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ABSTRACT
The green chemistry revolution is providing an enormous number of challenges to those who  
practice chemistry in industry, education and research. With these challenges however, there are  
an  equal  number  of  opportunities  to  discover  and  apply  new  chemistry,  to  improve  the  
economics  of  chemical  manufacturing  and  to  enhance  the  much-tarnished  image  of  
chemistry.The range of chemical products is enormous and these products make an invaluable  
contribution  to  the  quality  of  our  lives.  Hazards  could  be  physical  (being  explosive  or  
flammable),  toxic  (being carcinogenic or  lethal),  or  global  (climate change or  stratospheric  
ozone layer depletion).  The aim of green chemistry is to reduce chemical related impact on  
human  health  and  virtually  eliminate  contamination  of  the  environment  through  dedicated,  
sustainable  prevention  programs.  Green  chemistry  searches  for  alternative,  environmentally  
friendly  reaction  media  and  at  the  same  time  strives  to  increase  reaction  rates  and  lower  
reaction temperatures. This paper reviewed the principles of green chemistry, its applications,  
benefits to human health, environment and the economy
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Introduction
Chemistry has improved our quality of life, and made thousands of products possible through the 
provision of antibiotics, fertilizers, pesticides, plastics,  synthetic fibres, cosmetics,  electronics 
etc. Unfortunately, this achievement has come at a price: our collective human health and the 
global environment are threatened through the numerous compounds produced at various levels 
as by-products or co-products leading to pollution, depletion of natural resources, diseases, and 
waste generation. Chemicals are typically created with the expectation that any chemical hazards 
can  somehow be  controlled  or  managed by establishing  “safe”  concentrations  and exposure 
limits (Nameroff et al.,2004). 
The challenge for chemists is to develop new products, processes and services that achieve the 
societal, economic and environmental benefits that are now required. This requires the discovery 
and  development  of  new  synthetic  pathways  which  set  out  to  minimise  or  eliminate  the 
dispersion of harmful chemicals in the environment, maximise the use of renewable feedstocks, 
identify  alternative  reaction  conditions  and  solvents  for  improved  selectivity  and  energy 
minimisation and designing less toxic and inherently safer chemicals and extend the durability 
and recyclability of products—in a way which increases industrial competitiveness.  
This paper is therefore aimed at highlighting the importance of green chemistry for sustainability 
as applicable to human health, environment, and the economy, and also explain and interprete the 
design of greener route to the traditional chemical reactions. In chemical syntheses, the ideal will 



be a combination of a number of environmental, health, safety, and economic targets as shown in 
Fig 1(Clark,1999).

                          Fig. 1 The ideal synthesis

Definition of Green Chemistry
Green Chemistry is the utilization of a set of principles that reduces or eliminates the use or 
generation of toxic and/or hazardous substances in the design, manufacture and applications of 
chemical  products”(Anastas  and Warner,  1998).  Green  chemistry encourages  innovation  and 
promotes the creation of products that are both environmentally and economically sustainable by 
utilizing  preferably  renewable  raw  materials.  Green  chemistry  consists  of  environmentally 
friendly, sustainable chemicals and processes whose use results in reduced waste, safer outputs, 
and reduced or eliminated pollution and environmental damage. 
Sustainable  development  is  development  that  meets  the  needs  of  the  present  without  
compromising the ability of future generations to meet their own needs. It contains within it two  
key concepts:

• the  concept  ofneeds,  in  particular  the  essential  needs  of  the  world's  poor,  to  which  
overriding priority should be given; and

• the idea oflimitationsimposed by the state of technology and social organization on the  
environment's ability to meet present and future needs."

One could say that sustainability is the goal and green chemistry is the means to achieve it.

Green  chemistry  is  the  most  fundamental  approach  for  preventing  pollution.  It  encourages 
innovations and promotes products that are environmentally and economically sustainable. The 
Pollution  Prevention  Act  of  1990  legislation  has  given  birth  to  today's  green  chemistry 
initiatives. In nature, green chemistry is cleaner, cheaper and smarter and it prevents pollution at 
molecular level  (Anastas and Kirchhoff,2002). The goal of green chemistry is to create better, 
safer chemicals while choosing the safest, most efficient ways to synthesize them and to reduce 
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wastes. Innovative design and changes in chemical processes can eliminate hazards and help 
scientists to achieve the goals to sustainable development.
In  recent  years  Green  chemistry has  gained  a  strong foothold  in  the  areas  of  research  and 
development in both industry and academia,  especially in the developed industrial  countries. 
Several international conferences, scientific journals, numerous publications and new courses in 
universities  testify  to  the  increasing  influence  of  Green  Chemistry  philosophy(Mouyios  and 
Valavanidis,2004).  Green  chemistry  focuses  on  the  connections  between  humans,  chemistry 
andthe environment. The main goal of green chemistry is inventions at molecular and atomic 
levels  so  as  to  increase  the  chemical  efficiency resulting  in  little  or  no  waste.  Thus,  green 
chemistry is the cradle for green processes and green technologies and thus a greener world (Brar 
et al.,2014).

