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The Green Chemistry – Introduction 

A + B             C

Imagine

No by-products
No waste
At ambient temperature
No need of separation 

Chemistry is not straight forward as people are !
We have less than perfect chemical reactions  !

Hypothetical Reaction



Chemistry has less than perfect chemical reactions 

Chemistry : Has impurities to  remove, solvents to purified, hazardous 
materials to manage, hazardous reaction conditions to control, 
energy transfer to optimise, competing reactions to avoid, by-
products to separate, and recover and etc. 

A + B                  C is not so Simple



Green Chemistry- Definition

Green chemistry is defined as “The invention, design 

and application of chemical products and processes to 

reduce or to eliminate the use and generation of 

hazardouz substances”

It involve tools and principles used to make chemical 

reactions more efficient, safer, cleaner and produce 

less waste. 

It assists us in thinking about and designing synthetic 

routes and processes that are more similar to the 

hypothetical reaction A + B             C without any             

by-products, with out any waste, operates at  ambient 

temperature and no need of separation etc.



Green chemistry is a philosophy of chemical research and 

engineering that encourages the design of products and 

processes that minimize the use and generation of hazardous 

substances.

Green chemistry - Focus

Green chemistry focuses on using less toxic reactants by 

adopting micro-scale methods to achieve the goal of 

eliminating toxic emissions altogether by systematic phase-out 

of low efficiency processes replaced by better alternatives.  

Green chemistry - Objective

The Objective of Green Chemistry is the design of most 

efficient chemical reactions which leads to have lowest 

environmental impact and synthesis of environmentally benign 

materials.  



The Green Chemistry – The history
The interest in Green Chemistry was first started in USA when the

pollution prevention act was passed in 1990. When all the previous

acts dealt with the aftermath of pollutions and the cleaning aspects, this

act first dealt with the prevention of pollution.



History of Green Chemistry

Then the Environmental Protection Agency (EPA) 

got involved in the activities of Green Chemistry. 

This led to the invention of new technologies and 

processes to avoid the formation and or use of 

hazardous substances. 

Reactions were encouraged to be conducted in solid 

state or in green solvents of natural origin (water). 

Nobel Prize in 2005 was for Green Chemistry [Yves 

Chauvin (France), Robert Grubbs (USA) and 

Richard Schrock (USA)] for the development of 

metathesis (energetically favoured and less hazardous 

method in organic synthesis)



History of Green Chemistry

Three key developments in green 

chemistry (identified by Ryoji Noyori in 

2005) 

Ryōji Noyori - Japanese Chemist- Nobel 

Prize Winner in Chemistry-2001- Study of 

chirally catalyzed hydrogenations and 

Oxidations

The term Green Chemistry was coined 

by Paul Anastas in 1991. Paul Anastas, 

Director, Center for Green Chemistry and 

Green Engineering, Department of 

Chemistry, Yale University, USA

The term green chemistry was coined by 

Paul Anastas in 1991.



Green chemistry and 

Environmental 

Chemistry

Environmental Chemistry 

is the chemistry of the 

natural environment and 

pollutant chemicals in 

nature and their chemical 

phenomena in the 

environment. 

Green chemistry seeks to 

reduce and prevent 

pollution at its source. 

Therefore both are 

different.



Need of Green Chemistry

Developments in chemistry led to great improvement in the 

quality of life but they also led to environmental pollutions

1.   Societal Image of Chemistry has changed from a Central 

Science to a Terminator Science

Chemistry was once viewed as a field of innovation 

yielding medical developments and modern conveniences.

But now chemistry is viewed by the society as the 

science the mostly pollutes the planet-

2. Pollution due to pesticides - DDT, highly water soluble 

carbofuran, endosulphan etc. with very high decomposition 

temperature – accumulates in the animal tissues.

3. Pollution due to CFC – Used as solvents, refrigerants, and 

propellants for aerosols – Highly  unreactive and therefore 

they remain in the atmosphere for long time – In UV light, 

they react with O3 causing O3 holes.



4. Pollution due to acid rain – Due to oxides of N2 and S 

5. Pollution due to global warming- Due to the release of 

CO2, CH4, NO, CFC to the atmosphere. 

6. Pollution due to disasters 

(a). Bhopal gas tragedy: Release of MIC-death of over 25000 

people – serious injuries to over 200000 people

(b). Vietnam War – Agent Orange herbicide spray by US 

military to destroy forest cover - But the herbicide was 

contaminated by Dioxine (most dangerous carcinogenic)

(c). Europe-Thalidomide- Used by pregnant women to reduce 

the effects of nausea and vomiting – children were affected 

with acute birth defects 

(d). Love Canal disaster – Chemical dumping

(e). Photochemical Smogs (London & Los Angeles smog)



Love Canal disaster – Chemical dumping

Love Canal in Niagara Falls, NY a chemical and plastics company had 

used an old canal bed as a chemical dump from 1930s to 1950s. The land 

was then used for a new school and housing track. The chemicals leaked 

through a clay cap that sealed the dump. It was contaminated with at 

least 82 chemicals (benzene, chlorinated hydrocarbons, dioxin). Health 

effects of the people living there included: high birth defect incidence 

and siezure-inducing nervous disease among the children.

