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Size matters !



Motivations for the nanoscience & nanotechnology 

ENIAC - The first computer

ω мфпсΤ
ω му ллл ǾŀƭǾŜǎΤ
ω ол ǘƻƴǎΤ
ω рлл ƳǳƭǘƛǇƭƛŎŀǘƛƻƴǎ κ second;
ω .¦D.

"The world will only market for 5 computers" 
Thomas Watson



Motivations for the nanoscience & nanotechnology 

Transistors!

FirstTransistor Valve Chip intel



Motivations for the nanoscience & nanotechnology 

Size matters !
New computers!

Million of transistors!



The 3 gaps theory regarding inventors, innovators & investors 

Source Ref.: I.C. Gebeshuber, P. Gruber, M. Drack, ά! gaze into the crystal ballςbiomimetics in the year нлрфέΦ 
Proc. Inst. Mech. Eng. Part C Journal MechEngineering Science223(C12), 2899ς2918(2009) - PEP Publishing, London, UK.



Motivations for the nanoscience & nanotechnology 
Biologicalsystems !

Million of years !



Nanotechnology 
+ 

Tribology
+

Biologicalsystems !



What is Nano
Just only one dimension !

"Nano" is a prefix that comes from DǊŜŜƪ όά˄ʰ˄ˇέύ and means "dwarf"

1 nanometer (nm) = 1 billionth of a meter =  10-9 m

A nanomaterial is a material with one or more dimensions at a

nanometric scale ( at least one dimension < 100 nm ).

1 nm 20 cm                           12 000 Km

A nanoparticle stays like a soccer ball in the same proportion that the ball stays in 

comparison to the planet earth !



The total distance by 
highway between 

Warsaw - Amsterdam 

is 

1194 km

1194 km

Thus: 

one sand grain compares to the distance 
between Warsaw and Amsterdam 

in the same way as 1 nm compares to 1 m

1194 km = 1194000 m

= 1194000000 mm  

~ 1 billion of meters !

10 mm

Average size of a sand grain ~ 1 mm







Soccer ball



Ånanoparticles have a larger surface / volume ratio
responsible for new physical & chemical properties

ÅThis means an increase in the chemical reactivity 
at the surface of the nanoparticles.

Size scale influence and Importance 



Surface /volume Ratio
ÅComparing the same amount of 

coarse salt and refined salt,

Åwhich occupies more space?

Åwhich occupies more Volume?

ÅWhich is easier to dissolve?

Size scale influence and Importance 

This is not exactly a new property but gives 
idea of how importance of the particle size 
on the property of substances !



ÅDecreasing even further the size until arriving at the nanolevel:

electrical properties, optical and magnetic chemicals could change.

ÅEx.: The gold color changes at multiple levels nano.

Size scale influence and Importance 

A gold nanoparticle of ~ 90 nm will absorb colors on the red & yellow end of the color spectrum, 
making the nanoparticle appear blue-green. 
A smaller-sized particle, ~ 30 nm in size, absorbs blues and greens, resulting in a red appearance

gold nanoparticle 

~ 90 nm 

gold nanoparticle 

~ 30 nm 



Size scale influence and Importance 

Hall-Petch???? 
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Grain size  



Substances that are:

Åstable in higher dimensions become reactive at nanoscale
Åinsulators can become conductive at nanoscale; 
ÅOpaque can become transparent at nanoscale.

Thus:

ÅKnowing the characteristics of substances in a larger 
size does not provide understandable information 
about their properties at the nanolevel !!!.

Size scale influence and Importance 



A changeon physical & chemical properties of 
nanoparticles, can also cause unintentional 
consequences ( even unknown) when they 
come into contact with the human body !

Size scale influence and Importance 



ÅA material perfectly safe to handle at larger sizes, 
can easily penetrate the skin when in form of 
nanoparticles or when becoming an aerosol and 
enter into the body via respiration (breath).

ÅThe reactivity due to the larger surface area allows 
an interaction with biological systems in ways that 
are until now unknown.

Size scale influence and Importance 



Nanoparticles ?

