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Abstract:
Green chemistry for chemical synthesis addresses our future challenges in working 

with chemical processes and products by inventing novel reactions that can maximize the 
desired products and minimize by
seeking greener solvents and environmentally benign. The emerging area of Green 
chemistry is a need in the design and attainment of sustainable development. Green 
chemistry is the utilization of a set of principles that will help reduce the use and 
generation of hazardous substances during the manufacture and application of chemical 
products. In this review, a brief 
some industrial applications are discussed.
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Introduction:

Sustainable and green chemistry 
thinking about how chemistry and chemical engineering can be done. Over the years
different principles have been proposed that can be used when thinking about the 
design, development and implementation of ch
principles enable scientists and engineers to protect and benefit the economy, people 
and the planet by finding creative and innovative ways to reduce waste, conserve 
energy, and discover replacements for hazardous subs
the scope of these of green chemistry and engineering principles go
over hazards from chemical toxicity and include
and life cycle considerations such as the use o
stocks and designing for end of life or the final disposition of the product.
chemistry can also be defined through the use of metrics. While a unifi
has not been established, many ways to quantify greener processes and products have 
been proposed. This metrics include
reduction or elimination, and life cycle environmental impacts.
The Idea of Green Chemistry:

The concept of green chemistry has appeared in the Unit
research program resulting from interdisciplinary cooperation of university teams, 
independent research groups, industry, scientific societies and governmental agencies, 
which each has their own programs devoted to decreasing pollution. Green chemistry 
incorporates a new approach to the synthesis, processing and application of chemical 
substances in such a manner as to reduce threats to health 
new approach is also known as: 

 Environmentally benign chemistry
 Clean chemistry
 Atom economy
 Benign
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Green chemistry for chemical synthesis addresses our future challenges in working 
with chemical processes and products by inventing novel reactions that can maximize the 

products and minimize by-products, designing new synthetic schemes that are 
seeking greener solvents and environmentally benign. The emerging area of Green 

need in the design and attainment of sustainable development. Green 
chemistry is the utilization of a set of principles that will help reduce the use and 
generation of hazardous substances during the manufacture and application of chemical 

a brief description on Green chemistry and its developments and 
some industrial applications are discussed.

Chemistry, Synthesis, Clean Chemistry, Atom 

Sustainable and green chemistry in very simple terms is just a different way of 
thinking about how chemistry and chemical engineering can be done. Over the years
different principles have been proposed that can be used when thinking about the 
design, development and implementation of chemical products and processes. These 
principles enable scientists and engineers to protect and benefit the economy, people 
and the planet by finding creative and innovative ways to reduce waste, conserve 
energy, and discover replacements for hazardous substances. It’s important to note that 
the scope of these of green chemistry and engineering principles goes beyond concerns 
over hazards from chemical toxicity and includes energy conservation, waste reduction, 

such as the use of more sustainable or renewable 
and designing for end of life or the final disposition of the product.

chemistry can also be defined through the use of metrics. While a unified set of metrics 
established, many ways to quantify greener processes and products have 

metrics includes ones for mass, energy, hazardous substance 
reduction or elimination, and life cycle environmental impacts.

:
of green chemistry has appeared in the United States as a common 

program resulting from interdisciplinary cooperation of university teams, 
independent research groups, industry, scientific societies and governmental agencies, 

own programs devoted to decreasing pollution. Green chemistry 
incorporates a new approach to the synthesis, processing and application of chemical 

as to reduce threats to health and the environment. This 
own as: 
Environmentally benign chemistry
Clean chemistry
Atom economy
Benign-by-design chemistry
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Green chemistry for chemical synthesis addresses our future challenges in working 
with chemical processes and products by inventing novel reactions that can maximize the 

synthetic schemes that are 
seeking greener solvents and environmentally benign. The emerging area of Green 

need in the design and attainment of sustainable development. Green 
chemistry is the utilization of a set of principles that will help reduce the use and 
generation of hazardous substances during the manufacture and application of chemical 

developments and 

tom Economy &

in very simple terms is just a different way of 
thinking about how chemistry and chemical engineering can be done. Over the years,
different principles have been proposed that can be used when thinking about the 

emical products and processes. These 
principles enable scientists and engineers to protect and benefit the economy, people 
and the planet by finding creative and innovative ways to reduce waste, conserve 