Cuyahoga River – Cleveland, Ohio

There were many things being dumped in the river such as: gasoline, oil, 

paint, and metals. The river was called "a rainbow of many different 

colors". Fires erupted on the river several times before June 22, 1969, 

when a river fire captured national attention when Time Magazine 

reported it. (Time Magazine, August 1969)



7. Pollution due to Diseases 

Minamata in Japan (from eating fish contaminated with methyl 

mercury chloride)

Itai Itai (Cd poisoning)

Methaemoglobinaemia (high concentration of nitrate ion in leafy 

vegetables due to the excessive use of nitrogen fertilisers-nitrate is 

reduced to nitrite in body-which oxidised Fe in Haemoglobin to 

Methaemoglobin which lacks oxygen carrying capacity-Lack of 

Haemoglobin caused the birth of blue babies and even neonatal deaths)

In all these contexts of environmental pollution and related diseases,

Green Chemistry plays an important role to keep the environment

clean (by preventing the pollution (formation of hazardous by

products) using appropriate methods, conditions and starting

materials), to address environmental issues in an economically

profitable view and taking these to even school class rooms and

laboratory.



12 + 12 principles of green chemistry

Paul Anastas and John C. Warner developed 12 

principles of green chemistry to cover the 

Main concepts or goals of Green Chemistry

1. The design of processes to maximize the amount of raw 

material that ends up in the product.

2. The use of safe, environment-benign substances, 

including solvents, whenever possible.

3. The design of energy efficient processes, the best form of 

waste disposal: not to create it in the first place



12 principles of Green Chemistry

1. It is better to prevent waste than to treat or clean up waste 

after it is formed.

2. Synthetic methods should be designed to maximise the 

incorporation of all materials used in the process in to the final 

product.

3. Wherever practicable, synthetic methodologies should be 

designed to use and generate substances that possess little or 

no toxicity to human health and the environment. 

4. Chemical products should be designed to preserve efficacy 

of function while reducing toxicity.

5. The use of auxiliary substances (e.g. solvents, separation 

agents, etc.) should be made unnecessary wherever possible 

and innocuous when used. 



12 principles of Green Chemistry

6.Energy requirements should be recognized for their 

environmental and economic impacts and should be 

minimized. Synthetic methods should be conducted at 

ambient temperature and pressure.

7. A raw material or feedstock should be renewable rather 

than depleting wherever technically and economically 

practicable.

8. Reduce derivatives –Unnecessary derivatization (blocking 

group, protection / deprotection, temporary modification) 

should be avoided whenever possible.

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

stoichiometric reagents. 



12 principles of Green Chemistry

10. Chemical products should be designed so that at the end of 

their function they do not persist in the environment and 

break down into harmless degradation products.

11. Analytical methodologies need to be further developed to 

allow for real-time, in-process monitoring and control prior 

to the formation of hazardous substances. The monitoring 

of chemical processes, side reactions and dangerous by-

products must be done.

12. Substances and the form of a substance used in a chemical 

process should be chosen to minimize potential for 

chemical accidents, including releases, explosions, and 

fires.



1.  Prevention

2.  Atom Economy

3.  Less Hazardous Chemical Syntheses

4.  Designing Safer Chemicals

5.  Safer Solvents and Auxiliaries

6.  Design for Energy Efficiency

7.  Use of Renewable Feedstocks

8.  Reduce Derivatives

9.  Catalysis

10.  Design for Degradation

11.  Real-time Analysis for Pollution Prevention

12.  Inherently Safer Chemistry for Accident Prevention

Twelve Principles of Green Chemistry



12 More Principles of Green Chemistry

1. Identify and quantify by-products

2. Report conversions, selectivities and productivities

3. Establish full mass balance for a process

4. Measure catalyst and solvent losses in aqueous effluent

5. Investigate basic thermochemistry

6. Anticipate heat and mass transfer limitations

7. Consult a chemical or process engineer

8. Consider the effect of the overall process on the choice of 

chemistry

9. Help develop and apply sustainability measures

10. Quantify and minimise the use of utilities

11. Recognize where safety and waste minimisation are 

incompatible.

12. Monitor, report and minimise laboratory waste emitted.



12 principles of Green Chemistry Explained
1. It is better to prevent waste than to treat or clean up

waste after it is formed.

Explanation: Here the concept is ‘prevention is better 

than cure’. One a waste is formed, it remains unreacted, 

then actually the starting materials are wasted and we 

have also spent for that wasted material. If that waste is 

not cleaned, it will create environmental pollution. How 

ever, the cleaning up of the waste after its formation is 

expensive than eve the cost of the starting materials. 

Suggestion: Carry out reactions and titrations at a lower 

concentrations (say 0.01 N) than the current 0.1 N so 

that waste formation can be reduced (Perform microscale

experiments?). But the indicator used should be able to 

show colour change at the correct end point.



2. Synthetic methods should be designed to maximize the

incorporation of all materials used in the process into the final

product.

Explanation: When one mole of the reactant starting material is 

converted fully to one mole of product, the yield is 100 %. 

% Yield = [(Actual yield to the product) / Theoretical yield] 100

A particular reaction may give 100 % yield, but it may involve a 

significant amount of by-products generation. The above  equation 

ignores the formation of by-products which is actually a waste. 

Therefore, even though the reaction gives 100 % yield, the synthesis 

cannot be considered as a Green Synthesis. For example see below;

CH3-C=O

CH3

+ CH3MgBr CH3-C-O-MgBr

CH3

CH3

H2O
CH3-C-OH

CH3

CH3

+ Mg(OH)Br

Acetone Methyl Mg Bromide tert-Butyl alcohol

1 mole, 58 g 1 mole, 74 g

1 mole, 121.2 g

BYPRODUCT-WASTE



How many biproducts? How much waste? Is it env friendly waste?

Energy requirement? Need purification steps? Solvents? Catalysts?

Epoxidation of an alkene (styrene) using a peroxyacid (100 % yield)
O O

OH

Cl

+

O

O O

OH

Cl

+

O

+

O OH

Cl

Assume 100% yield.

100% of the desired epoxide product is recovered.

100% formation of the co-product: m-chlorobenzoic acid.

A.E. of this reaction is 23%. 77% of the products are waste.