ÅThere several types of nanoparticles, it includes:

Å inorganic or organic particles,

Åcrystalline or amorphous

It can be found as:

Åsingle particle / individual

Åaggregate

ÅPowdered or

Ådispersed in a matrix on colloids, suspensions, emulsions, 
nanofilms or nanolayers,



New concepts on nanoparticles nanocomposites ?

FULLERENES

Spheres of pure carbon with 
60 carbon atoms (C60), 
with ~ 1 nm in diameter, 
arranged with 12 pentagons 
and 20 hexagons, similar to a 
soccer ball.



NANOTUBES

ÅCarbon nanotubes are 
cylindrical structures composed 
of carbon atoms whose 
diameter is from one to 3 nm 
and a length of 1000 nm. 

Åquite common done by 
scientists, nanotubes are a 
hundred thousand times thinner 
than a human hair.

ÅThey were discovered in the 
early 1990s, by Japanese 
researcher SumioIijima.

New concepts on nanoparticles nanocomposites ?



DENDRIMERS

ÅSpherical polymer molecules are 
formed by self-organization 
process hierarchy.

ÅThey are used in conventional 
coating and painting.

ÅCan be used in future drug-
delivery and even aid in water 
purification by trapping metal 
ions.

http://www.ica.ele.puc-rio.br/nanotech/nano_curiosidades.asp

New concepts on nanoparticles nanocomposites ?

http://www.ica.ele.puc-rio.br/nanotech/nano_curiosidades.asp


QUANTUM DOTS

ÅThey are semiconductor 
nanoparticles that were created 
in the early 80s.

ÅThey are widely used in 
optoelectronic applications, 
such as lasers, LEDs and solar 
cells.

ÅThese particles allow 
confinement of electric charges, 
functioning as an artificial atom.

New concepts on nanoparticles nanocomposites ?



ÅBIOPOLYMERS

ÅA wide variety of biopolymers 
such as DNA molecules, offering a 
wide variety of nanostructures 
self organizing.

ÅThey also offer the opportunity to 
link between nanoand 
biotechnology, for example, 
create biocompatible and simple 
sensors and small motors.

New concepts on nanoparticles nanocomposites ?



NANOEMULSIONS

Å Droplets of oily material with few 
hundred nanometers in diameter 
mixed in water through a mechanical 
high extrusion process.

Å This process produces a uniform 
population of droplets that are stable 
for years even at elevated 
temperatures.

Å It has broad spectrum antibacterial 
activity against bacteria, enveloped 
viruses, fungi, protozoa and spores 
due to its ability to destroy these 
organisms.

Åhttp://nano.med.umich.edu/projects.html

New concepts on nanoparticles nanocomposites ?

http://nano.med.umich.edu/projects.html


NANOLAYERS

Nanolayers are one of the most 
important topics in the area 
ƻŦ ƴŀƴƻǘŜŎƘƴƻƭƻƎȅ.

Through engineering nanoscale 
surfaces and layers can attain a wide 
range of functionality and new physical 
effects (ex.: optical or electromagnetic).

Ex.: 
surface self-cleaning, corrosion 
protection of machinery and 
equipment, wound healing dressings 

ÅWater resistant monolayer

New concepts on nanoparticles nanocomposites ?



Nano textured Anti-reflex surface (a) Light Deflection at a nano textured surface  (b) comparison of two nano texturing (c) automotive dashpot with antireflex surfaces.

New concepts on nanoparticles nanocomposites ?



Self-cleaning surfaces 
produced by a 
nanotechnology 
manufacturing of 
hydrophobic Nano films

New concepts on nanoparticles nanocomposites ?



NANOPORES

Are simple holes in 
nanoscale insulating thin 
membranes, which 
means a new tool for the 
study of biopolymers 
such as DNA.

The model shows a DNA 
molecule passing 
through the channel of a 
nanopore.

Åhttp://review.ucsc.edu/fall04/campus_update.html

New concepts on nanoparticles nanocomposites ?



DEFINITION

What is Nano?

Nanoscience: the study of phenomena and manipulation of materials 
at the atomic scale,
molecular and macromolecular where properties are different from 
those of a large scale.

