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Abstarct— Nanotechnology is the engineering of functional
systems at the molecular scale.Nanotechnology is the
manipulation of matter at a molecular or atomic leel in order to
produce novel materials and devices with new extradinary
properties. However, nanotechnology is not a new stiipline. It is
rather the merging of multiple scientific disciplines (biology,
physics, chemistry, medicine and engineering) and he
combination of knowledge to tailor materials at thenanoscale;
approximately in the range of 1-100 nanometers (10D m).
Nanotechnology is closely related to Nanosciencehet basic
theoretical and experimental study of matter at thenanoscale
before applying the acquired knowledge for device
manufacturing. But the question is why Nanotechnolgy is so
innovative and revolutionary? The answer lies in quatum
mechanics. The behavior of matter changes signifindy when
the surface area to volume ratio increases so drartically.
Classical physics no longer control the behavior athe material
which is now under the control of quantum laws. Thisfact gives
the nano-structured material new abilities and progrties that
may be more favorable than the ones of the bulk matial
version. A good example is that some polymers, atthgh being
insulators in the bulk form, they become semiconduors at the
nanoscale. Nanotechnology is the engineering of fctional
systems at the molecular scale. This covers both cant work
and concepts that are more advanced. In its origal sense,
‘nanotechnology’ refers to the projected ability toconstruct items
from the bottom up, using techniques and tools being developed
today to make complete, high performance products.
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| INTRODUCTION

Basic definitions

Definition — What is nanotechnology? Truly revabmiary
nanotechnology products, materials and applicatisash as
nanorobotics, are years in the future (some say anfew
years; some say many years). What qualifies
"nanotechnology" today is basic research and devedmt
that is happening in laboratories all over the wdorl
"Nanotechnology" products that are on the markdayoare
mostly gradually improved products (using evoludion
nanotechnology) where some form of nanotechnologplked
material (such as carbon nanotubes, nanocompdsiietses
or nanoparticles of a particular substance) or tenimology
process (e.g. nanopatterning or quantum dots fodiaak
imaging) is used in the manufacturing process. Heirt
ongoing quest to improve existing products by dngat
smaller components and better performance matedhlat a
lower cost, the number of companies that will maatire
"nanoproducts” (by this definition) will grow verfast and

soon make up the majority of all companies acrossiym
industries. Evolutionary nanotechnology should ¢fene be
viewed as a process that gradually will affect moashpanies
and industries.

Fig 1 Impact of nanotechnology on various fields.

Example: The biological and medical research conitias
have exploited the unique properties of nanomdseriar
various applications (e.g., contrast agents fdricelging and
therapeutics for treating cancer). Terms such aséidical
nanotechnology, nanobiotechnology, and nanomedieire
used to describe this hybrid field. Functionalittes) be added
to nanomaterials by interfacing them with biologica
molecules or structures. The size of nanomateigagnilar to
that of most biological molecules and structurdseréfore,
nanomaterials can be useful for both in vivo andviino
biomedical research and applications.

“Nano” — From the Greek word for “dwarf” and meat®-9,
or one-billionth. Here it refers to one-billiontt ® meter, or 1

nanometer (nm). 1 nanometer is about 3 atoms long.

“Nanotechnology” — Building and using materials, devices
and machines at the nanometer (atomic/moleculaa)esc
making use of unique properties that occur forcétmes at

athose small dimensions. How small is a nanometan@ 6ther

small sizes) Start with a centimeter, A centimétesbout the
size of a bean. Now divide it into 10 equal pdgsch part is a
millimeter long. About the size of a flea. Now diei that into
10 equal parts. Each part is 100 micrometers |égut the
size (width) of a human hair. Now divide that irit®0 equal
parts. Each part is a micrometer long. About thee f a
bacterium. Now divide that into 10 equal parts.Epart is a
100 nanometers long. About the size of a virusalirdivide
that into 100 equal parts. Each part is a nanomAtssut the
size of a few atoms or a small molecule. Most atersi
nanotechnology to be technology at sub-micron sdal0’s
of nanometers. Exact definition of nanotechnolagpat clear
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Why is Small Good?Because it is Faster Lighter, Can get
into small spaces, Cheaper, More energy efficient,

melting point of a gold as a function of
gold particle particle
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Fig-2 melting point of a gold as a function of gplaiticle

