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DEFINITION

Green Chemistry is the utilization of a set of

principles that reduces or eliminates the use or

generation of hazardous substances in the design,

manufacture and application of chemical products .
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History of green chemistry 
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 Green Chemistry has evolved in 1991 from its roots in

academic research to become a mainstream practice supported

by academia, industry and government.

 Green chemistry, is also called benign chemistry or clean

chemistry for sustainability.

 The success of green chemistry depends on the training and

education of a new generation of chemists.
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Green chemistry looks at pollution prevention on the 

molecular scale and is an extremely important area of 

Chemistry due to the importance of Chemistry in our world 

today and the implications it can show on our environment.

The Green Chemistry program supports the invention of 

more environmentally friendly chemical processes which 

reduce or even eliminate the generation of hazardous 

substances.

This program works very closely with the twelve principles 

of Green Chemistry.



“ Chemistry has an important role to 

play in achieving a sustainable 

civilization on earth.”
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Dr. Terry Collins



Generally, as human beings are part of the environment, the way

in which we interact with our environment influences the quality

of our lives.

Industrial

ecology

Sustainable

development

(the goal) 

Green chemistry, lies at the heart of the industrial ecology

Green 

Chemistry

a tool

Green 

chemistry 

education

UNESCO conference on ESD , Bonn, Germany, 2009
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Green chemistry education



 Working in the pharmaceutical industry is challenging. The

graduate needs to have both interpersonal and intrapersonal skills

to work with other colleagues. In addition to a bachelor's degree,

graduates have to be trained in Good Laboratory Practices (GLP)

and Good Manufacturing Practices (GMP).

4/26/2020 17Dr Narendra Babu, doctorjob.com.my



Green chemistry: 

challenges and prospectives
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 To conceptualize the sustainability for green chemistry and

Education for Sustainable Development (ESD)* which allows

every graduate to acquire the knowledge, skills, attitudes and

values necessary to shape a sustainable career future.

* UNESCO is the lead agency for the UN Decade of Education for

Sustainable Development (2005-2014).

Learning objectives
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 To understand how to apply this concept in our research

fields of interest aiming to safe our enviroment.

 To think prospectively about how to change our education

subjects to be sustainable learning tools by investigating

examples of green chemistry applications relevant to

students .

 To understand the important role of the green chemistry

and how to deal with it in our practical life.

UNESCO conference on ESD , Bonn, Germany, 2009



Strategies to integrate green 

chemistry into an already crowded 

brown chemistry curriculum

Changing our mind set and applying the green concept in

classroom, laboratory, manufacture and the surrounding

environment.

 Involving students in the process of greening the curriculum.

Modernizing the curriculum using the latest green chemistry

developments.

Replacing rather than adding course materials.
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http://www.epa.gov/greenchemistry/pubs/educat.html/



Finding experiments that illustrate green chemistry concepts

and are effective in the teaching labs.

Developing interactive Teaching Units (ITU) which have been

developed specifically to introduce undergraduate students to

green chemistry.

Encouraging chemistry students to consider the principles of

green chemistry when designing processes and choosing reagents.
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Emitting legislation in favour of green chemistry.

 Giving award to green chemistry users.

Giving grants to green chemistry research/development.

Developing educational activities in green chemistry.

 Organizing conferences seminars and works for green

chemistry.

 Establishing good relationship with the Environmental

Protection Agency (EPA).

Helping others learn from our experience.
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A major force in taking the concept and the practice of green

chemistry around the world has been the Green Chemistry

Institute (GCI). Created in 1997, the Institute flourished by

promoting and fostering the furtherance of Green Chemistry

through research, education conferences/deliberative

symposia/meetings and information dissemination including

public awareness.
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The green chemistry institute

In 2001, the Green Chemistry Institute became part of the

American Chemical Society. The two organizations joined to

pursue their joint interests in the discovery and design of

chemical products and processes that eliminate generation and

use of hazardous substances.



American Chemical Society  Green Chemistry Institute 

ACS Green Chemistry Institute®

Its mission is to catalyze and enable the implementation of green

chemistry and engineering throughout the global chemical

enterprise through:

 Performing assignments and group presentations.

 Using standards guidelines and ACS approval program.

Using safety ACS guidelines to incorporate safe practices into

your teaching curriculum.

http://www.acs.org/content/acs/en/greenchemistry.html
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Green chemistry techniques

 Reactions in alternative solvents.

 Atom economic multi-component reactions.

 Microwave.

 Ultrasonic reactions.

 Flow reactions.
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For example



1. Prevention.

2. Atom Economy.

3. Less Hazardous Chemical Synthesis.

4. Designing Safer Chemical.

5. Safer Solvents and Auxiliaries.

6. Design for Energy Efficiency.

7. Use of Renewable Feedstock.

8. Reduce derivatives.

9. Catalysis.

10. Design for degradation.

11. Real-time analysis for pollution prevention.

12. Inherently safer chemistry for Accident Prevention. 27

Matthew A. Albrecht, Cameron W. Evans and Colin L. Raston, (2006),  The Royal Society of Chemistry , 8, 417–432.