It’s important to note that 
beyond concerns 

energy conservation, waste reduction, 
f more sustainable or renewable feed 

and designing for end of life or the final disposition of the product. Green 
ed set of metrics 

established, many ways to quantify greener processes and products have 
mass, energy, hazardous substance 

ed States as a common 
program resulting from interdisciplinary cooperation of university teams, 

independent research groups, industry, scientific societies and governmental agencies, 
own programs devoted to decreasing pollution. Green chemistry 

incorporates a new approach to the synthesis, processing and application of chemical 
and the environment. This 
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Principles of Green Chemistry:
 Prevention
 Atom Economy
 Less hazardous chemical syntheses
 Designing safer chemicals syntheses
 Safer solvents and auxiliaries
 Design for energy efficiency
 Use of renewable feedstocks
 Reduce derivatives
 Catalysis
 Design for degradation
 Real –time analysis for pollution prevention
 Inherently safer chemistry  for accident prevention

Prevention: It is better to prevent waste than to treat or clean up waste after it has been 
created. An often-used measure of waste is the E-factor, described by Roger Sheldon, 
which relates the weight of waste coproduced to the weight of the desired product. More 
recently, the ACS Green Chemistry Institute Pharmaceutical Roundtable (ACS - GCIPR) 
has favoured process mass intensity, which expresses a ratio of the weights of all 
materials (water, organic solvents, raw materials, reagents, process aids) used to the 
weight of the active drug ingredient (API) produced. This is an important roundtable 
focus because of the historically large amount of waste coproduced during drug 
manufacturing—more than 100 kilos per kilo of API in many cases. However, when 
companies apply green chemistry principles to the design of the API process, dramatic 
reductions in waste are often achieved, sometimes as much as ten-fold. So, it is important 
to extend the impressive results achieved by the ACS GCIPR to all parts of the drug 
industry, especially the biopharma and generic sectors, as well as to other sectors of the 
chemical enterprise where synthetic chemistry is used to produce their products.
Atom-Economy: Synthetic methods should be designed to maximize the incorporation 
of all materials used in the process into the final product. The second principle of green 
chemistry can be simply stated as the “atom economy” of a reaction. Atom economy, 
which was developed by Barry Trost1, asks the question “what atoms of the reactants are 
incorporated into the final desired product(s) and what atoms are wasted?”Traditionally, 
the efficiency of a reaction has been measured by calculating the percent yield. Let us 
assume that the following substitution reaction gives 100% yield. While this is admirable, 
we can shed more light on the efficiency of a reaction by calculating the “percent atom 
economy” as follows:

% Atom Economy = (FW of atoms utilized/FW of all reactants) X 100
                           = (137/275) X 100 = 50%

The percent atom economy is simply the formula weight of the desired product(s) 
(compound 4, 137 g/mol) divided by the sum of the formula weights of all the reactants 
(275 g/mol), which gives 50% in this case. Simply put, even if our percent yield is 100%, 
only half the mass of the reactants atoms are incorporated in the desired product while 
the other half is wasted in unwanted by-products. Imagine telling your mom you baked 
a cake and threw away half the ingredients! Thus chemists must not only strive to 
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achieve maximum percent yield, but also design syntheses that maximize the 
incorporation of the atoms of the reactants into the desired product.
Less Hazardous Chemical Syntheses: Wherever practicable, synthetic methods should 
be designed to use and generate substances that possess little or no toxicity to human 
health and the environment. This is a two-part principle divided by the first two words, 
“wherever practicable.” Saying those two words implies that it may not be practical or 
possible to avoid using substances that are toxic, and this is, if you will, the get out of jail 
card most chemists use to try to avoid applying this principle to their work. Let’s face it; 
chemists use toxic substances all the time because reactive chemicals afford reactions 
that are kinetically and thermodynamically favourable. And unless—and until—
replacement chemicals along with new synthetic protocols are developed, inherently 
toxic materials will continue to be used. But it’s easier to say that it isn’t practicable and 
dispense with any thought about the chemical choices that are made. It’s not that 
adhering to this principle is particularly difficult to do; it’s more that chemists are 
disinterested in doing it. For the synthetic organic chemist, effecting a successful 
chemical transformation in a new way or with a new molecule or in a new order is what 
matters. I have heard such arguments, as “all the other stuff in the flask is just there to 
make the transformation possible so it really doesn’t matter,” or “you have to be realistic 
and focus on the science.” Saying these things implies that the only science that matters is 
activating a carbon atom to functionalize it, or adding a ligand to a catalyst, etc., etc. This 
principle is asking chemists to broaden their definition of what constitutes good science.
What many have shown over and over again is that toxicity and the attendant hazard 
and risk associated with a chemical reaction is directly related to all the other “stuff” in 
a flask. In fact, the chemistry or chemical transformation in a synthesis generally 
impacts the overall toxicity profile (and most other measures of sustainability and 
green) of a product or process the least, except in those cases where we deliberately are 
producing a molecule that is toxic or biologically active by design. That is certainly the 
case for many molecules that are synthesized as in the pharmaceutical or agriculture 
chemical business—the molecules are toxic and/or have other effects on living 
organisms by design.

