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History

The first ever concept was presented
in 1959 by the famous professor of
physics Dr. Richard P.Feynman.

Invention of the  scanning
tunneling microscope in 1981 and
the discovery of fullerene(C60) in

1985 lead to the emergence

of nanotechnology.

The term “Nano-technology” had
been coined by Norio Taniguchi in
1974

THERE'S PLENTY
OF
ROOM AT THE
BOTTOM
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A nanometer is 102 meter
(0.000000001 m)




PERSON (~6ft tall)
2 billion nm

APPLE (~8cm)
80 million nm

ANT (~5mm)
5 million nm

100,000 nm (.1 mm)

diameter of
a HUMAN
HAIR
75,000 nm

smallest the
EYE CAN SEE
10,000 nm

100 nm (.001 mm)

e. coli
BACTERIA
2,000 nm

BUCKYBALL
inm

diameter of a
CARBON
NANOTUBE

1.3 nm
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The Scale of Things - Nanometers and More

>
Things Natural

U

e

Hurmen hair
~B0-120 pm wide

Red bhod call
withwhits call
~2-5 pm

~2-12 nm diameter

Atome ofsilicon
spacing ~tenths of nm

-=— Microworld —

-=— Nanoworld —

10 m

10°m

-

=)
*

3

104 m

10 m

10" m

10 m

10-°m

1cm
10 mm

1,000,000 ranometera =
1 millimeter [mmi

Merowave

]

100 pm

001 mm
10 pm

hfared

1,000 mnomeers =
1 mizromeder [

isible

01 pm
00 nm

Ulgavicle

| 001 pm
10 nm

1 mnomeer (nmi

Soiv)-ny

01 nm

Quntumcorralofd4Sironatome oncopper aufacs

Things Manmade

Haad ofa pin

1-2 mm

The Challenge

MizroEkctroMachanical
[MENS devicea
10-100 pm wide

Pollen gan
Red blood cells "

Zome pbts x-ay “Bre”
Quter rirg spacihg ~35nm

Falnicate and condrine
sanosmiednuiding
Diocks to wale usefid
devices, ég a
Phobosyrictc yacion
CoNTeY WIR Inteprel
sengconduciow sEme pe.

S f-azaembled,
Nature-ire pired atrocture
Many 10s of nm

buzkytsll

a ¥ ~{ hm
sy diameter

Carbon remotubs

~1.3 nm diameter

poaitionad ons ata time withan STM tip
Conal demeter 14nm
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Nanostructure
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Size
aaall

Radius:
1-10 nm

Radius:
1-100 nm

Diameter:

1-100 nm

Diameter:

1-100 nm

Example Material or

Application
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Properties FExamples

Catalytic Better catalytic efficiency through higher surface-to-volume
ratio

Electrical Increased electrical conductivity in ceramics and magnetic
nanocomposites, increased electric resistance in metals

Magnetic Increased magnetic coercivity up to a critical grain size,
superparamagnetic behaviour

Mechanical Improved hardness and toughness of metals and alloys,
ductility and superplasticity of ceramic

Optical Spectral shift of optical absorbtion and fluorescence properties,
increased quantum efficiency of semiconductor crystals

Sterical Increased selectivity, hollow spheres for specific drug
transportation and controlled release

Biological Increased permeability through biological barriers

(membranes. blood-brain barrier, etc.). improved biocom-

patibility




Automotive industry

Chemical industry

Engineering

o lightweight e fillers for pant systems|e wear protection for
construction e coating systems based | tools and machines

e painting (fillers, base on nanocomposites (anti blocking coatings,
coat, clear coat) e impregnation of papers | scratch resistant

e catalysts = switchable adhesives coatings on plastic

e tires (fillers) e magnetic fluids parts, etc.)

