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Nanochemistry: Introduction — classification of nanomaterials (0D, 1D,
2D) — size dependence of material properties (optical, electrical and
catalytic) - surface to volume ratio and its significance - application of
nanomaterials in electronics, optics, catalysis and medicine (detailed
discussion not expected).

Green Chemistry: Definition and need of green chemistry - principles
(detailed discussion not expected) - atom economy - green solvents -
green synthesis of lbuprofen.
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The Green Chemistry — Introduction

Hypothetical Reaction
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 !



Chemistry has less than perfect chemical reactions

Chemistry : Has impurities to remove, solvents to purified, hazardous
materials to manage, hazardous reaction conditions to control,
enerqgy transfer to optimise, competing reactions to avoid, by-

products to separate, and recover and etc.
A+B > C s notso 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.

Pollution Prevention Act 1990

 Pollution Prevention can be accomplished
by several approaches:
— Inventory controls.
— Process controls.
— In-process recycling.
— Housekeeping changes.
— QGreen Chemistry.



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
nprocesses to avoid the formation and or use of
nazardous 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)

Rydji Noyori - Japanese Chemist- Nobel
Prize Winner in Chemistry-2001- Study of
chirally catalyzed hydrogenations and
OxIidations

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 O, causing O, holes.




4. Pollution due to acid rain — Due to oxides of N, and S

5. Pollution due to global warming- Due to the release of
CO,, CH,, 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). Vietham 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

LLove 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, oll,
paint, and metals. The river was called "

". 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 i1s 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.



Twelve Principles of Green Chemistry

. Prevention

. Atom Economy

|ess Hazardous Chemical Syntheses
Designing Safer Chemicals

Safer Solvents and Auxiliaries

Design for Energy Efficiency

Use of Renewable Feedstocks

Reduce Derivatives

. Catalysis

10. Design for Degradation

11. Real-time Analysis for Pollution Prevention
12. Inherently Safer Chemistry for Accident Prevention
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12 More Principles of Green Chemistry

O NO O WD

9.
10.
11.

12.

Identify and quantify by-products

Report conversions, selectivities and productivities
Establish full mass balance for a process

Measure catalyst and solvent losses in aqueous effluent
Investigate basic thermochemistry

Anticipate heat and mass transfer limitations

Consult a chemical or process engineer

Consider the effect of the overall process on the choice of
chemistry

Help develop and apply sustainability measures
Quantify and minimise the use of utilities

Recognize where safety and waste minimisation are
Incompatible.

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 1s 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 CH3

H20
CH3-C=0 + CH3MgBr —— CH3-C-O-MgBr—2> CH3-C-OH + Mg(OH)Br

CH3 CH3 CH3

Acetone Methyl Mg Bromide tert-Butyl alcohol 1 mole, 121.2 g
1 mole, 58 g 1 mole, 74 g BYPRODUCT-WASTE



Epoxidation of an alkene (styrene) using a peroxy%cid (100 % vyield)

~ © “~on <
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How many biproducts? How much waste? Is it env friendly waste?
Energy requirement? Need purification steps? Solvents? Catalysts?

o
N
Cl 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 °C gives o-allyl phenol.

O/\| @ OH

| H CH2-CH=CH2>
Heat
—> CH2-CH=CH2
200 0C

Allyl phenyl ether 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 %



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
Ni
CH3-CH=CH 2 + H) ——> CH3-CH2CH3
Propene Propane

Percentage Atom Economy = [FW of atom utilised/FW of all the
reactants used in its reaction]100 = [44/44] 100 = 100 %

Y CH2
Percentage Atom Economy = [FW of
+ atom utilised/FW of all the reactants used
N\ CHZ in its reaction]100 = [82/82] 100 = 100 %

Butadiene Ethene Cyclohexen



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
rearraggment or addition reactions.

|| I

CH3-CH2-C-O-CH2-CH3 + CH3-NH2 ——» CH3-CHo-CNHCH 3 + HO-CH 2-CH3

Ethyl propionate Methyl amine N-methyl propamide Ethyl alcohol
(Product)

LHS — black- Utilised in the product, Red —unused(C,H.O + H)
Reagent Formula = C.H,,0, + CNH, = C;H,:O,N

Reagent FW = (12X6) + (1X15) + (16X2) + (14X1) = 133
Utilised Formula = C;H:0 + CH,N = C,H;NO

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

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



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 ©= bond. As the two atoms
eliminated are not incorporated in the final product, elimination
reactions will have low atom economy.