The chemicals and materials used in effecting chemical transformations matter 
and chemists need to pay more attention to the choices they make about what goes into 
the flask. It’s easy to discount all the other “stuff” and focus all our energy on the 
synthetic pathway that delivers the desired product. But when we ignore all the other 
“stuff,” we pay a high price and it’s a price we need to stop paying. Occasionally, 
chemists do produce molecules that have toxic or other hazardous effects, and the next 
principle will have something to say about designing safer chemical.
Designing Safer Chemicals: Chemical products should be designed to affect their 
desired function while minimizing their toxicity. Minimizing toxicity, while 
simultaneously maintaining function and efficacy, may be one of the most challenging 
aspects of designing safer products and processes. Achieving this goal requires an 
understanding of not only chemistry but also of the principles of toxicology and 
environmental science. Highly reactive chemicals are often used by chemists to 
manufacture products because they are quite valuable in affecting molecular 
transformations. However, they are also more likely to react with unintended biological 
targets, human and ecological, resulting in unwanted adverse effects. Without 
understanding the fundamental structure hazard relationship, even the most skilled 
molecular magician enters the challenge lacking a complete toolkit. Mastering the art and 
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science of toxicology requires innovative approaches to chemical characterization that 
state that hazard is a design flaw and must be addressed at the genesis of molecular 
design. The intrinsic hazard of elements and molecules is a fundamental chemical 
property that must be characterized, evaluated and managed as part of a systems-based 
strategy for chemical design. To develop a comprehensive and cooperative effort 
between toxicologists and chemists focused on training the next generation of scientists 
to design safer chemicals in a truly holistic and trans-disciplinary manner through 
innovative curricular advancements. The field of toxicology is evolving rapidly, 
incorporating and applying the advancements made in molecular biology to reveal the 
mechanisms of toxicity. Elucidation of these pathways serves as the starting point for 
articulating design rules that are required by chemists to guide their choices in a quest to 
make safer chemicals. We are at the dawn of a new sunrise, poised to illuminate the path 
forward to a safer, healthier and more sustainable world.
Safer Solvents and Auxilaries: The use of auxiliary substances (e.g., solvents, separation 
agents, etc.) should be made unnecessary wherever possible and innocuous when used.
Solvents and mass separation agents of all kinds matter a lot to the chemistry not to 
mention the chemical process and the overall "greenness" of the reaction. In many cases, 
reactions wouldn't proceed without solvents and/or mass separation agents. To say that 
they don't matter, or that it's only the chemistry that counts is not just a logical fallacy, 
it's chemically incorrect. Solvents and separation agents provide for mass and energy 
transfer and without this, many reactions will not proceed. It has also been shown that 
solvents account for 50 – 80 percent of the mass in a standard batch chemical operation, 
depending on whether you include water or you don't. Moreover, solvents account for 
about 75% of the cumulative life cycle environmental impacts of a standard batch 
chemical operation.

Solvents and mass separation agents also drive most of the energy consumption 
in a process. Think about it for a moment. Solvents are alternately heated, distilled, 
cooled, pumped, mixed, distilled under vacuum, filtered, etc. And that's before they may 
or may not be recycled. If they're not recycled, they are often incinerated. Solvents are 
also the major contributors to the overall toxicity profile and because of that, compose 
the majority of the materials of concern associated with a process. On average, they 
contribute the greatest concern for process safety issues because they are flammable 
and volatile, or under the right conditions, explosive. They also generally drive workers 
to don personal protective equipment of one kind or another.