I GRAPHS SHOWING EXPERIMENTAL RESULTS

Dy 1= Passive nanostructures
03| a- Dispersed sndconfactnanosfmm‘urés Ex: aerosols, colloids

(1% generation products)

Ex: coatings; nanop

b. Products i
@ reinforced composites; nanostructured metals, polymers, ceramics

~ 2000 1% 2nd: Active nanostructures
i a. Bio-active, health sffects. Ex: targeted drugs, biodevices
B b. Physico-chemical active. Ex: 3D transistors, amplifiers,
actuators, adaptive structures

~ 2005 3+ Systems of nanosystems 1

Ex: guided assembling; 3D nefworking and new
i i it roboics, i

Ex: nwkeeulm' dwaws 'by desqn
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~ 2010 ‘ 4% Molecular nanosystems

Fig 3, nanotechnology can refer to measuremenisaaiization at the scale
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Fig 4 , Introduction to Nanotechnology Structunmew that you have an idea
of how small a scale nanotechnologists work witinsider the challenge they
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Fig 5 ,Micro and Nano Technologies and Systems
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Fig 6, 3 Month Graphene Nano Share Price Graph

Dominant News Media Frame

Fig 7, Nanotechnology in the news
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Fig 8, Gaussian fitting is reported in each grbplned curves.
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Fig 9 ,e) Atypical DLS graph of the Fe304 naamtigles in (d).
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Fig 10, GLOBAL NANOTECHNOLOGY MARKET, 2007-2013
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Fig 12, Efficiency graph

Electonic Industry

fig 13, research for fabrication of nano electcatevices .

capable of creating features smaller than 100 alindg under
the definition of nanotechnology. Giant magnet@tsice-
based hard drives already on the market fit thecdption, as
do atomic layer deposition (ALD) techniques.

(iiFunctional approacheshese seek to develop components
of a desired functionality without regard to hoveytmight be
assembled. Synthetic chemical methods can alsaséé to
create synthetic molecular motors, such as in @afied
nanocar.

(iv)Biomimetic approachd&¥onics or biomimicry seeks to
apply biological methods and systems found in matto the
study and design of engineering systems and modern
technology.

1] TOOLS AND TECHNIQUES OF NANO
TECHNOLOGY

Typical AFM setup. A microfabricated cantilever i sharp
tip is deflected by features on a sample surfaceshntike in a
phonograph but on a much smaller scale. A lasenbeflects
off the backside of the cantilever into a set obtplletectors,
allowing the deflection to be measured and asseirible an
image of the surface.There are several importantiemo
developments. The atomic force microscope (AFM) #rel
Scanning Tunneling Microscope (STM) are two eadysions
of scanning probes that launched nanotechnologgreThare
other types of scanning probe microscopy. Although
conceptually similar to the scanning confocal mscape

Fundamental concepts:Nanotechnology is the engineering developed by Marvin Minsky in 1961 and the scanning

of functional systems at the molecular scale. Oaeometer
(nm) is one billionth, or 10-9, of a meter. By campon,
typical carbon-carbon bond lengths, or the spadiatyveen
these atoms in a molecule, are in the range 0.13-+m, and
a DNA double-helix has a diameter around 2 nm. l@nather
hand, the smallest cellular life-forms, the baetef the genus
Mycoplasma, are around 200 nm in length. By corigent
nanotechnology is taken as the scale range 1 to rA0
following the definition used by the National Naactinology
Initiative in the USTwo main approaches are used in
nanotechnology.In the"bottom-up" approach, materials and
devices are built from molecular components whisteable
themselves chemically by principles of molecularogmnition.