CH3
+ OH- CH3 —_
CH2-N-CH3 —— > CH3-CH=CH>2 + N-CH3 + H20
/ | Heat CH3 _—
CH3-CH
Trimethyl propyl Propene Trimethyl amine
ammonium hydroxide (Product)

LHS — black- Utilised in the product, Red —unused(C,H,;NO)
Reagent Formula = C;H,;,N + OH = C;H,;NO

Reagent FW = (12X6) + (1X17) + (14X1) + (16X1) = 119
Utilised Formula = C;H,

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

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



CH3 CH3 Another elimination reaction

| NaOC2H5
H3C C CH3Z — H3C —C =—CH2 + C2H50H + NaBr

| 2-Methyl Propene
Br (Product)
2-Bromo-2-methyl propane
LHS — black- Utilised in the product, Red —unused(C,H,;NO)
Reagent Formula = C,H¢Br + C,H:NaO = C,H,,NaOBr
Reagent FW = (12X6) + (1X14) + (23X1) + (16X1) + (80X1) = 205
Utilised Formula = C,Hg 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)



Atom Economy- Other Examples

Ethylene to ethylene oxide via chlorohydrin
[chlorohydrion route]

CH,=CH, + Cl, + HO —— CI-CH,-CH, -OH + HClI

/O\
CI-CH»-CH, -OH + Ca(OH)) ———» CH, — CH, + CaCl, + H,O

/O\
CH,=CH; + Cl; + Ca(OH); —— CH, — CH, + CaCl, + H,0

Atom Economy =0.25
[Home work: Calculate AE and F factor]



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-Methy| THF

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
UsS.

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

Et;N (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.

D.

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.

A number of organic solvents (CHCI;, CH,CI, CH,CI,, 1,1,1-
trichloethane) have global warming potentials while others such as
CCl, and1,1,1-trichloethane are ozone layer depleters.

Most of these solvents have low LD-50 or LC-50 values
(lethal dose or lethal concentration).

Organic solvents have total life cycle impacts on environment.

Total environmental footprint of solvent use = manufacturing
Impacts + solvent use impacts + solvent disposal impacts.

Health and safety issues of solvents (carcinogenic nature, hexane
flash point is -22 °C).

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

COOH
=\ ( HoO
o + | RN
ﬁ COOH 28 0C

COOF
Furan Maleic Acid Adduct COOH

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]




Use of supercritical water (SCW) as a Green Solvent
Water near its critical point (374 °C, 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 CO.,,.




B. Supercritical CO, as Green Solvent

At 1 atm. pressure and room temperature
(28 °C), CO, is a gas. It freezes at — 70 °C
to a solid which sublimes and thus cools
without wetting and Is therefore called dry
iIce. 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 CO,, there Is a
triple point (-56 °C and 5.1 atm.) at which
It exists simultaneously as a solid, liquid
and gas. At another point (31 °C 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 iIs similar to that of a liquid.
Therefore, this supercritical CO, can be
used as a solvent to conduct many reactions




Chemical Synthesis Using Liquid or
Supercritical Carbon Dioxide.

* Liquid or SC-CO, as an alternative “green”
solvent

— non-toxic, non-tflammable. inexpensive,
environmentally benign:

« Basic Physical Properties:
— solvating power similar to hexane and CCl,:
— Miscibility with gases such as H, and O,

— Can evaporate as gas on lowering to
atmospheric pressure, theretore facilitates
purification. Useful for extraction
(decaffeinated coffee).

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,
CO,,CH, (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

HCI, AcOH, Al Waste HCI AcOH
CICH ,CO, Et H, O/ H+
AICI, NaOEt
COCH
EtO,C
NH, OH

H,O/ H+
N OHN
HO,C ﬂ A\ \



Green Chemistry Alternative Synthesis of
Ibuprofen

(CH,C0),0 N H,
—. ﬁ-
,L,@ HF + CH,COOH  catalyst

OH COH

CO,Pd
—.
1% Waste

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 °C and 1000 bar).
The formation of such a high temperature and pressure
Initiates chemical reactions.




Limitations of Green Chemistry

1. Anparticular 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.

B W

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).

Advanced computing (quantum computing)

Increased situational awareness (chemical sensors )
Powerful Munitions (nanosized metals are more
chemically reactive due to smaller size and high surface
area).