We will always need solvents, and with many things in chemical processes, it's a 
matter of impact trading. Optimize a solvent according to one green metric and many 
times, there are three others that don't look so good. The object is to choose solvents 
that make sense chemically, reduce the energy requirements, have the least toxicity, 
have the fewest life cycle environmental impacts and don't have major safety impacts.
Solvents and separation agents do matter and despite one or more famous synthetic 
organic chemists may think. It is possible to make better choices, and that is what 
application of this principle should promote.
Design for Energy Efficiency: Energy requirements of chemical processes should be 
recognized for their environmental and economic impacts and should be minimized. If 
possible, synthetic methods should be conducted at ambient temperature and pressure.
Among synthetic organic chemists, no consideration is given to temperature or pressure. 
The chemist just follows a protocol to get a reaction to go to completion and to separate 
the desired product at as high a yield as possible. Energy, from the chemist’s perspective, 
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is irrelevant and for all intents and purposes, free. Just put the plug on the wall or the 
heating coil around the flask, or get the liquid nitrogen out of the dewar.

For those that do think about energy, most if not all the attention that energy gets 
from chemists is devoted to heating, cooling, separations, electrochemistry, pumping and 
reluctantly, to calculations related to thermodynamics (e.g., Gibbs free energy). The 
attention is not in minimizing or considering where energy comes from, or if it matters 
what form is used, it's just a given that we need to heat or cool or shove electrons into the 
reaction to make or break bonds. In reflecting on my own training as a chemist, I never 
was asked to convert any heating, cooling, pumping or electrochemical requirements to a 
cost for electricity, steam or some other utility. That may be done in chemical 
engineering, but not in chemistry.

Energy is a key issue for the 21st century. A majority of the energy that is 
produced is based, and will continue to be based on fossil fuels. And most of the energy 
that is delivered to the point of use is lost in conversion and transmission. What this 
means is that if you look at the life cycle of energy production, and you look at how 
much energy is actually available for useful work at the point of need, it is less than 1 or 
2% of the energy that was originally available in the fossil fuel. It is also true that most 
fossil fuel energy is used for transportation services of one kind or another and the 
second biggest use is in space heating and cooling. There are a tremendous number of 
opportunities for chemists to change this energy use profile, but it is my experience that 
very few chemists see themselves as being a part of either transportation or the built 
environment.

If you think about where most chemists are trained around energy, and certainly 
chemical engineers are, it's around ∆H in the Gibbs free energy equation. Heats of 
formation, heats of vaporization, enthalpy, exothermic reactions, etc; these are what we 
think about. The interesting thing is that nature largely works with ∆S and weak forces 
of interaction. You don’t see a tree doing photosynthesis at reflux using a solvent, or a 
cell membrane is not extruded at the melt temperature of something like polystyrene
  There is so much more to energy and engaging chemists in thinking about 
energy than asking them to run reactions at ambient temperature and pressure. 
Reactions themselves are rarely where a majority of energy is used; most is used in 
solvent removal to set up for the next reaction, or to remove one solvent and replace it 
with another, or to isolate the desired product, or to remove impurities. Apart from 
hydrogenations or reactions that are oxygen or moisture sensitive, most reactions are 
done at atmospheric pressure. This doesn't mean that energy isn't important, it is just 
important in areas where most chemists are not focused.

Once again, thinking about more than one part of the reaction or the process 
during the design of a new molecule is critical not only from the standpoint of energy, but 
also from many different angles. Energy—like thinking about how to arrange a synthesis 
to have the fewest number of steps, or use the lowest cost starting materials or any other 
aspect of interest to the synthetic or process chemist—is just another design parameter. 
Historically, it has not been seen as that, but we can no longer afford to design new 
molecules in the absence of a detailed and extended consideration of how energy will be 
used.
Use of Renewable Feed Stocks: A raw material or feedstock should be renewable rather 
than depleting whenever technically and economically practicable. The concept of making 
all our future fuels, chemicals and materials from feed stocks that never deplete is an 
interesting concept which at first glance seems impracticable. Mankind currently 
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removes fossil fuels, coal, oil and natural gas from the ground and extracts minerals for 
profit until they are exhausted. In particular, our fossil fuels for carbon-based chemicals 
and materials are being rapidly depleted in a predictable manner with the expected rise 
of global populations and expanding energy intensive economies on several continents. 
The impacts on human health and the environment are significant and present major 
challenges for our scientists and leaders in the next 50 years.

We will get our feedstock, as if by magic, from “thin air” and it will be renewable. 
The carbon in the air is in the form of carbon dioxide CO2 and methane CH4 and is 
removed by photosynthetic processes powered by the sun to form plants, trees, crops, 
algae, etc., which collectively we call “biomass”.