Therefore, even though the reaction gives 100 % yield, the synthesis

cannot be considered as a Green Synthesis.



Second Principle works on the basis of a number of concepts

A. Concept of Atom Economy

In a true Green Synthesis, all the atoms in the starting material

must be incorporated in to the final product so that byproducts

should not be formed as waste. This is called Atom Economy

in a Green Synthesis (Concept by Barry Trost, Stanford

University).

According to Berry Trost,

Percentage Atom Utilization = [(Mol. Wt. of desired

Product)/(Mol. Wt. of formed product + Mol. Wt. of Waste

Product)] 100

Percentage Atom Economy = [FW of atom utilised/FW of all

the reactants used in its reaction]100

(In order to find, if a particular reaction is green, the concept of atom economy was 

developed by Berry Trost of Stanford University). 



Atom Economy and various organic Syntheses

1. Atom Economy and Rearrangement Reactions

A rearrangement reaction involves only a re-organisation

of atoms, therefore all the reactant atoms are

incorporated in to the final product. Therefore it has 100

% atom economy.

Example: Claisen Rearrangement – Heating of Allyl

phenyl ether at 200 0C gives o-allyl phenol.

Percentage Atom Economy = [FW of atom utilised/FW of all the

reactants used in its reaction]100 = [134.173/134.173] 100 = 100 %

O

Heat

200 0C

O

CH2-CH=CH2

H

OH

CH2-CH=CH2

o-Allyl PhenolAllyl phenyl ether



Atom Economy and various organic Syntheses

2. Atom Economy and Addition Reactions [most preferred]

An addition reaction involves the addition of groups to a

molecule across a double or triple bond.

As the atoms or groups of atoms are added only, addition

reactions also has 100 % atom economy.

Example: Catalytic Hydrogenation

Percentage Atom Economy = [FW of atom utilised/FW of all the

reactants used in its reaction]100 = [44/44] 100 = 100 %

CH3-CH=CH 2 + H2
Ni

CH3-CH2-CH3 

Propene Propane

+ 

CH2

CH2

Butadiene Ethene Cyclohexene

Percentage Atom Economy = [FW of 

atom utilised/FW of all the reactants used 

in its reaction]100 = [82/82] 100 = 100 %



Atom Economy and various organic Syntheses

3. Atom Economy and Substitution Reactions

A substitution reaction involves the replacement of one atom 

or a group of atoms by another atom or group of atoms. As 

the atom which is replaced is not used in the final product, 

substitution reactions are less atom economical than 

rearragement or addition reactions.

LHS – black- Utilised in the product, Red –unused(C2H5O + H)

Reagent Formula = C5H10O2 + CNH5 = C6H15O2N

Reagent FW = (12X6) + (1X15) + (16X2) + (14X1) = 133

Utilised Formula = C3H5O + CH4N = C4H9NO

Utilised FW = (12X4) + (1X9) + (14X1) + (16X1) = 87

Atom Economy = [87/133]100 = 65 %

CH3-CH2-C-O-CH 2-CH3 + CH3-NH2

O

Ethyl propionate Methyl amine

CH3-CH2-C-NH-CH 3

O

HO-CH 2-CH3+ 

N-methyl propamide
(Product)

Ethyl alcohol



Atom Economy and various organic Syntheses

4. Atom Economy and Elimination Reactions

In an elimination reaction, two atoms of a group of atoms are lost

from the reactant and this results in a π bond. As the two atoms

eliminated are not incorporated in the final product, elimination

reactions will have low atom economy.

LHS – black- Utilised in the product, Red –unused(C3H11NO)

Reagent Formula = C6H16N + OH = C6H17NO

Reagent FW = (12X6) + (1X17) + (14X1) + (16X1) = 119

Utilised Formula = C3H6

Utilised FW = (12X3) + (1X6) = 42

Atom Economy = [42/119]100 = 35 %

CH3-CH

CH2-N-CH3

H

CH3

CH3

CH3-CH=CH2 + N-CH3

CH3

CH3

+ H2O
+ OH-

Heat

Trimethyl propyl 
ammonium hydroxide

Propene
(Product)

Trimethyl amine



Another elimination reaction

LHS – black- Utilised in the product, Red –unused(C3H11NO)

Reagent Formula = C4H9Br + C2H5NaO = C6H14NaOBr

Reagent FW = (12X6) + (1X14) + (23X1) + (16X1) + (80X1) = 205

Utilised Formula = C4H8, Utilised FW = (12X4) + (1X8) = 56

Atom Economy = [56/205]100 = 27 %

Thus a Green Synthesis should

(1). be atom economic 

(2). result in a nontoxic product which is easily extractable and 

purifiable without the consumption of  large amount of 

materials, 

3. consume less energy 

4. Show selectivity(chemoselectivity, regioselectivity, 

enantioselctivity and diastereoselectivity)

CH3

CH3C

Br

H3C

2-Bromo-2-methyl propane

NaOC2H5
H3C C

CH3

CH2 + C2H5OH + NaBr

2-Methyl Propene
(Product)



Atom Economy– Other Examples

Ethylene to ethylene oxide via chlorohydrin 

[chlorohydrion route]

Atom Economy  = 0.25

[Home work: Calculate AE and F factor]

CH2=CH2 + Cl2 + H2O                   Cl-CH2-CH2 -OH + HCl

Cl-CH2-CH2 -OH + Ca(OH)2                        CH2             CH2 + CaCl2  + H2O 
O

CH2=CH2 + Cl2 + Ca(OH)2  CH2             CH2 + CaCl2  + H2O 
O



5. The use of auxiliary substances (e.g. solvents, separation

agents, etc.) should be made unnecessary wherever possible

and innocuous when used.
Auxiliary substances are used in the processing and many other stages in

the manufacture but their harmful effects may be unknown. Many

solvents and CFC’s used as auxiliary substances are carcinogenic and

toxic to human beings, animals and environment.