® SENSOrs & lubricant-free bearings

e Coatings for wind-
screen and car bodies

Electronic industry Construction Medicine

e data memory (MRAM, | construction materials |® diug delivery systems
GMR-HD) e thermal insulation ® active agents

+ displays (OLED, FED) |e flame retardants e contrast medium

e laser diodes o surface-functionalised |* medical rapid tests

e glass fibres building materials for |e prostheses and

e optical switches wood, floors, stone, implants

» filters (IR-blocking) facades, tiles, roof e antimicrobial agents

+» conductive, antistatic tiles, ete. and coatings
coatings e facade coatings & agents in cancer

. therapy

Zroowvc mortar




Textile/fabrics/non- |Energy Cosmetics

wovens o fuel cells s sun protection

» surface-processed * solar cells e lipsticks
textiles » batteries e skin creams

» smart clothes ® capacitors s tooth paste

Food and drinks Household Sports /outdoor

s package materials

s storage life sensors

e additives

e clarification of fruit
Juices

 ceramic coatings for
1rons

» odors catalyst

o cleaner for glass,
ceramie, floor,
windows

e ski wax

e antifogging of
glasses/goggles

e antifouling coatings
for ships/boats

e remforced tennis
rackets and balls

Table 5: Overview on applications of nanomaterial based products in different areas




Traditional Approach

Degree Project Approach

EB = Ethyloenzene Hy
§ = Styrene

—! Process

« Mass Balances
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Physical/chemical properties can change as
we approach the nano-scale

Melting point of gold particles Fluorescence of semiconductor
nanocrystals

1100, GdSe Nanocrystal

1000
900-
800-
700-
600-
5001
400
300]
200
1001

or—TTTrr 77T 7T T 71 1

.

M(‘]t[- l),{r
> P ();',1 ¢

Melting Point [°C]

Particle Radius [nm]

K. J. Klabunde, 2001 M. Bawendi, MIT: web.mit.edu/chemistry/nanocluster
Evident, Inc.: www.evidenttech.com

By controlling nano-scale (1) composition, (2) size, and (3) shape, we
can
create new materials with new properties > New technologies




Nanotechnology is estimated to become a

trillion dollar market by ~2010 Areas in which
nanotechnologies are expected to impact our
everyday lives:

 Electronics

* Photonics
(communications &
computing using photons)

« Mechanical engineering
* Aerospace
* Environmental

. remediation
* Information storage » Pharmaceuticals & drug
* Energy storage/transport delivery

Materials engineering

_  Biotechnology -- CdSe
Textiles

nanocrystals
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Total Surface Area
6cm’

Tolal Surlace Area
b0 cm’
{all 1 mm cubes) Total Surface Aren
60,000,000 cm’

1RlInm cubes)




Number of Cubes
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Area m?

Relationship between the number of cubes from a 1-m cube and
the surface area produced.
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SYNTHESIS OF NANOMETER-SCALE MATERIALS

Just being below the 100-nm mark is not enough,

and the synthesis parameters must be controlled so
that the following

conditions

are met:

(1) Identical NPs are made every time (i.e., same
diameter and shape);

(2) they have the same morphology;

(3) the same crystal and chemical bonding occurs
whether on the surface or inside the NPs; and

(4) the synthesis process must be stable. If these four
conditions are met, then the synthetic process can be
considered as reproducible and is a reliable
technique.



Tools & Technology
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Carbon Nanotube

Carbon nanotubes are allotropes of carbon
with a cylindrical nanostructure.

They have length-to-diameter ratio of up to
132,000,000:1.

Nanotubes are members of the fullerene structural famiilzy. Their name is
derived from their long, hollow structure with the walls formed by one-atom-
thick sheets of carbon, called graphene.

Properties

Highest strength to weight ratio, helps
in creating /ight weight spacecrafts.

Easily penetrate membranes such as
cell walls. Helps in cancer treatment.

Electrical resistance changes significantly when other molecules attach
themselves to the carbon atoms. Helps in developing sensors that can
detect chemical vapours.



Carbon Nanotube

Application
. Easton-Bell Sports, Inc. using CNT in
making bicycle component.

. Zyvex Technologies using CNT for
manufacturing of light weight boats.

