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How did it begin?
Why going nano?

INTRODUCTION



Definition

AiNanotechnol ogy is t
control of matter at dimensions of roughly 1t
100 nanometers, where unique phenomena
enabl e novel applica

AAREncompassing nanosoa
and technology, nanotechnology involves
Imaging, measuring, modeling, and manipulé
matter at this | engt

National Nanotechnology Initiativ&trategic plan, Decemb@007



Definition

A ls it possible to imagine the size of
nanometer?

I A line of ten hydrogen atoms lined up ¢
side is 1 nanometer long

How small is
a nanometer?

1,000,000 nanometers = 1 millimeter (mm)
1,000 nanometers = 1 micromeder (Um)

= 1.7 motres a1
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I Afinger nail grows 1 nanometer in 1 sedsCai:

www. nanoshield/iomage/anometer.jpg




Definition

A Thus nanosciences are defindetsjze of
the objectsrather than by the nature of the
phenomenon studied as in optics, electricity,
It follows that they are by definition
multidisciplinary.



Definition

A Nanosciences are multidisciplinary, with physics an
chemistry as natural partners (but not the only).

I Chemistncan create new molecules, particles, nanoobje
etc., which can lead to innovative designs for new materi

I Physics the study the properties of these materials.

I Mechanicsvill be implicated because no materials exist
without mechanical properties. Mechanical attributes car
be finduned at the nanometric scale.

I Biologyis less directly involved because most biological
entities exceed a micrometer in size; however, it will ben
from the development of +wdpects capable of working in
a biological environment (e.g. Biosensors)



How did it begin?
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How did it begin?

A Feynmann famous talk from 1959 "There is
nlenty of room at the bottom" is often cited a:
peginning of nanosciences. However this tal
nas been almost unknown to the people until
1992Nanoscience really sprang into the
public conciousness sometime after the
iInvention of the scanning tunneling
microscope in 1981




How did it begin?

A In 1981Gerd Binnig and Heinrich Rohrer of I
Zurich, invented the scanning tunneling

microscope for which they later received the
Nobel Prize in Physicsin 1986.

Scanning tunneling microscope image.




How did it begin?

Eric Drexl@layed a significant role in the

popularisation of nanotechnology

I Cell Repair Machime$

y working al

molecule and structure by structure, repair mach

will be able to repair w
cel | by <ce
repail r who
Drexler, 1986

nole cells. By working alor
| and ti1 ssuU

e organseéthn



How did it begin?

ASoon, the term Anano
fiction and scienftetion movies and books. _

Aéits arsenal incll dL‘S |
nanotechnol ogi cal t/raj'. C t
can control other pmaqghi
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Arnold Schwarzeneg

nanotechnol ogy 1in



How did it begin?

A Further developement of nanotechnology wa
fast that it is difficult to make a chronological
I NANOMATERIALS: Fullerenes, carbon nanotube

other nanotubes, nanowires, nanodots,
nanostructur es, ée.

I METHODS: Atomic Layer Deposition,
nanolithographgl®rganizing é .

I APPLICATIONS: nanoelectronics, medicine,
nanomachi nes, é.




Why going Nano?

A Nanostructures or nanomaterials exhibit
properties different from their macroscale
counterparts (their



Why going Nano?

A Chemistry more efficient catalyisigher
reactivity

I One of the most important features of a catalyst |
active surface. Nanomaterials bngeeshrface
areaandhigh proportion of atoms on the surface

I Often rhanced intrinsic chemical activity due to
changes in crystal shageen the shape changes
from cubito polyhedral, the number ofseaigk
corner sites goes up significantly



Why going Nano?

A Physicd quantum confined phenomena and
designed physical properties
I Electrical conductivity
I Thermal conductivity
I Transparency
I Magnetism

A Nanostructured materials derive their specia
physicaroperties from having one or more
dimensions made small compared to a lengt|
scale critical to the physics of the process.



Phenomenon | Electronic Optical Magnetic Thermal | Fluidic
Transport Interactions Interactions Interactions
Physics Fermi Wavelength of | Range of Fhonon Boundary
wavelength, light in exchange mean layers,
he medium, interactions, free path | molecular
Scattering Al 2n range of dimensions
length, [ magnetic
dipole
interactions
Length scale Ar = 1A 100 =300 nm | Exchange 1- Hundreds | Always in the
100 A, Dipolar | of nmat | low Reynolds
{~10-100 ca. microns 300K to number limit:
nm very Radius of
large at gyration for
low T dissolved
molecules.

StuarM.Lindsay 2009




nanostructures
nanodevices;

MATERIALS




Nanoobjects

A Naneobjects are the building blocks of the materials
They are chemical products (molecule, metal comp
cluster, etc.) with two additional attributes:

I First, the narabject is specially synthesized considering &
specific (optical, magnetic, electrical, mechanical or ever
chemical for catalysis or selective separation purposes, ¢
property.

I Secondly, the naoloject must have chemical functions
permitting its transformation into a nanomaterial,



= Si(OEt);, X =CI',NO;

. = Cu2+_, Co™* ®- Eu’”

(b) QO
}

Figure 2.2 Two nano-objects having paramagnetic (a) and photoluminescent
(b) properties




(b)

Complex of Mn'! o and MoV Q

with high magnetic properties S=39/2

®-0®0-xn 8-c %=1

Plate 2 A bimetallic molecular complex having an important magnetic moment. The
Mn" and Mo" ions are linked by C=N bridges. (a) Global scheme and (b) molecular
structure. Reproduced by permission of L’actualité chimique

P\



Nanomaterials

A The nanoworld consists of all known in the
macrescale materials:
I Metals;
I Semiconductors;
I Glass and ceramics;
I Composites
I Etc.......



Tab. 1.1. Examples of nanomaterials.

Size (approx.)

Materials

Nanocrystals and dusters
(quantum dots)

Other nanoparticles

Nanowires

Nanotubes
Nanoporous solids
2-Dimensional arrays
(of nano particles)
Surfaces and thin films
3-Dimensional structures
(superlattices)

diam. 1-10 nm

diam. 1-100 nm
diam. 1-100 nm

diam. 1-100 nm
pore diam. 0.5-10 nm
several nm2—um?2

thickness 1-1000 nm
Several nm in the three
dimensions

Metals, semiconductors, magnetic
materials

Ceramic oxides

Metals, semiconductors, oxides,
sulfides, nitrides

Carbon, layered metal chalcogenides

Zeolites, phosphates etc.

Metals, semiconductors, magnetic
materials

A variety of materials

Metals, semiconductors, magnetic
materials




Nanometals
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| A For magnetic materials su

i as Fe, Co, Ni, magnetic
~ properties are size
dependent



