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2) Lycurgus cup: It appears greenin

Nanotechnology is not new
Except for the name

1) Gold nanoparticles were used as a
pigment of ruby-colored stained glass
dating back to the 17th century. Figure.1
shows a picture of the Rose Window of the
Cathedral of Notre Dame. The brightred
and purple colors are due to gold
nanoparticles.
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Chemists have been making polymers (tiny nanoscale subunits)
Nature contains many examples (DNA, proteins, plants, spiders, lotus)

240N
)535\

‘ i . ! :x
i?g ! gg&) ‘.‘ﬂ ) " \.y Gold particles in glass ' Silver p.aniclu in glass

Size: 25 nm <% b | » v § Size: 100 nm
Shape: sphere .‘..,“ ke \ ) \hnp ;h
Color reflected: v‘{},'é_ $' Ce unn‘m
3 v;‘f{?;( ) ' v
Size: 50 nm ) ,’; " Size: 40 nm
Shape: spher 3 Shape: spher
Color l\’ﬂ(‘(l(‘d 4‘}()\,‘ B B i Color re n"' d
:. y" Size: 100 nm F KA a Stze: 100
N B Shape: sphere » : \'"P“ pr
! Color reflected: # s Color rrﬂnlcd: . .
or € Size=50 nm Size=100 nm
A Shape: spherical Shape: spherical

,(ﬂ 4 ‘ Color: Color: ORANGE
A!M ‘W

’ .I‘.;.‘lt"@' IO m‘. ‘0'

www.mrsec.wisc.edu/nano

Iman AL-Timimi 3



History

= Nanomaterials and nanotechnology are not new:

1- Chemists have been making polymers (tiny nanoscale subunits)

2- Nature contains many examples (DNA, proteins, plants, spiders, lotus)
3- The Cup of the Roman King in British museum
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1- Richard Feynman’s Famous

Presentation in the 1959

at The American Physical Society (APS):

**There’s Plenty of Room at the Bottom”

Here he explored the possibility of manipulating materials,

He asked:

*Why can’t we control the synthesis of individual molecules?

*Why can’t we write all of human knowledge on the head of a pin?
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2- Norio Taniguchi (University of Tokyo) The term nanotechnology
was not used until 1974.

In 1970s, IBM company in the USA was used a technique called
electron beam

lithography to create
nanostructure and devices
(40-70nm).

3- 1981,Gerd Binnig and
Heinrich Rohre invented
the Scanning Tunneling
Microscope
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Definition:

1- Nanoscience
The study of structures and unique properties of matter at the nanoscale

An interdisciplinary field of science combining physics, materials science,
chemistry, and related disciplines.

Nanoparticles are particles in size range 0.1-100nm

Nanotechnology
The design, characterization, production, and application of structures, devices, and
systems by controlled manipulation of size and shape at the nanometer scale.
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Nanoscience and nanotechnology

* First example of a liquid crystal

* Studied in 1888

* Unusual properties (2 melting points)
* Unusual interaction with light

* No interest at the time

* Nanotechnology

e Further research into liquid crystals led to molecules being fine tuned to give
properties suitable for the production of LCD screens.
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https:/lnanomateriflls.materialsconferenc
bstract-subwmission.php
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Nanocomposite materials

Metal
nanocomposite

Ceramic
nanocomposite

Natural-based
nanocomposite

Polymer
nanocomposite
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Smart home

-

Light control

Window control | L 3
..; =

1D materials

Spray coating,
ink-jet printing

;

- Roll-to-roll manufacturing
Self-assembly into complex architectures

Iman AL-Timimi 14



Allianz () M‘)ﬂj\ C\A; t_\JSJJ

Consumer Nano-products
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Table 5. Sl prefixes

Factor Name Symbol Factor Name Symbol

1024 vyofta Y 107 deci d
1021 zefta Z 102 centi ¢
10'® exa E 103 milli  m
10 peta P 10°  micro p
1012 tera T 109 nano n
10 giga G 10712 pico p
106 mega M 1015 femto f
10° kilo k 1018 atto a
102 hecto h 1021 zepto z

y

10! deka da 1024 vyocto
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Nanoscale (1-100nm) (1 nm = 10° meters)