Replacing transistors from the silicon
chips as they are small and emits less
heat.

. In electric cables and wires

. In solar cells

. In fabrics



Nanorods(quantum dots)

Nanorods are one morphology of nanoscale
objects.

Dimensions range from 1-100 nm.

They may be synthesized from metals or semiconducting
materials.

A combination of ligands act as shape control agents and
bond to different facets of the nanorod with different
strengths. This allows different faces of the nanorod to
grow at different rates, producing an elongated object.

USES:

In display technologies, because the reflectivity of the
rods can be changed by changing their orientation with
an applied electric field.

In microelectromechanical systems (MEMS).

In cancer therapeutics.




Nanobots

Close to the scale of 10-°.
Largely in R&d phase .

Nanobots of 1.5 nanometers across, capable
of counting specific molecules in a chemical sample.

Since nanorobots would be microscopic in size, it would probably be necessary for
very large numbers of them to work together to perform microscopic and
macroscopic tasks.

Capable of replication using environmental resources .
Application:
Detection of toxic components in
environment.

In drug delivery.

Biomedical instrumention.




Synthesis of metal nanoparticles

= Bottom up method--assemble atoms
to nanostructures

1. Nanosphere lithography.

2. Templating, chemical,
electrochemical, sonochemical, thermal
and photochemical reduction techniques.

= Top down method--cut into pieces in
nanoscale

1. Photolithography
2. Electron beam lithography



Materials used

Zinc oxide:

. Dirt repellent, hydrophobic , cosmetics & stain
resistant.

Silver ion:
. Healing property

Aluminum silicate:
. Scratch resistance

Gold ion:
. Chip fabrication, drug delivery.
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Small photonic crystals: titanium dioxide micro-
sphere 1-50 um in diameter





http://www.azonano.com/details.asp?ArticleID=1466

Nanotechnology in
Drugs(Cancer)

Provide new options for drug delivery and drug therapies.

Enable drugs to be delivered to precisely the right location
in the body and release drug doses on

a predetermined schedule for optimal treatment.
Attach the drug to a nanosized carrier.

They become localized at the disease site, i.e cancer
tumour.

Then they release medicine that kills the tumour.

Current treatment is through radiotherapy or
chemotherapy.

Nanobots can clear the blockage in arteries.




Nanotechnology in Fabrics

The properties of familiar materials are
being changed by manufacturers who are
adding nano-sized components to
conventional materials to improve

performance.

For example, some clothing
manufacturers are making water and o
stain repellent clothing using nano- y 2\
sized whiskers in the fabric that cause 4 |

water to bead up on the surface.

In manufacturing bullet proof jackets.

Making spill & dirt resistant,
antimicrobial, antibacterial fabrics.



Nanotechnology in Mobile

= Morph, a nanotechnology concept device
developed by Nokia Research Center (NRC) and
the University of Cambridge (UK). |

= The Morph will be super hydrophobic making
it extremely dirt repellent.

= It will be able to charge itself from available light sources using
photovoltaic nanowire grass covering it's surface.

= Nanoscale electronics also allow stretching. Nokia envisage that a
nanoscale mesh of fibers will allow our mobile devices to be bent,
stretched and folded into any number of conceivable shapes.



Nanotechnology in Electronics

= Electrodes made from nanowires enable
flat panel displays to be flexible as well
as thinner than current flat panel
displays.

= Nanolithography is used for
fabrication of chips.

= The transistors are made of
nanowires, that are assembled on
glass or thin films of flexible plastic.

« E-paper, displays on sunglasses and
map on car windshields.

Transistor array regions



Other uses

= Cutting tools made of nanocrystalline materials, such as tungsten
carbide, tantalum carbide and titanium carbide, are more wear and
erosion-resistant, and last longer than their conventional
counterparts.

= Silver nanocrystals have been embedded in bandages to kill bacteria
and prevent infection.

= Nanoparticulate-based synthetic bone
= Formed by manipulating calcium and phosphate at the molecular level.