Pfizer’s results: Solvent Replacement Guide

1. 50% reduction in chlorinated solvent use across the whole 

of their research division (more than 1600 lab based 

synthetic organic chemists, and four scale-up facilities) 

during 2004-2006.

2. Reduction in the use of an undesirable ether by 97% over 

the same two year period

3. Heptane used over hexane (more toxic) and pentane 

(much more flammable)



Preferred Useable Undesirable

Water Cyclohexane Pentane

Acetone Heptane Hexane(s)

Ethanol Toluene Di-isopropyl ether

2-Propanol Methylcyclohexane Diethyl ether

1-Propanol Methyl t-butyl ether Dichloromethane

Ethyl acetate Isooctane Dichloroethane

Isopropyl acetate Acetonitrile Chloroform

Methanol 2-MethylTHF Dimethyl formamide

Methyl ethyl ketone Tetrahydrofuran N-Methylpyrrolidinone

1-Butanol Xylenes Pyridine

t-Butanol Dimethyl sulfoxide Dimethyl acetate

Acetic acid Dioxane

Ethylene glycol Dimethoxyethane

Benzene

Carbon tetrachloride



Red Solvent Flash point (°C) Reason

Pentane -49 Very low flash point, good alternative available.

Hexane(s) -23 More toxic than the alternative heptane, classified as a HAP in the US.

Di-isopropyl ether -12 Very powerful peroxide former, good alternative ethers available.

Diethyl ether -40 Very low flash point, good alternative ethers available.

Dichloromethane n/a High volume use, regulated by EU solvent directive, classified as HAP in 
US.

Dichloroethane 15 Carcinogen, classified as a HAP in the US.

Chloroform n/a Carcinogen, classified as a HAP in the US.

Dimethyl formamide 57 Toxicity, strongly regulated by EU Solvent Directive, classified as HAP in 
the US.

N-Methylpyrrolidinone 86 Toxicity, strongly regulated by EU Solvent Directive.

Pyridine 20 Carcinogenic/mutagenic/reprotoxic (CMR) category 3 carcinogen, 
toxicity, very low threshold limit value (TLV) for worker exposures.

Dimethyl acetate 70 Toxicity, strongly regulated by EU Solvent Directive.

Dioxane 12 CMR category 3 carcinogen, classified as HAP in US.

Dimethoxyethane 0 CMR category 2 carcinogen, toxicity.

Benzene -11 Avoid use: CMR category 1 carcinogen, toxic to humans and 
environment, very low TLV (0.5 ppm), strongly regulated in EU and the 
US (HAP).

Carbon tetrachloride n/a Avoid use: CMR category 3 carcinogen, toxic, ozone depletor, banned 
under the Montreal protocol, not available for large-scale use, strongly 
regulated in the EU and the US (HAP).



Undesirable Solvent Alternative

Pentane Heptane

Hexane(s) Heptane

Di-isopropyl ether or diethyl ether 2-MeTHF or tert-butyl methyl ether

Dioxane or dimethoxyethane 2-MeTHF or tert-butyl methyl ether

Chloroform, dichloroethane or carbon 

tetrachloride

Dichloromethane

Dimethyl formamide, dimethyl 

acetamide or N-methylpyrrolidinone

Acetonitrile

Pyridine Et3N (if pyridine is used as a base)

Dichloromethane (extractions) EtOAc, MTBE, toluene, 2-MeTHF

Dichloromethane (chromatography) EtOAc/heptane

Benzene Toluene



Environmental Issues of organic solvents

1. Photochemical Ozone Creation Potential (POCP)

The highly volatile organic solvents (VOC) can produce

photochemical ozone by reacting with nitrogen oxides. This can

lead to smog formation.

2. A number of organic solvents (CHCl3, CH3Cl, CH2Cl2, 1,1,1-

trichloethane) have global warming potentials while others such as

CCl4 and1,1,1-trichloethane are ozone layer depleters.

3. Most of these solvents have low LD-50 or LC-50 values

(lethal dose or lethal concentration).

4. Organic solvents have total life cycle impacts on environment.

Total environmental footprint of solvent use = manufacturing

impacts + solvent use impacts + solvent disposal impacts.

5. Health and safety issues of solvents (carcinogenic nature, hexane

flash point is -22 0C).

It is better to use green solvents such as water and super critical CO2,

ionic liquids and the reactions can be carried out in the solid state with

out any solvent.



A. Use of water as a Green Solvent

Use of Water as a solvent is economic and helps the easy 

separation of products from by-products. 

Eg., Diels-Alder reaction of furan with Maleic acid in water 

medium 

Other Examples of reactions in aqueous medium

Pericyclic reactions, Michael addition, Wittig reaction,

Benzoin condensation etc.

[Home Work: Collect details of the above reactions in

aqueous medium]

O +

COOH

COOH

H2O

28 0C

O

COOH

COOH
Furan Maleic Acid Adduct



Use of supercritical water (SCW) as a Green Solvent

Water near its critical point (374 0C, 218 atm) has properties

different from normal water. Supercritical water has much

lower dielectric constant and very few hydrogen bonds and

lower persistence of hydrogen bonds. Also, SCW has ionic

product or dissociation constant that is three times higher than

that of normal water. The high concentration of H+ and OH-

due to this behaviour, increases its application in acid/base

catalysed reactions. Therefore, organic solvents and gases

have high solubility in SCW. Reactions carried out in SCW

medium are

1. Conversion of glucose to pyruvaldehyde, dihydroxy

acetone, fructose etc.

