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Abstract- Chemistry brought a great revolution when drugs, antibiotics, insecticides, herbicides, fertilizers etc. were discovered. But, very 
soon the harsh effects of chemistry also became pronounced, main among them being the deterioration of environment. This is arisen 
mainly due to the waste of chemical industries, which are being discharged into the air, water and the land. The pollution reached such 
levels that different governments made regulations to lessen it. This soiled the foundation of Green Chemistry. Green chemistry is defined 
as a part of chemistry paying attention on the conniving of products and procedures that reduce the use and generation of hazardous 
substances [1]. It is also called sustainable chemistry. As on today, maximum pollution is caused by chemical industries. Therefore, 
attempts have been made to design synthesis processes in such a way that they minimize the waste products and they have no effect on the 
environment.  With this vision, synthesis methods should be invented in such a way that the reaction should not generate any toxic by-
products. In this paper an attempt has been made to review the implementation of Green Chemistry principles. Attempt has also been 
made to discuss green chemistry potential for future perspectives. 
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I. INTRODUCTION 

The primary objective of Green Chemistry is to accomplish ecological and economic prosperity in a sustainable world. One 
of the aspects of sustainable chemistry is normally expressed as the chemical research pointing at the optimization of chemical 
procedures and products concerning energy and material utilization, intrinsic safety, toxicity, environmental degradability, etc. 
[2]. Green Chemistry also includes reducing other related ecological effects [3], incorporating decrease in the amount of energy 
expended in chemical processes. In like manner, there have been tries to attain eco-friendly synthesis and different law have 
been passed to control and treat contamination, in an undertaking to urge industries and academics to develop new innovations, 
processes and educational literatures, dropping the use of hazardous substances. Like conventional chemistry, Green Chemistry 
also contains a similar creativity and advancement. Subsequently, there lies a difference in that conventional chemists have not 
been positioning the environment high in their precedence. Yet, with the expansion in environmental cognizance, there is a 
objective for chemists to introduce new products and processes that attain necessary social, economic and environmental goals 
[4]. ‘The twelve Principles of Green Chemistry’ serve as guidelines for practicing in creating and surveying how green a 
combination, compound, process or innovation is [5]. 

II. GREEN CHEMISTRY AND INDUSTRY 

During the 1990s many industries recognized that the implementation of green chemistry not only prompts ecological 
benefits, but also financial and social welfares. The merger of these three benefits presents strong encouragement for industries 
to advance sustainable products and processes. The accompanying genuine cases outline how green chemistry impacts a wide 
range of fields including pharmaceuticals, pesticides, paper, polymers, food, refinery, textile, agrochemicals, and many others. 

Applications of green chemistry incorporate new methodologies that decrease the use of solvents, or transform them into 
safer and more effective. In addition, Green chemistry has also induced a number of ways to synthesize petroleum-based 
chemicals from biological materials or waste. Green chemistry assumes a vital role in alternate energy sources, and the 
introduction of new methods to make solar cells. The key objective of green chemistry is to reduce or remove waste in the 
production of chemicals and its associated products, which has persuaded the concept of next generation catalysts. If an industry 
can considerably reduce expenditure towards waste management, then these funds can be spent in more beneficial areas and 
result in an enhanced main concern. Hence, Green Chemistry is good for the eco-system as well as for industry [6].  

III. GREEN CHEMISTRY CURRICULUM 

To shift new generation and economy in a genuinely sustainable direction, we have to educate the up and coming age of 
chemists to apply Green Chemistry. Conventional chemistry, as it is presently practiced, does not provide chemists the 
proficiency they require to make the products and procedures which will alternate for the existing hazardous environment. The 
present chemistry student is not familiar with toxicology and biology.  Students learn few basic principles of chemistry and 
processes. They are never taught about impacts of the reagents they use and the methods to reduce or prevent waste. These more 
extensive logical issues are at the core of Green Chemistry. Also, this is the manner by which chemistry ought to be educated. 
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Chemistry students of today are keen on the sustainability of their world. With increasing public concern over global 
warming, an unnatural weather change and greenhouse gases, students would like to know how human activities influence the 
health of our world. Now, students are truly concerned about pollution. Moreover, they would like to secure a healthy planet for 
next generations. Students of chemistry have an opportunity to grow the awesome field of green chemistry. Thus the way in 
which we edify students about chemicals, molecular structure, hazard and the inherent nature of things should be shift to 
incorporate Green Chemistry principles at its core.  