acoustic microscope (SAM) developed by Calvin Quatd
coworkers in the 1970s, newer scanning probe niomss
have much higher resolution, since they are naitdinby the
wavelength of sound or light. The tip of a scagnimobe can
also be used to manipulate nanostructures (a pocaed
positional assembly). Feature-oriented scanninghoaetiogy
suggested by Rostislav Lapshin appears to be aigirgway
to implement these nanomanipulations in automataden
However, this is still a slow process because of $ganning

velocity of the microscope. Various techniques of
nanolithography such as optical lithography, X-ray
lithography dip pen nanolithography, electron beam

lithography or nanoimprint lithography were alsoveleped.

In the "top-down" approach, nano-objects are constructed.ithography is a top-down fabrication technique veha bulk

from larger entities without atomic-level control.

material is reduced in size to nanoscale pattemti#er group

(i)Bottom-up approaches These seek to arrange smallerof nanotechnological techniques include those used

components into more complex assemblie®NA

nanotechnology utilizes the specificity of Watsonelc

basepairing to construct well-defined structures @uDNA

and other nucleic acids. Approaches from the field of
“classical" chemical
synthesis) also aim at designing molecules with-defined
shape (e.g. bis-peptides

fabrication of nanotubes and nanowires, those used
semiconductor fabrication such as deep ultraviolet
lithography, electron beam lithography, focused io@am
machining, nanoimprint lithography, atomic layempdsition,

synthesis (inorganic and oigan and molecular vapor deposition, and further inaigdi

molecular self-assembly techniques such as thoggogmg
di-block copolymers. The precursors of these teqes

(i) Top-down approacheBhese seek to create smaller devicespreceded the nanotech era, and are extensions én th
by using larger ones to direct their assembly. Manylevelopment of scientific advancements rather thahniques

technologies that descended from conventional -sbéite
silicon methods for fabricating microprocessors a@w

which were devised with the sole purpose of creatin
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nanotechnology and which were results of nanotdolgyo
research.
IV EXAMPLES

Example-1:
around us and in this example, two very commonenls,

gelatin and milk, are two of these nanomaterialdk,Ms we

know, is white and its appearance is connectela@tesence
of numerous proteins which are selfassembled ircipe
nanostructures, called casein micelles, 50-300 mnsiZe.

When milk is heated and an acid such as vinegaddegd, this
molecular organisation is disrupted and milk aggoates and
a ‘curd’ precipitate forms. Interestingly, if tharee procedure
is carried out using cold milk, only thickening ocs, no

precipitate is formed. This is due to the fact tie stability
of casein micelles in milk is due to both electatist and
hydrophobic interactions: therefore, depending e degree
of disruption of these interactions different effecare
obtained. Overall, the experiment will show how e@@nce
(colour, odour) and function of a material suchraik is

profoundly connected to its molecular supra-orgaios

(nanostructures). By altering this organisationy meaterials
are obtained (in the example of milk processingséhare
cheese, yogurt, etc.). This is a fundamental canasp
nanoscience.

is a change of colour. This experiment will showotw
fundamental concepts: (a) that the way a mategahbes at
the macroscale depends on its structure at thesoale and
(b) that the nanoscale, liquid crystals are sedeawled

There are numerous natural nanomaterialsnolecules that organise themselves into nanostestwhich

have specific optical properties.

RESULT:Understanding of concept of self-
assemblyUnderstanding that the way a material e=havthe
macroscale is affected by its structureat the nzales
Learning about liquid crystals and how they worksfireg a
real thermotropic liquid crystal and see how itbao changes
with temperature Creating a liquid crystal thermtene
Therefore, this colour change is a direct consequea of a
change in the self-organisation of the liquid crystl
molecules.

The molecules in a liquid crystal are often shaliezirods or
plates or some other forms that encourage thenaligm
collectively along a certain direction

RESULT: Existence of natural nanomaterials: gelatin and

milk as examples of natural colloids. Light inteian with
colloids  .Protein  self-assembly into
Relationship between the ‘macro’ properties (calaamell,
taste, consistency) of milk and its molecular sticee and how
these can be manipulated to obtain different prisd(aheese,
yogurt, etc.)