Robotic services in daily life, bank services, Warfield (like
C-3PO robot in starwars)



2.

=

B. Healthcare
1.

Better diagnostics (lab on a chip , quick neonatal gene
mapping, new contrast agents that float through blood)
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

. Resource

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

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. Atop—-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



History of Nanoscience — Three Pioneers

1. Richard Feynman — The vision of Nanoscience
(Richard Feynman - Nobel Prize 1965 — Quantum)
electrodynamics]

Lecture given by Physicist Richard Feynman at an
American Physical Society Meeting at Caltech on

December 29,19509:

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



today
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Nanotechnology turns fifty

¢ been realised
y — 5 : ‘te ave been res
The predictions of Feynman, to a large extent, h

n  Dccember 29,
| 2009, we celebrat-
! ed the golden jubi-
| lce of
| Nanotechnology. It was on

this day, fifty years ago Pro-
fessor Richard P, Feynman
(Nobel Laureate, 19563) deli-
vered the celebrated talk
“There's plenty of room at the
bottom.” which predicted the
era of nanotechnolony — the
technology  ©of nanometre
scale objects.
He proposed a new kind of
T-chnoloy» by  assembling
21om by atom. in to-
srims, ‘molecular nano-
The
2. nanotechnology
itself came 1nto being i

guclii.
Feymman
wTiting the

talked zbout
entire Encyclo-
paedia Eritannica on the tip
>f a needle: he envisioned
hat one day the entire infor-
nation of the world could be
ontained inzn eavelope

He forecasted that little
notors could move within
ood vessels zand do surger-
*s, as if the surgeon has gone.
"o t2ik was talked about so
xtensively as this one in the
tstory of science, except
robably the ‘Candle light
ctures” of Faradaw

The predictions of Feyn-
an, to a large extent. have
en realised today. Since
91, we arranges atoms one at
time to create well-defined
fuCtures. Fevnman  said.
Ihe principles of physics. as
't as 1 can see, do not speak
S=inst the possib:lity of ma-

OeuvTIing things atom by
tom." A new methaodolom to
€€ and place atoms called

Canning tunnelling micros-
OPY €ame in 1981 and nu-
neTous modifications of this
ool revolutionized all

branches of science.

It is possible to direct tiny
diagrostic and therapeutic
objects into the body and
cven into specific cells. Al-
thouzh such *surgeons’ do not
travel throush the blood ves-
sels as of nuw., diagnostic and
therapeutic agzents do Single
clements of electronic stor-
ALe are now In nanoscale so
that entire libraries can be
written in hand-held devices.
Molecules have been shown
to store information.

The evolution

Itis now possible to see the
cvolution in size, shape and
--ufplurg-sofm.sth'r.
fom — as the object
AS & result, we can
probe questions such as the

Decem

THE POWER: Nanotechnology implies the

electrical conductivity of a
single DNA strand or strengti
of single chemical bonds.

When one looks at matter
cl.osely. new phenomens yre
discovered. For example, one
can make gold emitting licht
in all colours — from blue to
red! New Phenomena have
m:u.h.: natural sciences most
exciting,

Global nanotcchnulugy re-
search budget is subrstangia]
. Inthe US. alone, the pro-
Jected budget for FY 2010 is
S!.b billion. A sum of SIUi
billion was spent in this ar -.-1
in ll_u- uUs. during '_’G)()l-:()OL(;
Indian  efforts hivve  been
small, the Bovernnioeny sagt-
cd a Nano AMission (wao \x;r
ago whh an ill&‘L‘\llll\'l‘ll u?
Hs LOOOGrores in five yeapy

1 pPower to manpulate matter at the
atomic level. — PHOTO: V. SREENIVASA MURTHY 1

Nanotechnology is expect-
ol to produce gnods and ser-
vcesworth S2.6 trillionin the
T 2014 globaliy. A total of
asraut 400,000 research pa-
pers and 100,000 patents
irive already come out in the
aren. Annual research publi-
c:tions are nearly 59,000 in
2109 It grew five fold in
2HY00-2009.

Another peak?

“What would nano do to the
wirrld? Willit be another peak
in the unending chain of sci-
crtific excitements? Nano-
te-nnology implies the power
te manipulate matter at the
amic levell [tis the powerof
th . creator, as all are con-
stucted with atoms,

Ince this capability is com-

prchended fully, nothing that
matter can deliver is impos-
sible. Naturally, promises are
Plenty. It may appear like sci-
ence fiction when topics such
as single cell therapy are pro-
Posed. It is possible to repair
the molecular machinery of
life and thereby control, pre-
vent and extend biological
functions.