Green chemistry suggests solutions to current environmental issues. Green chemistry education provides the prospect to 
guide imminent scientists, as a result helping to move on the road to a more sustainable world. It is especially important to teach 
the green chemistry principles in undergraduate chemistry classes. At this level, students learn the techniques and procedures 
that they will take with them to industry. For this reason, it is imperative that we teach our upcoming chemists using green 
chemistry methods. Green Chemistry activities may pursuit Green Chemistry workshop, Green Chemistry project with local 
bodies, Lecture of Green Chemistry speaker, Green Chemistry laboratory experiment, development of Green Chemistry web 
page, distribution of Green Chemistry Newsletter to the students, etc. 

IV. ENERGY CONSERVATION 

Energy conservation and consumption has known to create a crucial environmental effect. Energy constraints of chemical 
processes should be perceived for their ecological effects and should be reduced. In a scholastic lab, the amount of energy may 
seem irrelevant. But on commercial level, energy savings are multiplied and energy efficiency becomes considerably more 
significant. Special consideration has not been given to temperature and pressure in conventional organic synthesis. The chemist 
just follows a convention to get a reaction to go to completion and to isolate the particular product at as high a yield as could be 
allowed. From the chemist’s point of view consideration of energy is of no importance in every sense. An overview of a 
complete production system from raw materials to production of final product can help identify ways to reduce energy 
consumption. 

There is a tremendous scope to explore the relationship between green chemistry and energy efficiency. The most effective 
method of synthesis with the minimum energy consumption must be a key design constraint. There are a number of 
opportunities for chemists to change the energy use profile. Scientists can consider energy aspects in terms of ∆H in the Gibbs 
free energy equation, heats of formation, heats of vaporization, enthalpy, exothermic reactions, etc. This is a significant part 
where most chemists are not paying attention. 

In contrast to those reactions those have classically been conducted in liquid solutions, Microwave irradiation in the solid 
state [7] is a technique that is being utilized to affect chemical conversions speedily. Risk of high pressure is avoided in Solvent-
free microwave assisted reactions [8]. The microwave technique has shown marked advantages in not necessitate of extended 
heating to complete a reaction. The practical viability of solvent free and microwave aided synthesis has been shown in various 
useful conversions [9] as well as in the synthesis of heterocyclic compounds [10]. The microwave technique has revealed 
precise advantages in not requiring extensive heating to carry out a reaction. For example- 

 
Ultra sound is a rather new way of instigate energy into chemical reactions [11]. It has been used to enhance reaction rates 

[12] in a various conventional reactions. For example- 

 

 
In spite of the fact that the use of phase transfer catalysis in organic aqueous biphasic systems is well established to catalyze 

heterogeneous liquid-liquid reactions. But, ultra sound is significantly more competent in these reactions on the grounds that 
ultrasonic waves generate extremely fine emulsions which bring about tremendous interfacial contact areas between the liquids 
and a subsequent increase in the reactivity between dissolved species. Energy conservation at the chemical sector, from the 
feedstock to production, distribution, and waste reduction intrinsically saves considerable amounts of energy. 
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V. SUSTAINABLE DEVELOPMENT THROUGH GREEN CHEMISTRY 

In present era sustainable development is the key objective of technological progress. It is responsibility of researchers to 
play a key role in converting old technologies into new clean processes, formulating new eco- friendly products and new 
hygienic processes. The processes to check the spreading of chemicals in the eco-system and to appraise the effect of chemicals 
on the eco-system are important to achieve sustainable development. In other words, Green chemistry is an appropriate and new 
philosophy of chemistry with an aim to rectify conventional practices in order to avert issues later on. Green chemistry refers to 
the new innovation in technology and science for sustainability, based on guidelines focusing on the need to discard unsafe 
products and processes. Some strategies can be implemented such as- minimization of waste, minimization of energy 
consumption, preferably use of raw materials taken from sustainable sources, replacement of old compounds with others which 
have enhanced functional efficiency and minimum toxic impact on the environment and human health. Eco-friendly molecular 
design has pilot to improvements such as replacement of organic solvents with supercritical liquids, replacement of brominated 
flame retardants and Substitution of non-selective persistent pesticides. 