Nanoscale Biomolecules

Oligo-

DNA Antlbody nucleotide

Cancer cell Pencil tip

Quantum Dot Gold Metal oxide  Liposome  Polymer

Nanostructures

Iman AL-Timimi
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NMs classification based on dimensionality

0D

Nanospheres,
clusters

Quantum dots

Fullerenes

Gold nanoparticles

/

\

‘\m\};}-—.-.-

1D
Nanotubes,
wires, rods

=

Metal nanorods,
Ceramic crystals

PN
ISV
“?_

Carbon nanotubes,
Metallic nanotubes

S
~

Gold nanowires,
Polymeric nanofibers,

\

Self assembled structures

/

e N
2D

Thin films, plates,
layered structures

Carbon coated
nanoplates

Graphene sheets

Layered nanomaterials

/

- /
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3D
Bulk NMs,
polycrystals

Liposome

Polycrystalline

Dendrimer

/
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* Properties of materials at nano-scale

1- The material properties change - melting point, fluorescence, electrical

conductivity, and chemical reactivity.
2- Surface size is larger so a greater amount of the material comes into

contact with surrounding materials and increases reactivity

Increasing surface area

Bulk material > Nanoparticles
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Unique properties of materials at nano-scale

Surface area and NPs size

Large surface area (SA) per unit volume (V): (SA/V)

30 nm

As size becomes smaller

more than 30 times
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Size Effect (bl il g 4y oilil) Claseeal)
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Diameter@pﬁem) 1 pm 2 um 3 um
Surface Areqgphere) = 4mr? | 3.14 um? | 12.56 um? | 28.26 um?

4 3 ; 3 ; 3 2 3
Ve = 1;1' 0.52 um 4,19 um 14.18 pm
Surface Area-to-Volume | g:1 3:1 2:1
Ratio
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Microparticle

€ >

r=10 um

Surface area

Volume

v 4/3nre
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Surface area/v and NPs size
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Top-Down and Bottom-up approach

O
| O

O

O
O
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O .

Nanoscale
\_ Structures)
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1-Top-Down
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2-Bottom-up
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Approaches for Nanoparticle

Syrlthesis
Top Down Bottom Up
approach approach
|
@—%| | % — @
et
<Sputtering l 1
“+*Chemical etching
ULl o ++Chemical Bioreduction
Sl UL precipitation
Szl i precipitation TR Metal
*Explosion process <Sol gel process 1 Nanoparticle
“*Molecular/Atomic
condensation “+Using whole organism
o:oSpray_/Laser (or tissue)
pyrolysis <cell free extract (Plants,

Microorganism, Algae,
Mushrooms)
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1- Physical vapour deposition
Laser ablation (top-down)

https://www.azonano.com/nanotechnology-video-details.aspx?VidID=526

(1:45 min)

https://www.nanowerk.com/nanotechnology-news2/newsid=52525.php
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https://www.azonano.com/nanotechnology-video-details.aspx?VidID=526
https://www.nanowerk.com/nanotechnology-news2/newsid=52525.php
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doagt) Jaladt)

guantum dots(QD)
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Electron energy

semiconductors
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CdSe QD
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Size matters

Color depends on particle size.

Quantum dots 3.2 nm in diameter have blue emission
Quantum dots 5 nm in diameter have red emission

(2] ° ——  Quantum Dot (nm)

JVU VU \

460 520 630
Wavelength (nm)

ff:k"“ l:“”‘" ‘ ‘ . . .
Quantum dot size,

oncasinl. B @9 (3 5 6

Photoluminiscence
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Bulk Band
Structure
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Quantum
Dots

Decreasing Size
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Increasing Quantum Dot Size
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2- Synthesis of Cadmium Selenide Quantum Dot

Materials

1- CdO,

Oleic Acid

2- Selenium
trioctylphosphine,
Octadecene,
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Thank you
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