2. Oxidation of phenol to water and CO2.



B. Supercritical CO2 as Green Solvent

At 1 atm. pressure and room temperature

(28 0C), CO2 is a gas. It freezes at – 70 0C

to a solid which sublimes and thus cools

without wetting and is therefore called dry

ice. Dry ice when placed in a sealed tube

sublimes and thus builds up pressure. On

increasing the pressure, it becomes a liquid.

In the phase diagram of CO2, there is a

triple point (-56 0C and 5.1 atm.) at which

it exists simultaneously as a solid, liquid

and gas. At another point (31 0C and 73

atm.), it exists as a supercritical fluid. The

specialty of the supercritical state is that its

viscosity is similar to that of a gas and

density is similar to that of a liquid.

Therefore, this supercritical CO2 can be

used as a solvent to conduct many reactions



Drying of milk powder – Freeze drying]



7. A raw material or feedstock should be renewable rather 

than depleting wherever technically and economically 

practicable.

Petrochemicals can be obtained from renewable and non-

renewable resources. But as the non-renewable resources such

as coal and petroleum oil are limited and get finished with the

use, they are not regarded as sustainable in environmental

aspects. Also the formation of petroleum oil takes millions of

years. Green chemistry always suggests the realisation of

work using fuels from renewable resources such as

Jathropa, bio-ethanol by fermentation, solar energy,

CO2,CH4 (available excess) etc. But there are concerns about

these biological and renewable feed stocks also. These are the

possibilities of crop failure, time consumption and need of

land for maintaining a constant supply.



Classic Route to Ibuprofen

Ac
2
O

AlCl
3

C OC H
3

HCl, AcOH, Al W aste

ClC H
2
C O

2
Et

NaOEt

O
EtO

2
C

HCl

H
2
O / H+

OHC

Ac OH

NH
2
OH

OHNN

H
2
O / H+

HO
2
C

NH
3



Green Synthesis - Ibuprofen



Microwave Organic Synthesis
Not only thermal energy, but also photoenergy (microwave) 

(new), sono (ultrasound) energy (new), electrochemical energy 

(old) and enzymatic energy (old) for chemical reactions. 



Sonication of the matter also creates thermal energy

An ultrasonic transductor made of Quartz produces ultrasonic

waves by the principle of piezoelectric effect. The

application of equal and opposite electric charges to the

opposite faces of a quartz crystal produces contractions and

expansions of the crystal. When the charges are reversed

rapidly, the resulting vibration produces ultrasonic waves.

When these ultrasonic waves passes through a liquid medium,

its molecules also oscillate and this creates the formation and

collapse of small bubbles and this creates very high

temperature and pressure (even up to 5000 0C and 1000 bar).

The formation of such a high temperature and pressure

initiates chemical reactions.



Limitations of Green Chemistry

1. A particular  pollutant may be of high toxicity, unknown toxicity, 

chronic toxicity or carcinogenicity which are unknown 

characteristics of the pollutant. The fixing of the upper limit of 

various chemical pollutants in to various segments of the 

environment is very difficult and hence the fixing of their tolerance 

level (level of pollution that every living organism can tolerate) is 

also very difficult. 

2. Green chemistry is thought to be as an innovative way of thinking 

but on the other hand, some chemists think that green chemistry is 

no more than a public relations label. In fact, a lot of chemists use 

the term "green chemistry" independently from the green 

chemistry paradigm, as proposed by Anastas and Warner. For 

example, if a titration can be conducted at 0.001 N concentration 

rather than the usual 0.1 N, it involves Green Chemistry as it 

reduces the use of chemicals. Thus there is an uncertainty of the 

scientific status of green chemistry. 



Nano – Greek Word for Dwarf (means one billionth)

A strand of Human hair is 75000 nm across

10 hydrogen atoms side by side = 1 nm

Why do we need nanotechnology ? Nanotech bubble

A. Security and Service
1. Superior light weight smart materials (Performance to 

weight ratio must be high)

Steel Shield for soldiers replaced with Kevlar fibers which 

now being replaced with nanomaterials which can give 

better protection and monitor the health condition of 

soldiers. (multiservices).

2. Advanced computing  (quantum computing)

3. Increased situational awareness (chemical sensors )

4. Powerful Munitions (nanosized metals are more 

chemically reactive due to smaller size and high surface 

area).

5. Robotic services in daily life, bank services, Warfield (like 

C-3PO robot in starwars)



B. Healthcare
1. Better diagnostics (lab on a chip , quick neonatal  gene  

mapping, new contrast agents that float through blood)

2. Novel drugs - Nanoshells 100 nm dia float through body 

and attach only to cancer cells which when excited with a 

laser can cause heat to destroy the cell- Biocompatible 

joint replacements and artery stents which are life long 

lasting 

C. Resource 
1. Energy – Save energy by better and efficient conversion 

of electrical energy to light energy by quantum dots 

(nanocrystals of 5 nm across) – 2025 will be nanotech 

energy year

2. Water – Efficient water purification techniques  (sea water 

desalination) help third world countries to get better 

drinking water. 



Future Expectations using Nanotechnology

1. Flexible cellphone with very long battery life, (quick 

charge-slow discharge-capacitors) range everywhere.

2. GPS which is smaller and accurate

3. Faster and smaller computers

4. Great memory in small space

5. Quick and accurate DNA fingerprinting

Fabrication in Nanoscale can be done by 2 

appraoches
1. A top–down approach – Cutting down of a big object to 

small object – Less time consuming 

E.g., Microprocessor manufacturing

2. A bottom–up approach – Self assembly process – More 

time consuming  - E.g., Nanotube construction method



Lecture given by Physicist Richard Feynman at an 

American Physical Society Meeting at Caltech on 

December 29,1959: 

There is Plenty of Room at the Bottom

2. Gerd Binning  and Heinrich Rohrer (IBM Zurich 

Research lab) – created SEM.