Water resources is the most crucial issue of the today’s developing world. Green chemistry can also play a very strong role 
to solve this issue. It is through the usage of cleaner processes and use of safe and biodegradable chemicals. A large volume of 
wastewater could be reused to reduce the emerging, critical need of water in many of developing countries. According to Zujang 
[13], the main module of Environmental Engineering Education (E3) in near future will reside on fundamental hygiene with 
remarkable emphases on the green chemistry in most developing countries. In many countries, the green chemistry is still in a 
phase of early stages, regardless of the critical necessity and the significant role green chemistry can play. Various practices in 
developing countries are still far from the conceptions of safety, pollution prevention and energy conservation. Waste 
generation, environmental pollution and contamination of soil are some of the throbbing issues many developing countries are 
experiencing.  

VI. GREEN CHEMISTRY IN EVERYDAY LIFE 

In view of the principles of green chemistry and by using safe raw materials and process threat to the environment can be 
abolished in an easy way. A few illustrations are- 

Production of nylon, polyurethanes and lubricants and plasticizers is accomplished with use of lot of adipic acid. Benzene is 
a customary substrate for the production of this adipic acid in spite of the fact that Benzene is a compound with carcinogenic 
properties. A green method for synthesis of adipic acid was developed at State University of Michigan using a less toxic 
substrate. Furthermore, the natural source of this raw material, glucose is nearly inexhaustible. By an enzyme (discovered in 
genetically modified bacteria) the glucose can be converted into adipic acid. Such a manner of production of this acid protects 
the environment from hazardous chemical compounds.  

 
Figure: Conversion of Glucose into Adipic acid 

An environment friendly alternative of diesel oil is Biodiesel oil. Biodiesel oil is derived from cultivated plants oil such as soya 
beans. It is synthesized from fats ingrained in plant oils by eliminating the glycerin. Contrary to normal diesel oil, biodiesel oil 
is fuel from renewable resources. 

 
Figure: Synthesis of biofuel 
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The present practice to make municipal and industrial waste water clear is use of alum, but alum increases toxic ions in 
treated water and could cause diseases like Alzheimeris. On the other hand Tamarind seed kernel powder (an agriculture waste) 
is an effective agent to make municipal and industrial waste water clear. It is not-toxic and is biodegradable and cost effective. 
Analytical data for Tamarind Seed Kernel Powder are given in table I [14]. 

TABLE I 
ANALYTICAL DATA FOR TAMARIND SEED KERNEL POWDER 

Constitute % Constitute % 

Furfural 12.8 Nitrogen 3.0 

Total reducing sugar 68.6 Volatile acid 0.6 

Fat and Wax 7.5 Methoxy 0.05 

Ash 3.4 Carbon dioxide 0.77 

Perchloroethylene (PERC), Cl2C=CCl2 is generally being used as a solvent for dry cleaning, which pollutes groundwater as 
well as is a suspected cancer-causing agent. Joseph De Simons, Timothy Romark, and James McClain developed a method with 
use of liquid CO2 and a surfactant for dry cleaning clothes, in this way replacing PERC [15]. This is known as Micell 
Technology.  Dry cleaning machines have now been developed using this technique.  

 

Figure: Structure of PERC 

Lignin of wood is removed by sodium hydroxide (NaOH) and sodium sulphide (Na2S) to make paper from wood, but for 
good quality paper, the lignin of wood must be completely removed. Sodium hydroxide and sodium sulphide is unable to 
remove total lignin; therefore remaining lignin is removed through reaction with chlorine gas (Cl2). Chlorine removes all the 
lignin but causes environmental problems. Dioxins are produced as a result of reaction of Chlorine with aromatic rings of the 
lignin. Dioxins are carcinogens and cause other health problems. In this perspective, use of chlorine has been discouraged. To 
meet out this problem, a reagent has been developed by Terrence Collins of Camegie Mellon University. This reagent involves 
the use of hydrogen peroxide as a bleaching agent in the presence of some activators known as TAML activators [16].  

 

Figure: Structure of Fe (III)-TAML activator 

TAML as catalysts support the conversion of hydrogen peroxide into hydroxyl radicals that are involved in bleaching. The 
catalytic property of TAML activators permits hydrogen per oxide to split up more lignin in a shorter time and at comparative 
low temperature. These bleaching agents find use in laundry and result in reduced use of water.  

VII. CONCLUSION 

The development of Green Chemistry through the span of the previous decade needs to increase at a quickened rate if science is 
to address challenges of sustainability. The revolution must include the successful implementation of more eco friendly 
chemical processes and products. In particular we require the related scientific, researchers, academic and other communities to 
work together for sustainable development through Green Chemistry. 
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