Materials can be made su-
per tough, super light, etc; af-
ter all carbon is the toughest
and still quite light. It may
one day be possible to harvest
all the eneregy needed for the
planet from the sun and if
more is needed, there is the
rcaction between hydrogen
and oxygen forming water.
The world may be clean and
green again. Well, nanotech-
nology does give hopes.

Thinking of such possibil-
ities, this is what is going on
in nature. All the carbohy-
drate which plants cook in
their leaves, to keep us going,
is made atom by atom, from
carbon dioxide and water, us-
ing sunlight.

In the way we convert that
food to energy and then to
work, very little wastage oc-
curs. IT biological machinery
were tobe asinefficient as our
motors, the food we produce
cannot  even  sustain one-
tenth of the population. Thus,
biology 1= nanotechnology in
perfection. y ,

Similarly best chemistry is
nanotechnology. It converts
atoms to molecules ina clg:\n
and green manner, chemists
say with high atom efficiency.
All physics is ultimately that
is done at the atomic lc\'ch
This convergence of disci-
plines at the nanometre level
is probably one of the biggest
benefits of nanotechnology.

T.PRADEEP
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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




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 qguantum 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

(1). quantum mechanics predicts all phenomena in terms of
probabilities

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

Nanoqgold Samples are not golder. Their colour varies with the size of
nanoparticles (Surface Palsmon Resonance)




Bulk (ee. Gold)

Nano (eg. Gold)

L. Lostrous-Shiny surface when polished.

2. Malleable-Can be hammered. bent or
Rolled at any desired shape.

3. Ductile—Can be drawn out info wires

4. Yellow colour when in 2 mass

5. Heat & electnicity conductor

6. High densities

7. High melting point (1080°C)

8. Toagh with high tensile strength

9. Inert-umafiacted by air and most reagents

L. Vary in appearance depending on size &
shape of claster.
2. Are pever gold in colour!.
3. Arc found in 2 renge of coloars.
4. Are verv good cazlvsis,
5. Are not —metals but are semicondecors.
6. Melts 2t relatively low temperarure (~340° CL
7. Size & Shape of the n2noparticies determines
the color.
For example; Gold pertides in glass:
25 pm — Red reflectad
50 nm — Green reflectad

(Unexpected visible properties & thev zre small




Distinction between molecules, nano-particles and bulk materials

1. Reduced Melting Point -- Nanomaterials may have a significantly lower melting
point or phase transition temperature and appreciably reduced lattice constants
(spacing between atoms is reduced), due to a huge fraction of surface atoms in the
total amount of atoms.

Ultra Hard — Mechanical properties of nanomatenals may reach the theoretical
strength, which are one or (wo orders of magnitude higher than that of single crystals
in the bulk form. The enhancement in mechanical strength is simply due to the
reduced probability of defects.

3. Optical properties of nanomaterials can be significantly different from bulk crystals.
= Semiconductor Blue Shift in adsorption and emission due to an increased band

gap-
= Metallic Nanoparticles colour changes In spectra due to surface plasmons

reSonances

[ ]

-.‘-

Magnetic properties of nanostructured matenals are distinatly differen: from that of
bulk materials. Ferromagnetism disappears and transfers 10 superparamasnetism .,
the nanometer scale duz to the huge surface energy. ‘

Electrical conductivity decreases with 2 reduced dimension due 10 increased surfzce
scattering.

‘h



Classification of Nanomaterials-
Classification | — 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 Il
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

matarinle tn anhancrae mochanical tharmal bharvriar anAd flamo



Classification lll- 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 thel-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

IAAIAA*IIIAAA A‘ IMA*AIA A\IIAIAA AIAAI A*IAAIA MA*AIFIAIA N WA e ‘AI.'



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

A bottom—-up
approach — Self
assembly process
— More time

~AaNnciiiminAn _  E ~
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|_eaf 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
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Nano-briCKs — A coating Tiim that can preserve 10od Stuilt r1or
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°)

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

Vo' aragonite
?\1 g ’J» crystal
) growth
ACI‘)IC i
PROTEIN

NSOLUBLE CONCHIOL



Nanolithography (from Greek -Means I
Stone Writing, lithos=stone, graphein=tof/
write) -1t 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 g
from this as in ordinary printing-Like Lihgraphy 0 |
Making a rubber stamp 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 i1s 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").