THIS EXAMPLE TEACHES ABOUT
NANOTECHNOLOGY? TWO FUNDAMENTAL
CONCEPTS. Structure means appearancematerials in the
‘real’ natural world, such as milk, appear as theybecause
of the fine nanostructures they possess. Milk igavbecause
it contains colloidal nanoparticles (micelles)tHé structure of
these micelles is altered, some of the ‘macro’ progs of
milk such as theolour andodour will be changedStructure
means function: natural materials have very specific
functions which are dictated by the fine supra-argation of
their molecules (nanostructures). If this structisr@ltered, a
material with a new function can be produced. Ireade
production, altering the casein micelles throughecsic
processes (e.g. chymosin treatment or lactic acidtebia
fermentation) leads to different products (chegegurt, etc.).
This is exactly the concept of nanotechnologies
EXAMPLE-2: There are hundreds of examples of
nanoscience under our eyes dailyfrom geckos that walk
upside down on a ceiling, apparently against gyavib
butterflies with iridescent colours, to firefliebat glow at
night. Liquid crystals (LCs) are an examples#if-assembled

nanostructure

éiigure 1: Examples of the self-organisation of amstric (i.e. with

asymmetrical parts) molecules in liquid-crystallpteases:

(left) rod-like molecules form a nematic liquid, which the
longitudinal axes of the molecules are aligned IlpEréo a
common preferred direction (director); (right) dlde
(discotic) molecules arrangedinto molecule-staadufnns),
in which the longitudinal axes are also alignedapal to the
director. As a result of their orientational ordiégguid crystals
exhibit anisotropic physical properties, just likgstals.

A liquid crystal is formed by the self-assembly ofmolecules
into ordered structures, called phases. An external
disturbance, such as a change in temperature anatiadield,
even very small, can induce the liquid crystalsagsume a
different phase. The molecules in liquid crystapdays, for
instance, are reoriented by relatively weak eleatrifields.
Different phases can be distinguished by theiredéiit optical
properties Figure 2).

byl ""‘sﬁl,
e /2 3{
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Figure2: Schematic representation of moleculessolia (left, molecules are
well organised);

molecules that are sensitive to external factors, such as

temperature, and that change their assembly assegoence
of these variations. The effect in some typesaiitl crystals

in a liquid crystal (centre) molecules have a lormge
distance order); and in a liquid (right) moleculase not
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ordered Liquid crystals (LCs) are divided into three
groups: thermotropic liquid crystals consist of organic
molecules, typically having coupleddouble bondsl arhibit
a phase transition as temperature is changigdie 3, left),
lyotropic liquid crystals consist of organic molecules,
typically hydrophilic (water-loving) and exhibit ghase

transition as a

function of both

concentrationof the liquid crystal molecules in alvent
(typically water) Figure 3, right),

metallotropic liquid crystals are composed of both organic
and inorganic molecules,and their liquid crystedngition
depends not only on temperature and concentratibalso on
the organic-inorganic composition ratio.This examhows
study the properties ofthermotropic liquid crystal meaning
that its properties change \{vith changes iq tempezat

S
S S
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Figure 3:Figure 3: (left) Chemical structure of M+fiethoxybenzylidene)-4-
butylaniline (MBBA);

(right) structure of lyotropic liquid crystal: (13 a bilayer and
(2) is a micelle (the red heads of the surfactaoteoules are
in contact with water, whereas the tails are imerm olil
(blue).

VI. CONCLUSION

In this paper some examples and it results shows remo
science is used in different fields.how nano tebbmy is
superior to previoudNanotechnology research can contribute
to solving future needs for energy technologiepeeglly in

new generations of solar

photovoltaics, the hydnoge

economy, more efficient conventional energy proiductind
energy saving for industry as well as consumers.
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