Principles of Green Chemistry
This concept is embodied in the 12 Principles of Green Chemistry (Anastas  et al.,2000) which 
can be paraphrased as:
1. Waste prevention instead of remediation
2. Atom efficiency
3. Less hazardous/toxic chemicals
4. Safer products by design
5. Innocuous solvents and auxiliaries
6. Energy efficient by design
7. Preferably renewable raw materials
8. Shorter syntheses (avoid derivatization)
9. Catalytic rather than stoichiometric reagents
10. Design products for degradation
11. Analytical methodologies for pollution prevention
12. Inherently safer processes

Green chemistry design and innovation is  being applied to a range of industrial  applications 
including: adhesives, pesticides, fertilizers, cleaning products, pharmaceuticals, fine chemicals, 
plastics,  fuels  and renewable energy technologies,  pulp and paper,  nanotechnologies,   textile 
manufacturing,  paints  and  coatings  and   water  purification(Martyn,2002).  Green 
chemistryenables companies to design new products and processes around sustainability criteria; 
helps capture top and bottom line profits throughout the value chain, and allows companies to 
differentiate and gain competitive advantage.
Governments and scientific  communities  throughout the world recognize that the practice of 
green  chemistry  and  engineering  leads  to  a  cleaner  and  more  sustainable  earth,  and  is 
economically beneficial with many positive social impacts. Several international conferences, 
scientific  journals,  numerous  publications  and  new  courses  in  universities  testify  to  the 
increasing influence of  Green Chemistry philosophy (Mouyios  and Valavanidis,2004).  These 
benefits  encourage  businesses  and  governments  to  support  the  development  of  sustainable 
products  and  processes.  The  United  States,  desiring  to  reward  and  celebrate  significant 
achievements in Green Chemistry, has given out an annual award since 1996, the Presidential 
Green Chemistry Challenge Award.



Applications of Green Chemistry

Waste prevention
If a chemical reaction is of the type A + B   →  P + W
Where A, B are reactants; P is the product and W is a waste product.
Find alternative A or B to avoid W. For example

Water purification:
Chlorine oxidizes the pathogens there by killing them in purifying water, but at the same time 
forms harmful chlorinated compounds. A remedy is to use another oxidant, such as O3 or 
supercritical water oxidation.

Dry cleaning of clothes
Development of dry cleaning machine that uses a surfactant and liquid CO2 as a solvent in dry 
cleaning instead of perchloroethylene (PERC), Cl2C=CCl2 which is a very toxic substance that 
contaminates ground water and a suspected carcinogen. A metal cleaning system that uses CO2 

and a surfactant has also been developed thereby eliminating the use of halogenated solvents 
(Sharma,2010).  

Production of styrene (benzene ring with CH=CH2 tail)
Traditional route:Two-step method starting with benzene, (which is carcinogenic) and ethylene 
to form ethylbenzene, followed by dehydrogenation to obtain styrene

Greener route:To avoid benzene, start with xylene (cheapest source of aromatics and 
environmentally safer than benzene).

Atom economy/atom efficiency
The atom utilization, atom efficiency or atom economy concept, is an extremely useful tool for 
rapid evaluation of the amounts of waste that will be generated by alternative processes. It is 
calculated by dividing the molecular weight of the product by the sum total of the molecular 
weights of all substances formed in the stoichiometric equation for the reaction involved. For 

+ H 2C=CH2
catayst

CH2CH3

ethylbenzene

catayst
CH=CH2CH2-CH3

ethylbenzene
styrene
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example,  the  atom  efficiencies  of  stoichiometric  (CrO3)  vs.  catalytic  (O2)  oxidation  of  a 
secondary alcohol to the corresponding ketone are compared as shown below(Cavani,2010):

stoichiometric equation:
3PhCH(OH)CH3 + 2CrO3 +3H2SO4→ 3PhCOCH3 +Cr2(SO4)3 +6H2O

Atom efficiency =360/860=42%
Catalytic oxidation:
PhCH(OH)CH3 + 1/2O2    →  PhCOCH3  +H2O

Atom efficiency =120/138=87%

Pesticides
The  concept  of  “Green Pesticides”  refers  to  all  types  of  nature-oriented  and beneficial  pest 
control materials that can contribute to reduce the pest population and increase food production. 
Green  pesticides  are  safe,  eco-friendly  and  are  more  compatible  with  the  environmental 
components  than  synthetic  pesticides  (Isman  and  Machial,  2006).  More  recently,  the 
encouragement of use of products from natural resources and even the extremely biodegradable 
synthetic and semi synthetic products in pest management has been considered to constitute the 
umbrella of green pesticides (Koul et al.,2003).