= Aerogels lightest known solid due to good insulating properties is
used in space suits and are proposed to use in space craft.



Nanomaterials For Waste-water Treatment and

Overview:

Water Disinfection

Water Treatment application of
Manomaterials

tes

=

Carbon nanomaterials (CNMs) for
sorption of heavy metals

‘.' : N ;

heavy rmmetals

« Carbon nanomaterials {CNMs) for sorption of

« Silver and copper nanopanrticles for disinfection
« Namnoscale zero-valent ron (NZVI) for
degradation of organic pollutants

Silver and Copper Nanoparticles for
Water disinfection
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- - - Gaussian fit
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(a and b) TEM photographs of n-Ti0; synthesized respectively using Lactobacillus sp. and yeast. The inset in A and B are the deposition of n-Ti0O,. (c and d) Particle size
distribution (%). (e and f) SAED patterns of n-TiO, (upper: Lactobacillus assisted and lower: yeast assisted synthesis).



Possibilities for the future

= Nanotechnology may make it possible to manufacture lighter,
stronger, and programmable materials that

= require less energy to produce than conventional material

»« and that promise greater fuel efficiency in land transportation,
ships, aircraft, and space vehicles.

The future of nanotechnology could very well include the use of
nanorobotics.

These nanorobots have the potential to take on human tasks as well
as tasks that humans could never complete. The rebuilding of the
depleted ozone layer could potentially be able to be performed.



Pltfalls of nanotechnology

Nano-particles can get into the body through the skin, lungs and
dlgestlve system, thus creating free radicals that can cause cell
damage.

= Once nano-particles are in the bloodstream, they will be able to
cross the blood-brain barrier.

= The most dangerous Nano-application use for military purposes is
the Nano-bomb that contain engineered self multiplying deadly
viruses that can continue to wipe out a community, country or
even a civilization.

=« Nanobots because of their replicating behavior can be big threat
for GRAY GOO.



= Nanosphere lithography
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s Citrate Reduction Method

Turkevitch in 1951

sodium citrate + HAuCl,



= WO Phase Reactions
s Inverse Micelles

General idea of chemical method:
reduction + capping



Synthesis of gold nanorods

s Seed-mediated method

= Two steps: produce seed particles + seed
grow into rod

C. J. Murphy, T. K. Sau, A. M. Gole, C. J. Orendorff. J. L. Gou, S. E. Hunyadi, T. Li, J.
Phys. Chem. B 2005, 109, 13857-13870



I. Synthesis of seed Gold nanoparticle seeds

2.5x 10* M HAuCI, + (~ 4nm diameter)
2.5 x 10* M Na-citrate

0.6 mL 0.1 M
é ¥ |ce-cold aq NaBH,; :> ﬂ

Il. Stock solution - Reduction
Addition of of Au® to
Stock solution Ascorbic acid Au™ results
25x10*MHAuCl, = |:> in disappearance
+ 0.1 M CTAB of color
-/
Il. Three step protocol for nanorod synthesis
Step C
Q Sstep A Step B
0
SN =
1 mL seed + TmLA+
9 mL of stock 9 mL of stock
solution solution 10mL B+

90 mL stock



= Factors related to the growth
1. Seed size

2. Length of “tails” of CTAB
(cetyltrimethylammonium bromide )
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dependence of nanorod aspect ratio on seed size
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Growth mechanism of gold nanorods
“Zipping” fashion formation of gold nanorods




Growth mechanism of gold nanorods

STEP 1: SYMMETRY BREAKING IN FCC METALS

A) NUCLEATION B) GROWTH C) DEVELOPMENT OF FACETS

STEP 2: PREFERENTIAL SURFACTANT BINDING TO SPECIFIC CRYSTAL FACES

node & &

{111}
B) CONTINUED GROWTH IN 1-D ﬂ

A) BINDING OF CTAB

TO AU(100) FACE UNTIL THE REAGENTS

ARE EXHAUSTED
% = CTAB

THE POSITIVELY CHARGED CTAB BILAYER STABILIZES THE NANORODS

+++++++

Growth mechanism of gold nanorods



Synthesis of gold nanoparticles of
different shapes

= General idea is the same as the growth of
gold nanorods (seed-mediated method)

