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What is Nano mean’s

o The prefix nano comes from the
Greek word nanos, which means
one-billionth part of something. So,
nanotechnology can be
described as engineering and
manufacturing at the scale of @
nanometer or nanoscale
(hanometer = 10 meter).

o Examples of nano-substance are-
Atom diameter 0.15 nm, diameter
of double strand DNA 2 nm, and
cell1000 nm.




Why we can’t write and
entire the British
Encyclopaedia which

pin head

Dr. Richard P. Feynmam
29/9/1959
Nobel Prize 1965




History of Nanotechnology
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(gin| 1= Passive nanostructures (1st generation products)
‘D) a. Dispersed and contact nanostructures. EX: aerosols, colloids

b. Products incorporating nanostructures. EX: coatings; nanoparticle
reinforced composites; nanostructured metals, polymers, ceramics

2nd: Active nanostructures

a. Bio-active, health effects. Ex: targeted drugs, biodevices

b. Physico-chemical active. Ex: 3D transistors, amplifiers,
actuators, adaptive structures

3rd: Systems of nanosystems
Ex: guided assembling; 3D networking and new
hierarchical architectures, robotics, evolutionary

~ 2010 4. Molecular nanosystems
Ex: molecular devices ‘by design’,
atomic design, emerging functions

~ 2015~
2020
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102 metre =
1cm =
10 mm

10— metre =
1Tmm =
1,000 microns (um)

DNA Bacterium Large Raindrop
2.5 panometers 2.5 micrometers 2.5 millimeters
dust mite diameter long dameter

200 um
10—4 metre

0.1 mm =
100 um
—
x 100,000
re===x}-
x 100,000
human hair
10-50 um wide
Single-walled Strand of Hair House
Carbon Nanotube 100 micrometers 10 meters
1 nanometer dlameter diameter wide

red blood cells
2-5 um wide x 1,000,000 _/

f' x s
. 2B x 1,000,000

DNA \_ ‘ Nanoparticle Ant indianapolis Motor
. 4 nanometers 4 millimeters Speedway
2—-12 nm diameter diamster long 4 Wlometers per lap



oD
Nanospheres,
clusters

Quantum dots

Fullerenes

Gold nanoparticles

1D
Nanotubes,
wires., rods

<=

Metal nanorods,
Ceramic crystals

Carbon nanotubes,
Metallic nanotubes

Gold nanowires,

Polymeric nanofibers,
Self assembled structures

Fa o
2D

Thin films, plates,
layered structures

Carbon coated
nanoplates

Graphene sheets

[Layered nanomatenals

3D
Bulk NMs,

polycrystals

Polycrystalline

Dendnmer




Nanomaterial Synthesis Methods

METHODOLOGY

Physical Method Chemical Method Biological Method
Mechanical Vapour
Method Method Soleel
‘ ‘ Chemical Vapour
Deposition :
Mechanical Physical REPSsIon Using plant
Milling N aonir Colloidal Method (Stems, Leaves,
S 2ol 110 Latex, Flower,
Deposition Seeds)
r——r—lﬂ Spra olysis
iRk Using Microbes
L A (Bacteria, Fungi,
i o 43 Yeast
Sputtering Ablation Pyralysia )




Fabrication of Nanomaterials

+ 2 approaches

- bottom up approach

-top down approach Bottom Up

Top down Bottom up.

Top Down




——Bulk Nanomaterials Fabrication

1858

Plant Extract Silver Nitrate  Syntheslzed AgNPs Characterization techniques
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Equipment's for Nanoparticles

1. Homogenizer

2. Ultra Sonicator

Mi
4. Spray Milling
5. Superciritical Fluid Technology
6. Electrospray

7. Ultracentrifugation

5. NANOC ITIOnN

i)
- .



Nanoparticles

Polymeric
nanoparticle

Liposome Dendrimer Nanomicelle Polymersome

Nanogel Exosome Magnetic Carbon Gold
nanoparticle nanotube nanoparticle



Bionanomaterials

Bionanomaterials® | g
1) Biological materials utilized in

nanotechnolog
- Protei zymes, DNA, RNA, peptides

2) Synthetic nanomaterials utilized

in biomedical applications
- Polymers, porous silicon, carbon

nanotubes

Enzymes
2 are used as
oxidation
catalysts

Porous salncon (PS-) Human cell on PSi

bilocaaly st enzyme

Cross-linked enzymes used
as Catalyst Unvv. of Caonneclicut,
Storrs , 2007

Bone cell on porous silicon
Urav. of Rochester, 2007



Immobilization Protocol

Adsorption

Immoblllzatlon

methods |
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Carbon-based NPs

Silica-based NPs

Metal-based NPs |
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Medical Applications of Nanomaterials

- Nano-medicine,

- Tissue Engineering,

~ Nano-robots,

~ Advance Diagnostic, As Carrier Of Diagnostic ,

~ Bilosensor,
Biomarker,

~ Image Enhancement.
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Gene delivery

Photothermal therapy
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Contrast agents

Drug delivery —

UV/VIS/IR
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Applications of Nanomaterial
Based Products

@ Automotive industry
@ Engineering

@ Medicine

@ Cosmetics

® Textile

@ Sports

@ Chemical industry

@ Electronic industry
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Nanoproducts Marketing

1%

® Clinical diagnostics

B Medical Instrumentation

® Industrial processes control
M Veterinary / Agriculture

M Defense

M Environmental

W Research

»m Robotics

Others
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2010

Global nanotechnology market, 2010-2020

2011 2012 2013 2014 2015 2017

2019

2020
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© Nanotechnology can
actually revolutionize a lot
of electronic products,
procedures, and
applications.

© Nanotechnology can also
benefit the energy sector.
© Another industry that
can benefit from
nanotechnology is the
manufacturing sector.

© In the medical world,
nanotechnology is also
seen as a boon since these
can help with creating what
is called smart drugs.

@ Its development is the
possible loss of jobs in the
traditional farming and
manufacturing industry.

@ Atomic weapons can now be
more accessible and made to be
more powerful and more
destructive.

@ Since these particles are very
small, problems can actually
arise from the inhalation of
these

@ Minute particles, much like
the problems a person gets from
inhaling minute asbestos
particles.

@ Presently, nanotechnology is
very expensive and developing it
can cost you a lot of money.
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