3. Robert F Curl Jr, Harold W Kroto and Richard E 

Smalley – Discovered C60.  (0.7 nm wide) 

History of Nanoscience – Three Pioneers
1. Richard Feynman – The vision of Nanoscience

(Richard Feynman - Nobel Prize 1965 – Quantum) 

electrodynamics] 



December 29,1959 to 

December 29, 2009



Size Dependence of Properties or Unique properties 

due to Nanosize

As the physical properties are strongly dependent on the size 

of the particles of the substance, nanosystems display 

unusual physical and chemical properties.

Normally, in macroscience, composition must be changed to 

change the properties . But in nanoscience, properties can be 

changed by just varying the particles sizes to nano 

dimensions (without varying the Composition). The main 

reason for the change in properties is the considerable 

increase in surface area to volume ratio when a material 

dimension changes from macro or micro to nanodimensions. 

Owing to very high surface area to volume ratio , 

nanomaterials have better catalytic efficiency, high electrical 

conductivity, increased magnetic coercivity and super 

paramagnetism, spectral shift of optical region, high 

hardness and toughness (for metals and alloys) and 

increased permeability through biological barriers and better 



Very high surface area to volume ratio makes nanomaterials 

obey quantum physics than Newtoniam physics. 

According to Newton or classical physics, a body can pass a 

potential barrier only if it has enough energy to jump over the 

barrier. If the material has less energy than to jump, the 

probability of finding the particle on the other side of the 

barrier is null. 

But in quantum world, the probability of such a particles to 

be found on the other side of the barrier is not null if the 

energy potential is comparable to the wavelength of the 

particle. 

This is because 

(i). quantum mechanics predicts all phenomena in terms of 

probabilities

(ii). Nanomaterials are close to atoms or molecules in size, 

quantum mechanical laws are more applicable to them than 

classical mechanical laws. 



Another reason is the presence of confined electrons in 

Nanomaterials 

In nanomaterials, electrons are confined in a small space 

than in the space of the bulk material. This is quantum 

confinement. Electromagnetic waves can interact with these 

confined electrons of the nanomaterials making their optical 

properties unique. 

Nanogold Samples are not golder. Their colour varies with the  size of 

nanoparticles (Surface Palsmon Resonance)







Classification of Nanomaterials-

Classification I – Based on Origin 

1. Natural nanomaterials

Nanomaterials which are belonging to resource of nature are 

defined as natural nanomaterials. Eg: Virus, protein 

molecules, antibody, mineral clays, natural liquid colloids 

(milk and blood, fog (aerosol type), gelatine (gel type), 

mineralised natural materials, such as shells, corals and 

bones, Insect wings and opals, Spider silk, Lotus leaf and 

similar (Nasturtium,). Gecko feet, volcanic ash, ocean spray,

2. Artificial nanomaterial

Artificial nanoparticles are those which are prepared 

deliberately through a well-defined mechanical and 

fabrication process. 

Examples : Carbon nanotubes, semiconductor nanoparticles 

like quantum dots



Classification II
Nanomaterials can be organized into four types based on 

structural configuration. 

Carbon Based Materials

Metal Based Materials

Dendrimers

Composites

1. Carbon Based Materials

These nanomaterials are composed mostly of carbon,

commonly taking the form of a hollow spheres, ellipsoids, or

tubes.

Spherical and ellipsoidal carbon nanomaterials are

fullerenes, Cylindrical carbon nanomaterials are nanotubes.

Many potential applications

Improved films and coatings,

Stronger and lighter materials

Applications in electronics



2. Metal Based Materials

Include quantum dots, nanogold, nanosilver and metal oxides 

(titanium dioxide). (A quantum dot is a closely packed 

semiconductor crystal comprised of hundreds or thousands 

of atoms, and whose size is on the order of a few nanometers 

to a few hundred nanometers. Changing the size of quantum 

dots changes their optical properties

3. Dendrimers

These are nanosized polymers built from branched units. The 

surface of a dendrimer has numerous chain ends, which can 

be tailored to perform specific chemical functions (useful for 

catalysis)

As three-dimensional dendrimers contain interior cavities 

they are useful for drug delivery.

4. Composites

Composites combine nanoparticles with other nanoparticles 

or with larger, bulk-type materials. Nanosized clays, are being 

added to products ranging from auto parts to packaging 

materials, to enhance mechanical, thermal, barrier, and flame-



Classification III– Based on Dimension
Zero dimensional, one dimensional, two dimensional and 

three dimensional nano materials. 

1. Zero dimensional(0-D):These nanomaterials have Nano-

dimensions in all the three directions. Metallic nanoparticles

including gold and silver nanoparticles and semiconductor 

such as quantam dots are the perfect example of this kind of 

nanoparticles. Most of these nanoparticles are spherical in 

size and the diameter of these particles will be in the1-50 nm 

range. Cubes and polygons shapes are also found for this 

kind of nanomaterials.

2. One dimensional(1-D):In these nanostructures, one 

dimension of the nanostructure will be outside the nanometer 

range. These include nanowires, nanorods, and nanotubes. 

These materials are long (several micrometer in length), but 

with diameter of only a few nanometer. Nanowire and 

nanotubes of metals, oxides and other materials are few 



3. Two dimensional(2-D)

In this type of nanomaterials, two dimensions are outside the 

nanometer range. 

These include different kind of Nano films such as coatings 

and thin-film-multilayers, nano sheets or nano-walls. 

The area of the nano films can be large (several square  

micrometer), but the thickness is always in nano scale range

4. Three Dimensional(3-D)

All dimensions of these are outside the nano meter range. 