Twelve principles of green chemistry
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1. Prevention

It is better to prevent waste than to treat or clean up waste after it has been created.

2. Atom Economy

Synthetic methods should be designed to maximize the incorporation of all materials used in the process 

into the final product.

3. 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.

4. Designing Safer Chemicals

Chemical products should be designed to effect their desired function while minimizing their toxicity.

5. Safer Solvents and Auxiliaries

The use of auxiliary substances (e.g., solvents, separation agents, etc.) should be made unnecessary 

wherever possible and innocuous when used.

The Twelve Principles of Green Chemistry



6. 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.

7. Use of Renewable Feedstocks

A raw material or feedstock should be renewable rather than depleting whenever 

technically and economically practicable.

8. 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.

9. Catalysis

Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.



10. 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

11.  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.

12. 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.
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Need of Green chemistry in our day to day lifecycle

1. Green chemistry is the new and rapid emerging branch of chemistry. 

2. The beginning of green chemistry is considered as a response to the need to reduce the 

damage of the environment by man-made materials and the processes used to produce 

them.

3. Green chemistry could include anything from reducing waste to even disposing of 

waste in the correct manner. 

4. All chemical wastes should be disposed of in the best possible manner without causing 

any damage to the environment and living beings. 

5. This presents selected examples of implementation of green chemistry principles in 

everyday life
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The role of green chemistry effect  on 

environment 



1.Adipic acid ( Traditional synthesis)

i. It is currently produce at around more than10 lakhs liters used benzene for

synthesis of adipic acid.

ii. Adipic acid is a very popular starting material for nylon-6-6 and catechol

synthesis widely used in pharmaceutical and pesticide industries.
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Green synthesis of Adipic acid
 This ecofriendly method did not produce toxic waste, moreover, it is yield and reaction mas efficiency is 90

and 67% . Biocatalyst method for the synthesis of adipic acid from D-glucose has also been promoted where

generally transgenic bacteria nontoxic stain.



1. Urethane is required in large quantities for the manufacture of polyurethane 

a class of number of commercial applications. Urethane is a synthetic 

crystalline compound used in the manufacture of pesticides, fungicides, 

cosmetics, and pharmaceuticals. 

2. Previously, it was considered to be an effective veterinary anesthetic. 

“Ethyl carbamate” and “ethyl urethane” are synonyms for urethane. 

3. Though polyurethane products may generally be known as “urethanes,” 

polyurethane is not at all the same as ethyl carbamate (called urethane).

4. These units of urethane have a definite number of atoms of oxygen, 

nitrogen, carbon, and hydrogen arranged in a particular pattern.

584/26/2020

Urethane

http://www.differencebetween.net/science/chemistry-science/difference-between-hydrogen-peroxide-and-rubbing-alcohol/
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Aniline

RNH2 + CO2 RNCO + H2O
R'-OH

RNHCO2R'

Carbon
dioxide

Isocyanate Urethane

Aniline

RNH2 + COCl2 RNCO +  2HCl
R'-OH

RNHCO2R'

Phosgene Isocyanate Urethane

i. Synthesis of urethane (traditional method)
The urethane was synthesis earlier using phosgene, an extremely hazardous chemical

ii. Green synthesis
Mansanto Company has developed a method for the synthesis of urethane eliminating the

use of phosgene.
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IBUPROFEN

 The Boots Company PLC developed and patented the six step brown synthesis of ibuprofen in 

the 1960s.

 The synthesis process results in millions of pounds of unwanted, unutilized, and unrecycled 

waste chemical byproducts that have to be treated or disposed of each year.

 The percentage atom economy of the brown synthesis of ibuprofen is 40% 60% (by weight) 

of all reagent atoms are incorporated into unwanted byproduct or waste. 

 Ibuprofen is one of the product used in large quantities for making pharmaceutical drugs like to

relieve pain (pain killers) from various conditions such as headache, dental pain, menstrual cramps,

muscle aches, or arthritis. It is also used to reduce fever and to relieve minor aches and pain due to

the common cold or flu. Ibuprofen is a nonsteroidal anti-inflammatory drug (NSAID).



Traditional method 
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Green synthesis

 The BHC Company developed and patented a greener, three step synthesis of ibuprofen in 1991.

 Their goal was to develop and put into practice a more efficient and environmentally sensitive method of 

synthesizing ibuprofen to market.

 The green synthesis provides for a far greater atom economy at 77% (99% if the acetic acid recovered 

from the first step is considered).

 This method prevents the formation of millions of pounds of waste and chemical byproduct as well as 

saves millions of pounds of reactant materials.