Biofuels
Biorefineries integrate sustainable and environmentally friendly concepts of Green Chemistry 
with  intelligent  and  integrated  farming  processes,  optimizing  the  agricultural  production. 
Thermo-chemical and biochemical processes are excellent alternatives for the production of new 
classes of renewable biofuels and feedstock, showing relatively small impact on greenhouse gas 
emissions and important pathways to obtain platform chemicals (Bruno et al., 2014). In general, 
chemical reactions with these materials are significantly less hazardous than when conducted 
with petroleum products by the traditional method, which is  typically  very energy intensive, 
inefficient, and toxic—resulting in significant energy use, and generation of hazardous waste.

Renewable Raw Materials
More recently,  a  transition  has  been observed towards  the  use of  alternative  and renewable 
feedstocks including the use of agricultural waste or biomass and non-food-related bio-products 
to produce chemicals, based on sustainable production systems to generate food and other bio-
based products with adequate social value, low inputs, enhanced ecosystem services, zero waste, 
as  well  as  minimum  environmental  impact  and  greenhouse  gas  emissions  (Claudino  and 
Talamini,2013).

Textile Materials Finishing
In recent years, the population explosion and environmental pollution have increased the interest 
of researchers in the discovery of new health and hygiene-related products for the well being of 
mankind.  Among  the  possible  approaches  initiated  by  the  textile  industry,  the  use  of  low-
environmental impact technologies- based on sustainable biopolymers- presents a novel possible 
avenue for large scale development of bioactive textiles. The role of different biopolymers in the 



development  of  antimicrobial  textiles  has  been  reported  in  the  literature  (Shahid-ul-Islamet  
al.,2013). Increased sustainability, environment friendliness, reduced pollution, renewability and 
intrinsic biological activity are some of the attributes which make chitosan, cyclodextrin, sericin 
protein, and alginate suitable alternative agents for the functional finishing of textile materials. 
The application of biopolymers on the antimicrobial properties of textile fibers, and different 
green  pretreatment  technologies  used  for  the  surface  modification  of  textiles  with  a  special 
reference to their  influence on antimicrobial properties, as well as the advantages and future 
studies regarding the use of nanotechnology in the antimicrobial finishing of textiles are “green 
chemistry” strategies

Benefits of Green Chemistry
Human health:

• Cleaner air: Less release of hazardous chemicals to air leading to less damage to lungs
• Cleaner  water:  less  release of  hazardous chemical  wastes to  water  leading to  cleaner 

drinking and recreational water
• Increased safety for workers in the chemical industry; less use of toxic materials; less 

personal  protective  equipment  required;  less  potential  for  accidents  (e.g.,  fires  or 
explosions)

• Safer  consumer  products  of  all  types:  new,  safer  products  will  become available  for 
purchase; some products (e.g., drugs) will be made with less waste; some products (i.e., 
pesticides, cleaning products) will be replacements for less safe products

• Safer food: elimination of persistent toxic chemicals that can enter the food chain; safer 
pesticides that are toxic only to specific pests and degrade rapidly after use

• Less exposure to such toxic chemicals as endocrine disruptors

Environment:
• Many chemicals  end  up  in  the  environment  by  intentional  release  during  use  (e.g., 

pesticides),  by unintended releases (including emissions during manufacturing),  or by 
disposal.  Green chemicals  either  degrade  to  innocuous products  or  are  recovered  for 
further use

• Plants and animals suffer less harm from toxic chemicals in the environment
• Lower potential for global warming, ozone depletion, and smog formation
• Less chemical disruption of ecosystems
• Less use of landfills, especially hazardous waste landfills

Economy and business:
• Higher yields for chemical reactions, consuming smaller amounts of feedstock to obtain 

the same amount of product
• Fewer synthetic steps, often allowing faster manufacturing of products, increasing plant 

capacity, and saving energy and water
• Reduced waste, eliminating costly remediation, hazardous waste disposal, and end-of-

the-pipe treatments
• Allow replacement of a purchased feedstock by a waste product
• Better performance so that less product is needed to achieve the same function

http://pubs.acs.org/action/doSearch?ContribStored=Shahid-ul-Islam
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• Reduced use of petroleum products, slowing their depletion and avoiding their hazards 
and price fluctuations

• Reduced manufacturing plant size or footprint through increased throughput
• Improved competitiveness of chemical manufacturers and their customers

Conclusion
Green chemistry has come a long way since its birth in 1991, growing from a small grassroots 
idea into a new approach to scientifically-based environmental protection. All over the world, 
governments and industries are working with “green” chemists to transform the economy into a 
sustainable enterprise. Green chemistry reduces toxicity, minimizes waste, saves energy, and cuts 
down on the depletion of natural resources. It allows for advances in chemistry to occur in a 
much more environmentally benign way. In future, when green chemistry is practiced by all 
chemists and all chemical related companies, the term “green chemistry” will disappear as all 
chemical processes become green.
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