of irradiation has recently been regarded as
a potent method in synthesizing organically for the creation of chemical or therapeutically useful molecules.(8) Apart
from this this emerging technology provide additional advantage by devoid from producing or involving by-products
which are dangerous to environment. Microwave technology has been adopted in industries, educational purpose
worldwidely due to noteworthy developments and far better advancements from conventional methods.

And another process in producing that carryout sustainable chemical reactions is Ultrasonic irradiation is a very appealing
and advantageous strategy for the synthesis of bioactive heterocycles, unlike microwaves, because of its low energy
requirements, fast reaction rate, shorter reaction time, higher reactivity and selectivity, and high purity of products .

use of ultrasonic radiation to initiate chemical reactions—a technique known as sonochemistry—has aided in the creation
of certain procedures that are thought to be safe for the environment. (9) When synthetic processes are triggered by
ultrasonic waves, the end products are typically cleaner, with faster reaction times and higher yields and selectivities. In
process of ultrasonics a liquid, ultrasonic vibrations with frequencies higher than twenty megahertz have the ability to
break the bonds between molecules and create reactive oxygen species, which can then trigger a cascade of chemical
reactions. Reduction-oxidation processes take place in water as a solvent, where hydrogen and hydroxyl reactive spieces
are produced (10)

2.1.2. Use of renewable feed stocks :- The widespread consumption of petroleum and other fossil fuels has increased the
release of greenhouse gases. As a result, there is a need to develop renewable resources like biomass as an energy source
and as a feedstock for the chemical industry. In the industrial field, renewable feedstocks are materials that are easily
generated and do not considerably degrade. A perfect feedstock is one that is safe for the environment and people to use,
and it is renewable. Just a few processes are needed to transform an excellent feedstock into the required result. Oil, gas,
and coal are examples of fossil fuels that will eventually be gradually replaced by renewable feedstocks as both fuel and
raw materials for the chemical industry.(11) Certain examples of renewable feed stocks are manure an agricultural
wastage, fossil fuels, among biomass the water biomass is current developing method and other examples are algae, corn.
For the organic chemicals sector, biomass is the most likely substitute for petroleum as a feedstock. Oxidizing petroleum
doesn't always require costly and challenging oxidation stages when using partially oxidized biomass feedstock.
Algae/microalgae are sustainable sources of raw materials for chemicals and biofuels. Owing to their high oil content and
eco-friendly characteristics, they are being viewed more and more as a potential response to climate change. Bio fuels
may be produced from sugars originating from renewable feedstocks like corn, sugarcane, or lignin by two different
processes like converting Sugars directly to chemicals and The water-based Phase Reforming (12)

2.1.3. Solvent free synthesis :- An environmentally friendly and alternative synthetic technique for producing a variety
of bioactive compound is the solvent-free approach.The use of solvents is often the main component of synthetic protocol
and contributes significantly to waste, so eliminating them is an obvious way to achieve more sustainable processes. This
approach additionally reduces the use of chemical aids while concurrently decreasing the production of waste. Solvent-
free synthesis is becoming more and more popular as a method for creating a wide range of vital and useful chemicals,
(13) since more and more reactions are being carried out under these circumstances and also Solvent-free thermo synthesis
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of organic molecules appears to be a very practical method, particularly for business applications. But not every chemical
reaction can be completed without a solvent like, solvents are require in certain solid phase, organic synthesis when
reactions are explosive. There are several advantages with solvent free synthesis from from reducing wastage production
, pollution to cost minimization while carrying out the process. Examples of solvent free reactions are Conditions devoid
of metal and solvent for the acylation process catalyzed by carbon tetrabromide, The Trans- esterification facilitated by
solid. (14)

3. Process Design for Sustainability :-

one of the main obstacles to the chemical industry's sustainable growth is the design of more sustainable processes.
Turning the theoretical concepts of sustainable development into practical design is a difficult endeavor that will take
some time to complete.

A primary concern for the manufacturing sector is sustainable product development, or SPD, and designers have made it
a goal to create more sustainable goods. Chemical process designs that are not only technically and economically feasible
but also environmentally beneficial are a problem faced by engineers in light of the world's sustainable future.(15)

In such cases life cycle assessment and process intensification are best tools in process designing.

3.1.1. Life cycle assessments (LCA’s) :- Essentially built on the concepts of mass and energy balances, life cycle
assessment (LCA) is a quantifiable ecological performance tool that is used to evaluate a whole economic system as
opposed to just a single activity. When it comes to environmental management, one of the primary applications of life
cycle assessment (LCA) is the identification of possibilities for system environmental improvements that take into account
whole supply chains.(16)

A product, process, or service's possible environmental effect may be evaluated throughout the course of its whole life
cycle—from raw material extraction and processing to production, transportation, usage, and disposal—using the broadly
used and validated life cycle assessment (LCA) technique. (18) Based on in-depth understandings of the relationships
between compound selection, process parameters, and the ensuing environmental effects, the application of Life Cycle
Assessment and related techniques in green chemical manufacture and synthesis design strongly encourages the
advancement of greener concepts.

A technique for determining and measuring the environmental effects of a chemical product and/or its manufacturing
process is life cycle assessment, or LCA. It may be used to assess the design of any new or existing chemical-biochemical
process and to provide choices for improvement in order to determine which design is optimal among several options. It
can be used in conjunction with process simulation and economic analysis tools. (20)

3.1.2. Process Intensification :- In the realm of academic research and industry development, process intensification (PI)
has gained increasing traction and significance in the execution and optimization of chemical processes. By lowering the
volume of dangerous chemicals in significant amounts in a compact device, the process intensification technique also
significantly increases process safety. A batch process may be transformed into a continuous process by using the process
intensification (PI) technique, particularly in the case of exothermic reactions where a significant quantity of heat can be
continually removed during the process. (21)

Process intensification, or PI, replaces conventional unit activities with new, typically extremely compact designs in an
effort to dramatically reduce plant volume—ideally by a factor of 110 to 1100. This is sometimes achieved by integrating
two or more traditional processes into a single hybridized unit. Pl includes several aspects of sustainability, such as cutting
back on energy and material use, minimizing waste production, and devoid of using more amount of energy. Green
engineering might lead to increasingly cost-effective and ecologically secure processes in the process sector.(22)

3.2. Challenges in the Sustainable Process design :—

Though there are multiple advantages in the process designing in sustainable chemistry there are cut edge points or certain
challenges are there in the applications of designs in the life cycle assessment process the use a simplified model to
evaluate the real world, they rely on assumptions and scenarios. Additionally, doing an LCA research requires a lot of
resources, mostly because it requires a lot of data. Inadequate data collection or insufficient data availability will prevent
the study from producing reliable . The two main obstacles to process intensification are inadequate facilities and a lack
of in-depth understanding. (23)
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