Lithograph
MAP

City of Words, lithograph



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 I1s used during the fabrication of leading-edge
semiconductor IC or nanoelectromechanical systems (NEMS).



Pattern Transfer in Photolithography

Top View Cross Section

Radiation

\Mﬂﬂk

— Photosengtive materal

R
R R R, {
R 'I"l '}\"1' t]-'\‘a t e
k [

Photosensitive matertals properties change
only where exposed to radiation

L LR
R,

Transfer of a pattern to a photosensitive material



Lithography in the NEMS context iIs typically the
transfer of a pattern to a photosensitive material by
selective exposure to a radiation source such as light.

A photosensitive material 1s 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



Nanot )space

-

 Nanostructured materials: nanopartlcles

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




Nanoparticles in Translational Research

Research Publications scientific Various consumer products
journals containing nanomaterials
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Cancer cell detection
‘dots” developed from coal

Costs one-twentieth of imported CQDs

Binoy K. S3 -
carbon qu é
RAHUL K,xC
GUWAIATI

A team oOf scientists in As-
sam has developed a chemi-
cal process that turns ‘dirty”
coal into a2 biomedical ‘dot’
to help detect cancer cells.

The team, led by Binoy
Kumar Saikia and Tonkes-
war Das. has applied for a
patent for their chemical
method of producing car-
bon quanturm dots (CQDs)
from cheap, abundant. low-
quality and high-sulphur

coals.

CcCQDs are carbon-based
nanomaterials whose size is
less than 10 nm, or
nanometre.

“Carbon-based nanoma-
terials are used as diagnostic
tools for bio-imaging, espe-
cially in detecting cancer
cells, for chemical sensing
and in opto-electronics. A
few chemical companies in
the U.S. and Japan have
been manufacturing CQDs.
what we have done is deve-
lop fluoréscent carbon na-
nomaiterials at one-twen-
tieth the cost of imported
CcQDs,” Mr. Saikia told The
Findu on Wednesday.

He is a scientist in the Po-
Iymer Petroleum and Coal
Chemistry Group of the
Council of Scientific & In-
dustrial Research-North
IEast Institute of Science and

i , i thg an
-spe L (=3
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by ( S =
about 300 km from
Guwahati.

The CODs that the CSIR-
NEIST team developed emit
a bluish colour with “high-
stability, good-conductivity,
low-toxicity, environmental
friendliness, and good opti-
cal properties”. The finer
details have been published
in their study published in
the Journal of Photrochernis-
try and Phorobiology.

“Our source material is
abundant, low-quality In-
dian coal not directly suita-
ble for thermal elecrtricity
production. Even if the sell-
ing price is twice our cost of
production of T50 per mli, it
will be much cheaper than
rthe imported CQDs with
market price of up to
2,000 per ml,” he said.

Scientists said CQDs are
futuristic materials whose
demand in India has been
increasing leading to a con-
siderable volume of import.
The CSIR-NEIST technology
can produce approximately
1 litre of CQDs per day at a
low cost to become an im-
port substitute.

Other advantages of the
process are the use of envi-
ronment-friendly reagents
and less water than meth-
ods elsewhere.
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safer, cheaper nuclear reactors

WASHINGTON:  Scientists, in-
cluding one of Indian origin,
have created a nanoceramic
material, which may be used
in next-generation nuclear
reactors that will operate at
higher temperatures and ra-

~ diation fields, producing en-

ergy more efficiently and
economically.

" Tougher under radiation

The material can not only

- withstand the harsh effects
' of radiation, but also be-

comes tougher under ra-

| diation, researchers said.

|

Traditionally, water has

. been used as the primary

coolant in reactors, absorb-

Traditionally, water is
used as the primary
coolant, absorbing the
heat released from

fission reactions

ing the heat released from
fission reactions.

Though water poses fewer
risks of corrosion damage to
materials, there are also
limits to the temperatures up
to which water-cooled reac-
tors can operate — and in ad-
vanced reactors, increasing
their temperature is the best
way to increase energy
production.