Nature produces about 170 billion tons of plant biomass annually, of which we 
currently use about 3.5 % for human needs. It is estimated that about 40 billion tons of 
biomass, or about 25 % of the annual production, would be required to completely 
generate a bio-based economy. The technical challenge in the use of such renewable 
feed stocks is to develop low energy, non-toxic pathways to convert the biomass to 
useful chemicals in a manner that does not generate more carbon than is being removed 
from “thin air”; the difference between C(in) from the air, and C(out) from the energy 
used, is the carbon footprint ΔC. Ideally, when using Principal #7, all carbon footprints 
by design should be positive such that C(in) >> C(out). This leads in a natural way to the 
reduction of global warming gasses impacting our current climate change. We should 
also insure that the new chemicals and materials derived from renewable resources are 
non-toxic or injurious to human health and the biosphere.

In the past 10 years, significant advances have been made in the development of 
fuels, chemicals and materials from renewable feed stocks. These for example, have 
included biodiesel from plant oils and algae, bioethanol and butanol from sugars and 
lignocellulose, plastics, foams and thermosets from lignin and plant oils, and even 
electronic materials from chicken feathers. In terms of Green Chemistry Principal #7, 
our future is bright and laced with optimism due to the ongoing fruitful collaborations 
between several disciplines involving biotechnology, agronomy, toxicology, physics, 
engineering and others, where new fuels, chemicals and materials are being derived 
from renewable feedstock from “thin air” with minimal impact on human health and the 
environment.
Reduce Derivatives: Unnecessary derivatization (use of blocking groups, protection/ 
deprotection, temporary modification of physical/chemical processes) should be 
minimized or avoided if possible, because such steps require additional reagents and can 
generate waste. One of the key principles of green chemistry is to reduce the use of 
derivatives and protecting groups in the synthesis of target molecules. One of the best 
ways of doing this is the use of enzymes. Enzymes are so specific that they can often react 
with one site of the molecule and leave the rest of the molecule alone and hence 
protecting groups are often not required. A great example of the use of enzymes to avoid 
protecting groups and clean up processes is the industrial synthesis of semi-synthetic 
antibiotics such as ampicillin and amoxicillin.

In the first industrial synthesis Penicillin G (R=H) is first protected as its silyl 
ester [R = Si(Me)3] then reacted with phosphorus pentachloride at -40oC to form the 
chlorimidate subsequent hydrolysis gives the desired 6-APA from which semi-synthetic 
penicillins are manufactured.
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This synthesis has been largely replaced by a newer enzymatic process using pen-
acylase. This synthesis occurs in water at just above room temperature. The new 
synthesis has many advantages from a green perspective one of which is that the silyl 
protecting group is not required. More than 10,000 metric tons of 6-APA is made every 
year and much of it by the greener enzymatic process so this is a fantastic example of 
Green Chemistry making a real difference.
Catalysis: Catalytic reagents (as selective as possible) are superior to stoichiometric 
reagents. A primary goal of green chemistry is the minimization or preferably the 
elimination of waste in the manufacture of chemicals and allied products: “prevention is 
better than cure”. This necessitates a paradigm shift in the concept of efficiency in organic 
synthesis, from one that is focused on chemical yield to one that assigns value to 
minimization of waste. What is the cause of waste? The key lies in the concept of atom 
economy: “synthetic methods should be designed to maximize the incorporation of all 
materials used in the process into the final product”. 
Example:

A catalyst is defined as “a substance that changes the velocity of a reaction without 
itself being changed in the process”. It lowers the activation energy of the reaction but in 
so doing it is not consumed. This means that, in principle at least, it can be used in small 
amounts and be recycled indefinitely, that is it doesn’t generate any waste. 

Moreover, molecular hydrogen is also the least expensive reductant and, for this 
reason, catalytic hydrogenations are widely applied in the petrochemical industry, 
where the use of other reductants is generally not economically viable. It is only in the 
last two decades, however, following the emergence of green chemistry, that catalysis 
has been widely applied in the pharmaceutical and fine chemical industries, with the 
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goal of minimizing the enormous amounts of waste generated by the use of 
stoichiometric inorganic reagents. 
Design for Degradation: Chemical products should be designed so that at the end of 
their function, they break down into innocuous degradation products and do not persist 
in the environment. Green chemistry practitioners aspire to optimize the commercial 
function of a chemical while minimizing its hazard and risk. Green chemistry principles 3, 
4, 5, and 12 guide designers to reduce the hazards of chemicals. Principle 10, however, 
guides the design of products that degrade after their commercial function in order to 
reduce risk or the probability of harms occurring. Risk is a function of both a molecule’s 
inherent hazard and exposure – contact between a chemical and a species. Degradation 
can eliminate significant exposure, thereby minimizing risk regardless of the hazard of 
the chemical involved.