These include bulk materials composed of the individual 

blocks which are in the nanometer scale (1-100 nm)



Synthesis of 

nanostructures can 

be done by 2 

appraoches

1. A top–down 

approach –

Cutting down of a 

big object to small 

object – Less time 

consuming 

E.g., 

Microprocessor 

manufacturing

2. A bottom–up 

approach – Self 

assembly process 

– More time 

consuming  - E.g., 





Leaf with nanofibers

containing pesticide 

Certain leafy vegetables 

must be protected from 

insects. But the simple 

spraying of the pesticide 

may cause environmental 

pollution and other 

problems. Simple 

technique is coating the 

leave with nanofibers 

containing the pesticide. 

After its use, the nanofibers 

can be easily removed and 

the leaves can be cut for 

use.   





Nano-Bricks – A coating film that can preserve food stuff for 

long

Eco-friendly film that combines 

•Particles of montmorillonite clay

•A soil ingredient used to make bricks

•A variety of polymer materials. 

It provides a barrier to oxygen and thus prevent food spoilage

Application of the new coating to soda bottles

keep their fizz for long (months)

keep it fresh for long and increase shelf life  



Word ‘Nano ‘means a billionth (1X10-9)

The word appears to be new but actually nanostructures 

existed on earth  much before the existence of Life. For 

example;

Abalone, a Mollusc with strong shells containing nanobricks 

of CaCO3 organised using a glue made of carbohydrate-

protein mix. 



Nanolithography (from Greek -Means 

Stone Writing, lithos=stone, graphein=to 

write) -It is the art and process of

producing a picture, writing, on a flat,

specially prepared stone (or metals like 

Al, Zn), with some greasy or oily 

substance, and of taking ink impressions

from this as in ordinary printing-Like 

Making a rubber stamp
Lithography on 

limestone

Ancient Lithography - Invented in 1796 by Bavarian author 

Alois Senefilder as a cheap method of publishing theatrical 

works. It used an image drawn (etched) into a coating of wax 

or an oily substance applied to a plate of lithographic stone. 

This is used as the medium to transfer ink to a blank paper 

sheet to produce a printed image. 

http://en.wikipedia.org/wiki/File:Litography_negative_stone_and_positive_paper.jpg


In modern lithography, the image is made of

a polymer coating applied to a flexible flat

aluminum plate.

The flat surface of the plate is roughened

slightly, etched and divided into

hydrophilic regions that accept a film of

water (remains wet), and thereby repel

the greasy ink.

hydrophobic regions that repel water and

accept ink because the surface tensionis

greater on the greasy image area, which

remains dry.

The positive part of an image is a water-

repelling (ink attracting) ("hydrophobic")

substance, while the negative image is

water-retaining ("hydrophilic").

City of Words, lithograph 

Lithograph  

MAP



Thus when the plate is introduced to a compatible

printing ink and water mixture, the ink will adhere to

the positive image and the water will clean the

negative image.

Thus Lithography works because of the mutual

repulsion of oil and water. The image can be printed

directly from the plate (the orientation of the image is

reversed), or it can transfer the image onto a flexible

sheet (rubber) for printing and publication.

Thus with a flat print plate, many print runs can be

made.



Photolithography 
Photolithography generally uses a pre-fabricated 

photomask or reticle as a master from which the 

final pattern is derived. 

Photolithography is usually applied to semiconductor 

manufacturing of  microchips for fabricating 

Microelectromechanical (MEMS) systems.

Both microlithography and nanolithography can be 

applied in Photolithography.



Microlithography and nanolithography

Microlithography and nanolithographyrefer specifically to 

lithographic patterning methods capable of structuring 

material on a fine scale 

(features smaller than 10 micrometers - microlithographic)

(features smaller than 100 nanometers – nanolithographic).

Nanolithography is the branch of nanotechnology concerned 

with the study and application of fabricating nanometer-scale 

structures (includes patterns with at least one lateral 

dimension between the size of an individual atom and 

approximately 100 nm).

It is used during the fabrication of leading-edge 

semiconductor IC or nanoelectromechanical systems (NEMS).



Pattern Transfer in Photolithography

Transfer of a pattern to a photosensitive material



Lithography in the NEMS context is typically the

transfer of a pattern to a photosensitive material by

selective exposure to a radiation source such as light.

A photosensitive material is a material that

experiences a change in its physical properties when

exposed to a radiation source.

When a photosensitive material is exposed to radiation

(e.g. by masking some of the radiation) the pattern of

the radiation on the material is transferred to the

material exposed, as the properties of the exposed and

unexposed regions differs.



In lithography for micromachining, the photosensitive material 

used is typically a photoresist (also called resist, other 

photosensitive polymers are also used). 

When resist is exposed to a radiation source of a specific a 

wavelength, the chemical resistance of the resist to developer 

solution changes. 

If the resist is placed in a developer solution after selective 

exposure to a light source, it will etch away one of the two 

regions (exposed or unexposed). 

If the exposed material is etched away by the developer and 

the unexposed region is resilient, the material is considered to 

be a positive resist 

If the exposed material is resilient to the developer and the 

unexposed region is etched away, it is considered to be a 

negative resist



• Nanostructured materials: nanoparticles, 

powders, nanotubes, nanofibers,, rods, 

wires, etc.