Nanotechnology: design, characterization, production and application 
of structures, devices and systems by controlling shape and size at the 
nanometer scale.

INTRODUCTION TO NANOTECHNOLOGY



DEFINITIONS
Nanoscale Why is it so important?

ÅQuantum Effects: Synthesis enables nanoscale properties change micro 
and macro materialwithout changing chemical compositions. 
Ex: nanotubes

Å Systemic Organization: Materials can be organized systematically such as 
biological entities and natural materials: a powerful opportunity 
combining biology with materials science. Ex: quantum points.

Å Surface Area: Components in nanoscale surface area have much larger 
with respect to volume, ideal for use in composite materials, reactor 
systems, medicines and energy storage. Ex: nanocatalyst

Å High Density: macroscopic systems built from nanostructures may have 
much higher spatial densitythan those constructed from microstructures.

INTRODUCTION TO NANOTECHNOLOGY



INTRODUCTION TO NANOTECHNOLOGY

DEFINITIONS
Nanoscale: Why is it so important?

What can we expect

ÅNanotechnology is a disruptive technology
It causes changes in the industry, eliminating companies that are 
unable to reinvent itself in time.

ÅNanotechnology can change the nature of almost everything that 
has been done by humans until now.

Å It has a greater influence than nuclear energy, polymers, 
microelectronics and computers had done in the past.

ÅThe social impact caused by Nanotechnology can be as strong (or 
larger) as the first industrial revolution.

INTRODUCTION TO NANOTECHNOLOGY





Nanoelectronics- Molecular Electronics
Ex: Organic LED (OLED)

OLED is a device manufactured by placing a series of organic thin films between two electrodes. 
When we apply an electric current, we have the issue of a bright light. Applied in lighting and 
portable equipment.

OLED (Organic Light Emitting Diode) is a self luminous diode, means it glow when an electricity 
is applied to electrode.
OLED ǎŎǊŜŜƴǎ ŀǊŜ ŀƭǎƻ ƪƴƻǿƴ ŀǎ άǎŎǊŜŜƴ ƻŦ ŦǳǘǳǊŜέΦ ¦ƴǘƛƭ ƴƻǿ h[95 ǘŜŎƘƴƻƭƻƎȅ ƛǎ ƻƴƭȅ ǳǎŜŘ ƛƴ 
mobile phones, and in future these panels will be used in tablets and digital cameras. Now it is 
been used in big screen TVs. 
There ŀǊŜ ŎƻƳǇŀƴƛŜǎ ƭƛƪŜ [D ŀƴŘ {ŀƳǎǳƴƎ ǳǎƛƴƎ ǘƘŜǎŜ ǇŀƴŜƭǎ ǘƻ ƳŀƪŜ h[95 ¢±ΩǎΦ ²ƻǊƭŘΩǎ ŦƛǊǎǘ 
OLED TV was manufactured by Sony in December 2011, product named XEL-1. It is the 
prototype of OLED technology. 

Nanotech applications ?











Examples of Nanomaterials parts at the automotive industry



Illustration of the usage of polymer Nano composites parts



HERE  WE  ARE !!!!

Informatics 
revolution

Industrial revolution



Schumpeterian long waves of technical & economic development
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Schumpeterian long waves of technical & economic development



Schumpeterian long waves of technical & economic development



Schumpeterian long waves of technical & economic development



Schumpeterian long waves of technical & economic development



Schumpeterian long waves of technical & economic development



Schumpeterian long waves of technical & economic development



Schumpeterian long waves of technical & economic development



Impact of sustaining  & disruptive technological change



Old Examples for the introduction of disruptive technologies



Technology portfolio with decision options.



Artifact molded by outer and inner environment



Maslow's hierarchy of  needs

Design criteria for 
useful technological products



Types of  innovation



Fundamental (SMT) & incremental innovation
(package dimensions)



Short range (automated bottle filling machine) and long range innovation (DNA-double helix)

automatedbottle filling machine (DNA-doublehelix)



Former single innovation (telephone) and 
modern cooperative innovation (communicator)



Simple innovation (corkscrew) & complex innovation (first jet engine)



Scenario projections for business opportunities in cycle economy