New coolants, such as li-
quid metals like sodium and
lead, are effective at much
higher temperatures, but
also are much more COrros-
ive to the materials from
which a nuclear reactor is
made. “There is a preferred
use of metallic materials for

. structural components, but

many of these materials can-
not withstand high-tem-
perature corrosion in ad-
vanced reactors,”  said
Kumar Sridharan, professor
at the University of Wiscon-
sin-Madisonin the U.S.
The research was pub-
lished in the journal Scien-
tific Reports. — PTI -

-

Fanoceramic’ materialfot- - -
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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%)

. 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 nanotechnolog
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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 i1s 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

High density interior

Compact size (the decrease in size makes it increasingly possible to
develop much smaller circuits and computers)

Reliability

High capacitance.

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.




Nanotechnology in computers provides the need for faster runnin

& computer processes
&l cooler temperatures than traditional, transistor-

based computer components. In traditional




Phosphors for High-Definition TV: The resolution of 2 television, or a monitor, depends
greatly on the size of the pixel. These pixels are essentially made of materigs called
“phosphors,” which glow when struck by a stream of electrons inside the cathode ray tube
(CRT). The resolution improves with a reduction in the size of the pixel, or the phosphors

Low-Cost Flat-Panel Displays: Flat-panel displays represent a huge market in the laptop

(portable) computers industry. However, Japan s leading this market, primarily because of ts
research and development efforts on the materials for such displays.

Other computing and electronic products include Flash memory chips for iPod nanos:
ultraresponsive hearing aids; antimicrobial/antibacteria coatings on mouse/keyboard/cell

phone casings; conductive inks for printed electronics for RFID/smart cards/smart packaging;
more life-like video games; and flexible displays for e-book readers,



Environment related issues

Elimination of Pollutants: Nanocrystalline materials possess extremely large grain
boundaries relative to their grain size. Hence, nanomaterials are very active in terms of their
of chemical, physical, and mechanical properties. Due to their enhanced chemical activity,
nanomaterials can be used as catalysts to react with such noxious and toxic gases as carbon
monoxide and nitrogen oxide in autamobile catalytic converters and power generation
equipment to prevent environmental pollution arising from burning gasoline and coal.

Automobiles

Automobiles with Greater Fuel Efficiency: Currently, automobile engines waste considerable
amounts of gasoline, thereby contributing to environmental pollution by not completely
combusting the fuel. A conventional spark plug is not designed to burn the gasoline
completely and efficiently. This problem is compounded by defective, or worn-out, spark
plug electrodes.

Sensors

High-Sensitiviry Sensors: Sensors employ their sensitivity to the changes in various
paramcters they arc designed to measure. The measured parameters include electrical
resistivity, chemical activity, magnetic permeability, thermal conductivity, and capacitance.



3. Applications of Nanotechnology in Catalysis

Catalysis

The extremely small size of the nanomaterials maximizes the surface area exposed to the
reactants, allowing more reactions to occur. The application ranges from fuel cell to catalytic

convertes: (nano-Pr), photocatalytic devices (e, nano-Ti0x) and for the production of
chemicals (8. nano-Ze0s in CO hydrogenation in isobutene synihesis).



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

Palladium (Pd) - Palladium is used as an Oxidation catalyst
Rhodium (Rh) - - Reduction catalyst
Cerium (Ce) - Iron (Fe) , Manganese (Mn), Nickel (N1)
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4. Nanofiltractions
Nanofiber nonwoven fabric



4. Applications of Nanotech in Biomedical Applications

Medicine

Nanotechnology has been a boon in medical field by delivering drugs to specific cells using
nanoparticles

v" One application of nanotechnology in medicine currently being developed involves
employing nanoparticles to deliver drugs, heat, light or other substances to specific
types of cells (such as cancer cells). Particles are engineered so that they are attracted
to diseased cells, which allow direct treatment of those cells. This technique reduces
damage to healthy cells in the body and allows for earlier detection of disease.

v In Therapy Techniques
Researchers have developed "nanosponges" that absorb toxins and remove them from
the bloodstream. The nanosponges are polymer nanoparticles coated with a red blood
cell membrane. The red blood cell membrane allows the nanosponges to travel freely
in the bloodstream and attract the toxins.

v" Researchers have demonstrated a way to use nanoparticles for early diagnosis of
infectious disease.

v" Nanotechnology can also help to reproduce or to repair damaged tissue. “Tissue
engineering” might replace today's conventional treatments like organ transplants or
artificial implants. For example, bones can be regrown on carbon nanotube scaffolds.



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)

Nuclear S = «n - a7~
membrang. - = . &

Cellular == -
membrane =4
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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.
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