A green chemistry objective is to design out molecular features responsible for 
hazardous characteristics and risk. Trade-offs, or alternative approaches, must be 
evaluated when the molecular features to be designed in for commercial function 
overlap with those to be designed out to reduce hazard and risk. Biodegradation, 
hydrolysis, and photolysis can be designed into chemical products. In the same way that 
mechanistic toxicology knowledge is essential to identify and design out molecular 
features that are the basis for hazards, an understanding of the mechanisms of 
degradation and persistence are required to design in chemical features that promote 
degradation and eliminate features that promote persistence. Many persistent 
compounds are extensively chlorinated. Halogens such as chlorine are electron 
withdrawing, thereby inhibiting the enzyme systems of microbes because aerobic 
microbial degradation favors electron rich structures. Prediction methods that can 
guide the design of molecular architecture expected to degrade include rules of thumb 
linking structural features to degradability or persistence, databases of existing 
knowledge, models that evaluate biodegradability and experimental testing. All of these 
tools can be adapted to individual chemical sectors and specific objectives.

Degradation must occur within the relevant environmental compartment(s) and 
at a meaningful rate. Domestic wastewater typically passes through a vigorous 
bioreactor within wastewater treatment plants (WWTP). The consumer product 
industry has designed molecules for removal within these bioreactors. In the early 
1960’s, industry transitioned from non-biodegradable branched surfactants, which 
caused extensive foaming and other health problems in surface waters receiving WWTP 
effluent, to biodegradable linear alkyl benzene sulfonate based detergents – an 
approach to innovative design that continues today.  Tools currently exist to enable the 
implementation of principle 10, but advances in mechanistic understandings linking 
molecular features to hazards and degradability will enable more comprehensive 
application of green chemistry to control hazard and risk. Effective communication 
across disciplines is also essential to provide designers with knowledge they can factor 
into the complexities of product design. Because of regulatory and business constraints, 
many product design decisions must be made relatively early. Predictive decision-
making tools must provide confidence about hazard and risk in a way that is aligned 
with the timing and magnitude of development decisions, and most importantly, while 
there is still flexibility to alter a molecular design or product formulation.
Real-Time Analysis for Pollution Prevention: Analytical methodologies need to be 
further developed to allow for real-time, in-process monitoring and control prior to the 
formation of hazardous substances. Most chemists are familiar with laboratory analysis 
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from their undergraduate training. But analysis can also be performed in-line, on-line, or 
at-line in a chemical plant, a subdiscipline known as process analytical chemistry. Such 
analysis can detect changes in process temperature or pH prior to a reaction going out of 
control, poisoning of catalysts can be determined, and other deleterious events can be 
detected before a major incident occurs.

Process analysis is of such importance that the US Food and Drug Administration 
encourages such an approach for the manufacture, design, and control of 
pharmaceutical manufacturing. Since 1984, an industry-academic partnership, the 
Center for Process Analytical Chemistry, has promoted research into emerging 
techniques for process analytical chemistry.

While the traditional roles of analytical chemistry also advance green chemistry 
goals, the effective application of process analytical chemistry directly contributes to 
the safe and efficient operation of chemical plants worldwide.
Inherently Safer Chemistry for Accident Prevention: Substances and the form of a 
substance used in a chemical process should be chosen to minimize the potential for 
chemical accidents, including releases, explosions, and fires. Safety can be defined as the 
control of recognized hazards to achieve an acceptable level of risk. Green Chemistry 
Principle # 12 is known as the “Safety Principle”. It may be the most overlooked of the 
twelve principles, yet it is the logical outcome of many of the other principles. In fact it is 
practically impossible to achieve the goals of Principle 12 without the implementation of 
at least one of the others. Since the very essence of green chemistry is to reduce or 
eliminate the use or generation of hazardous substances, there is an intrinsic connection 
to laboratory safety. While there are a few exceptions, the majority of the Green 
Chemistry Principles will result in a scenario that is also safer.