 The BHC Company won a Presidential Green Chemistry Challenge Award in 1997 for their development 

of this synthesis



 There are also other environmental advantages to the green synthesis.

 The brown synthesis requires auxiliary reagents in stoichiometric amounts. In

contrast, the green synthesis is catalytic.

 The green synthesis uses reagents which are recovered and reused repeatedly

(e.g. HF, Raney nickel, and Pd).

 The green synthesis offers greater throughput which allows larger quantities to

be produced in less time resulting in less capital expenditure and significant

economic benefits.
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 Designed discussion space within the lab to facilitate 

collaborative, students discussions. 

 Specifically designed and equipped to streamline

workflow, allowing students to spend their time in lab

more productively.

 The new lab is equipped with modern chemistry

instruments.
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 The lab also features state-of-the-art "green" fume hoods

for students to work in.
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Applications in pharmacy
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Nanomaterial Clinical use Green synthesis

Gold Cancer therapy,

diagnosis

From plant extracts,

From Bacteria

Silver Anti-microbial activity Almond leaves,

Tannic acid

Iron oxide MRI contrast,

diagnostic

From tea leaf extract, Bacteria

Zinc oxide Anti -bacterial activity From plant extracts

Carbon Nanotubes Toxicology studies,

cancer

Using Camphor,

Biodiesel (plant)

4/26/2020 Betty Y.S. Kim, James T. Rutka and Warren C.W. Chan, (2010), Journal of medicine, 363, 2434-2443.

Nanomaterials used as nanomedicines 

with green synthesis



TEA LEAF EMBLICA OFFICINALE

EDIBLE MUSHROOM TAMARINDUS INDICA 

From plant 

extract

Green synthesis of some nanomedicines 

Gold nanoparticles



ALMOND LEAVES ALOE VERA

HONEY TANNIC ACID

Betty Y.S. Kim, James T. Rutka and Warren C.W. Chan, (2010), Journal of medicine, 363, 2434-2443.
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Silver nanoparticles



Formed from biochemically common elements.

– prototype exhibits v. low toxicity.

Beginning of “dial-a-lifetime” catalysis.

Economical to synthesize.

Water-soluble.

Usable from pH 1 to 13.

Efficient users of peroxide.

—fast peroxidase/slow catalase

10 US patents, >70 counting foreign nationalizations .

Effective at 0.1 to 4 ppm = nM to low mM.

Amenable to modifications for capturing novel selectivity.

Currently being produced for small scale commercial uses.

TAML® Catalyst Features
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Indeed, the most simple and direct way to apply green

chemistry in pharmaceutical products is to utilize eco-friendly,

non-hazardous, reproducible and efficient solvents and catalysts

in synthesis of drug molecules, drug intermediates and in

researches involving synthetic chemistry.
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Currently, our interest in Cairo University is focused in adopting

and applying green chemistry principles as a recent trend in

pharmaceutical teaching and learning methods for graduate

students in pharmaceutical organic chemistry courses.

 Also, green chemistry is applied in our Faculty research plan

(2012-2017) for postgraduate students to afford pharmaceutical

products.

The first trial was in 2007, since we designed and synthesized

anticancer compounds structurally related to combretastatin that

bind to tubulin at colchicine binding site through applying green

chemistry.
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Combretastatins (CA1-4), as natural antimitotic agents, were 

isolated from the bark of the South African tree Combretum

caffrum.

4/26/2020
Pettit, G.; Singh, S.; Boyd, M.; Hamel, E.; Pettit, R.; Schmidt, J. and 

Hogan, F.; J. Med. Chem., 38, 1666  (1995).

Combretastatin A4 Phosphate (CA4P)
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 So, one of our compounds is the diaryl cyclohexene

dreivative (3) which was synthesized with green solvents,

reagents and consuming less time to exhibit its potent in- vitro

cytotoxicity .

CA4P

Currently, CA4P as an anticancer drug is    

in Phase III to evaluate the safety and 

efficacy standards.
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 Applying the concept of green chemistry in education is built

on understanding the needs of pharmaceutical industries and

laboratories that have an important role in pharmacy to achieve

good manufacture products with the following advantages :

Conclusion



 Preventing pollution before it happens rather than cleaning up

the mess later.

 Saving pharmaceutical companies money by using less energy

and fewer/safer chemicals, thus reducing costs & impacts of

pollution.

 Mitigating climate change, water & resource depletion, &

growing demands for safer products and cleaner energy.

4/26/2020 77http://www.chemistry.org/portal/a/c/s/1/acsdisplay.html?DOC=education\

greenchem\cases.html



goal is a graduate capable of competing in the labor market and

providing pharmaceutical services in all aspects, thereby

enhancing the quality use of medicine. So, our vision is that

the philosophy and practice of green chemistry education to be

spread as a part of pharmacy ethics to balance eco-development

profitable for society and a healthy environment .
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Recommendations
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