• High Strength Composites (PMCs, CMCs, 

MMCs…)

• Multifunctional materials, self-healing 

materials

• Sensors (physical, chemical, bio)

• Nanoelectromechanical systems (NEMS)

• Batteries, fuel cells, power systems

• Thermal barrier and wear-resistant coatings

• Avionics, satellite, communication and radar   

technologies

• System Integration (nano-micro-macro)



Nanoparticles in Translational Research

Research Publications scientific 

journals

Various consumer products 

containing nanomaterials 







CQD, 10 NM











Possible Harms from Nanomaterials-Disadvantages

1. SWNT can cause lesions (any abnormality in the 

tissue of an organism)in the lungs of rats (Fatality–

15%)

2. Owing to small size, they may interact with living cells 

in unexpected ways. C60 can disrupt the membranes 

of fish brain cells. In human beings, 20 parts per 

billion concentration of lab grown C60 very dilute) 

killed 50 % of hepatic and skin cells).

Owing to the above reasons, Action Group on 

Erosion, technology and Concentration (ETC group) 

protects against nanomaterials. 

International Council on Nanotechnology (ICON) 

encourage collaboration among scientists to study 

and reduce the toxic effects of nanotechnology  





1. Application of Nanomaterials in Electronics  and Optics

Traditional light bulbs - A  metal filament is used to generate light when 

electricity is run through the filament. Using metal generates a great deal 

of heat and therefore lowers efficiency. 

Applied NanoWorks, Inc. (A New York based company )developed a 

consumer product that utilizes LED technology to generate light. LEDs, use 

only about 10% of the energy that a typical incandescenet or fluorescenet bulb 

uses. 

White LEDs consist of semi-conducting organic layers (polyfluorenes , vinyl 

carbazoles) that are only about 100 nanometers in distance from each other 

and are placed between two electrodes, which create an anode and cathod.

When voltage is applied to the system, light is generated when electricity 

passes through the two organic layers. This is called electroluminescence 

These semiconductor properties of the organic layers allow for the 

minimal amount of energy necessary to generate light.



Capacitors and Ultracapacitors

Miniaturisation Strategy in Science

A capacitor is a device that is made of a pair of electrodes separated

by an insulator that each stores an opposite charge. A capacitor

stores a charge when it is removed from the circuit that it is

connected to; the charge is released when it is replaced back into the

circuit. Capacitors have an advantage over batteries in that they release

their charge much more quickly than a battery.

Traditional or foil capacitors are composed of thin metal conducting

plates separated by an electrical insulator, which are then stacked or

rolled and placed in a casing. The problem with a traditional capacitor

such as this is that they limit how small an engineer can design a

computer.

Nanotechnology and Ultracapacitors

Ultracapacitor-Capacitor that contains nanocomponents.



Ultracapacitors - Advantages

1. High density interior

2. Compact size (the decrease in size makes it increasingly possible to

develop much smaller circuits and computers)

3. Reliability

4. High capacitance.

5. Ultracapacitors also have the capability to supplement batteries in

hybrid vehicles by providing a large amount of energy during peak

acceleration and allowing the battery to supply energy over longer

periods of time, such as during a constant driving speed. This could

decrease the size and weight of the large batteries needed in hybrid

vehicles as well as take additional stress off the battery.

Possible materials for Ultracapacitors: Porous carbon aerogel and CNT.

Porous carbon aerogel large interior surface area and can have its

properties altered by changing the pore diameter and distribution along

with adding nanosized alkali metals to alter its conductivity.







2. Applications of Nanotech in Sensors



3. Applications of Nanotechnology in Catalysis

http://home.howstuffworks.com/green-living-pictures.htm


Catalytic Converters (colloquially, "cat" or "catcon)

Device used to reduce the toxicity of exhaust emissions from 

Internal Combustion Engines 

Devised by Eugene Houdry

(French mechanical engineer & expert in catalytic oil refining)

Palladium (Pd) - Palladium is used as an Oxidation catalyst

Rhodium (Rh) - - Reduction catalyst

Cerium (Ce) - Iron (Fe) , Manganese (Mn), Nickel (Ni)





4. Nanofiltractions
Nanofiber nonwoven fabric



4. Applications of Nanotech in Biomedical Applications



The early detection of cancers and tumours before any symptoms is possible 

by this method . In cancer therapy, early detection can lead to more 

successful treatment.  Intra and extracellular synthesis of  metal 

nanoparticles using fungi, bacteria and viruses is possible by the reduction 

of metal (Gold) ions added to the cells. The cellular response towards the 

reduction of chloroaurate ions is different for normal cells (Left) and 

malignant cell (Right) . (Quantum dots also are used in diagnosis)



Drug Delivery : Nasal route of drug delivery (delivery of small 

peptides) is more effective because of better transport properties and 

lower enzymatic activity. Nanoparticle – drug system can easily cross 

the nasal epithelia. PEG or chitosan covered nanopartciles can 

circulate in the blood stream and the associated protein (drug, i.e., 

tetanus toxoid protein, will be delivered at the appropriate location in 

the body. In such cases, the absorption of the drug also was higher. 

Also, Pilocar, the ,medicine for Glucoma (eye pressure) can be slowly 

released in to the eye as per the need (using nanodrug delivery)

Similarly, nanopartcile –drug system [(polyalkylcyanoacrylate 

nanoparticles or chitosan nanoparticles-cyclosporine A can enter the 

well-organised corneal epithelium and show ocular retension and 

therefore slow delivery of the drug.  



MEDICAL application

Drug and gene delivery, artificial blood vessels, artificial

organs, and medical facemasks. For example, carbon fiber

hollow nano tubes, smaller than blood cells, have potential to

carry drugs in to blood cells

Comparison of red blood cell with nanofibers



Nanofibers and webs are capable of delivering

medicines directly to internal tissues.

Researchers have spun a fiber from a compound

naturally present in blood. This nanofiber can be used

as varieties of medical applications such as bandages

or sutures that ultimately dissolve in to body. This

nano fiber minimizes infection rate, blood lose and is

also absorbed by the body.