Under the umbrella of the Environmental Protection Agency (EPA), Green Chemistry’s 
primary focus is clearly to make the environment safer. Materials and processes that are 
safer for the environment also are likely to be safer for the general public. However, 
another population that benefits from green chemistry and is not often mentioned is 
workers. The manufacturing or laboratory worker is often the first in-line person to 
benefit from hazard reductions. The health and safety of workers are under the purview 
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of the Occupational Safety and Health Administration (OSHA). In a recent news release, 
OSHA unveiled a chemical management system designed to increase worker safety. The 
Hierarchy of Safety Controls as highlighted in OSHA’s new Transitioning to Safer 
Chemicals Toolkit illustrates the difference between focusing on the control or hazard 
part of the safety definition. Traditional chemical safety models focus primarily on the 
control component of that definition. The graphic (adapted from OSHA) shows that the 
most effective means of increasing safety is eliminating the hazard component. Since the 
elimination of hazards is the basic tenet of Green Chemistry, this marriage of the ideas 
of Green Chemistry from both OSHA and EPA should have a synergistic impact on 
hazard reduction. Combining the forces of these two agencies toward a common goal 
may lead to conversations and changes that result in safer conditions for workers, a 
safer environment for the general public, and a safer planet for us all.
Green Chemistry in Day-To-Day Life:
Green Dry Cleaning of Clothes:

Perchloroethylene (PERC), Cl2C═CCl2 is commonly being used as a solvent for 
dry cleaning. It is now known that PERC contaminates ground water and is a suspected 
carcinogen. A technology, known as Micell technology developed by Joseph De Simons,
Timothy Romark, and James McClain made use of liquid CO2 and a surfactant for dry 
cleaning clothes, thereby replacing PERC. Dry cleaning machines have now been 
developed using this technique. Micell Technology has also evolved a metal cleaning 
system that uses CO2 and a surfactant thereby eliminating the need of halogenated 
solvents.
Versatile Bleaching Agents:

It is common knowledge that paper is manufactured from wood (which contains 
about 70% polysaccharides and about 30% lignin). For good quality paper, the lignin 
must be completely removed. Initially, lignin is removed by placing small chipped pieces 
wood into abath of sodium hydroxide (NaOH) and sodium sulphide (Na2S). By this 
process about 80-90% oflignin is decomposed. The remaining lignin was so far removed 
through reaction with chlorine gas (Cl2). The use of chlorine removes all the lignin (to
give good quality white paper) but causes environmental problems. Chlorine also reacts 
with aromatic rings of the lignin to produce dioxins, such as 2,3,4-tetrachloropdioxin 
and chlorinated furans. These compounds are potential carcinogens and cause other 
health problems. These halogenated products find their way into the food chain and 
finally into products, pork, beef and fish. In view of this, use of chlorine has been 
discouraged. Subsequently, chlorine dioxide was used. Other bleaching agents like 
hydrogen per oxide (H2O2), ozone (O3) or oxygen (O2) also did not give this the desired 
results. A versatile agent has been developed by Terrence Collins of Camegie Mellon 
University. It involves the use of H2O2 as a bleaching agent in the presence of some 
activators known as TAML (Tetra-amidomacrocylic ligand) that act as catalysts, which 
promote the conversion of H2O2 into hydroxyl radicals that are involved in oxidation 
(bleaching). TAML activators allow H2O2 to break down more lignin in a shorter time 
and at much lower temperature. These bleaching agents find use in laundry and results 
in lesser use of water.
Green Solution to Turn Turbid Water Clear:

Tamarind seed kernel powder, discarded as agriculture waste, is an effective 
agent to make municipal and industrial waste water clear. The present practice is to use 
Al-salt to treat such water. It has been found that alum increases toxic ions in treated 
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water and could cause diseases like Alzheimer’s. On the other hand kernel powder is 
not- toxic and is biodegradable and cost effective. 
Conclusion:

Green Chemistry is new philosophical approach that through application and 
extension of the principles of green chemistry can contribute to sustainable 
development. Presently it is easy to find in the literature many interesting examples of
the use of green chemistry rules. Great efforts are still undertaken to design an ideal 
process that start from non-polluting materials. It is clear that the challenge for the 
future chemical industry is based on safer products and processes designed by utilizing 
new ideas in fundamental research. Furthermore, the success of green chemistry 
depends on the training and education of a new generation of chemists. Students at all 
levels have to be introduced to the philosophy and practice of green chemistry.
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