= Slightly change the conditions when
growing nanorods (concentration of
different reactants)

= Cubes, hexagon, triangle, tetropods, branc
hed

T. K. Sau, C. J. Murphy, J. Am. Chem. Soc. 2004, 126, 8648-8649



Nano-particle prepared from sol-gel method

1. TiO2

Titanium tetra-iso-propoxide

diethanolamine

Ti(OPrh 4

B

CH50H

NH(CoH40H)»

indry Np

VT
Y

H0/CaH5OH

HOCHz-(CHa-O-CHz)n-CH2OH

Chemically-Modified Alkoxide Solution

QuartzGlass

Oip Coalting

[ —

v

Drying

v

Heating

Solution I with Polyethylene glycol

Polyethylene glycol

TiO, Thin Coatings

SiO; substrate

Solution IT without Polyethylene glycol



2. Au-Si0,

TEOS+C,HsOH HAuCl,-4H,0+H,0
+C,HsOH+HCI

) TEOS : H,0 :C,Hs0H: Au
r= H,O/TEOS =1:2~10:0.4:2:0.028

mixing and stirring vigorously at room
temp for Bmins, then kept tightly in
container at 40°C for various of fime
prior to dip-coating

Dip-coated film is tfransparent and almost
colorless, film is heated at 500°C for
10mins, the film exhibits red to purple
color




3. CdS in SiO, gel

TEOS, C,H50H, hydrated cadmium acetate || C,HsOH, NH,OH
H,O,HCl in molar C4H,CdO,4-2H20 CH;0H inmolar 4: 1.25:
1:1:1:0.27 0.05:1 0.005

S
]

Dried in oven
Dried gel
Gel Heat treatment

[
L=

Number fraction (%)
=]

Heat treated in H,S
at 200°C for 2hrs 5 |
0 + .| ———
1 2 3 4 5 & 7 8 9 1011 12 13 14 15
Journal ofCrystal Growth 144 (1994) 141—149 Diameter (nm)
Fig. 2. Size histogram of the CdS particles obtained by analy-

sis of CTEM images.



Dimethyl sulfoxide (CH3),SO

TEOS | {DMSO| (H,0 Cd(CH,C00),.2H,0 | |DMSO
homogeneous
solution Sulphoxide
. complex
GEL| | Heat treated to various temp

FIG. 1. Schematic representation of the sol—gel process employed.

Journal of solid state chemistry 118, 1-5 (1995)



(a)
TEOS H,0 + C;H.OH + HCI

Add Cd-acetate +
Ethanol

Na,S + Ethanol

{ Gel Drying

40W bulb Fibers
12 hrs

R.T. air Monoliths
drying 25
days
: (c)
CdS Hj
Nanoparticle |
G H
Il Silica Matrix (I;) |0
1
HS-CI—O—Sli—O—CdSnanoparticle + H—O—?i—O—H
Q 0
} i
e H
H

n

H H
| |

P e
H- 0 - §i - O - CdS nanoparticle - 0 - §i - O-H

¢ P

H H

Photonics and Nanostructures — Fundamentals and Applications 5 (2007) 156—-163



TiO2 tubules and fibrils

(Ti(OCH(CH3))a(Bml) +CoH50OH(25ml) stirred at 0°C

Add C,HsOH(25ml)+ H,O(0.5ml) +0.1MHCI(0.5ml) at 15°C

After 60 s at 15°C the resulting mixture turned milky
white (sol formation).

alumina femplate membrane was immediately dipped into
this solution for an immersion time that was varied
between 5 and 60 s. dried in air for 30 min at room
temperature.

placed in a tube furnace (in air), and the temperature
was ramped (50 °C h-1) to 400 "C. The membranes were
heated at this temperature for 6 h, and the
temperature was ramped back down (30 °C h-1) fo room
temperature.
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