
DICP, Dalian, China April 2010 1/44

Pr. Charles Kappenstein
LACCO, Laboratoire de Catalyse en Chimie Organique, Poitiers, France

What are nanomaterials and nanoparticles ? 
Could we see them? 

How can we obtain them? 
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Ouline
What are nanomaterials and nanoparticles?

• Importance of scale
• Some examples
• Properties, surface is a key parameter

How can we obtain them?

Could we see them? 
• Optical and electronic microscopy
• Atomic force microscopy 

Applications

Conclusion : toxicity and ethical concerns
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What are nanomaterials and nanoparticles?
Importance of scale: 1 nm = 10-9 m

fullerene molecule C60
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Importance of scale: 1 nm = 10-9 m

What are nanomaterials and nanoparticles?
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Some examples: at the micrometer scale level

Hair diameter: 40-50 μm Bacteria 5 to 20 μm 

What are nanomaterials and nanoparticles?
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Some examples: at the nanometer scale level

Virus (30-50 nm)
ADN (2.5 nm)

CNT (~1 nm in diameter)

What are nanomaterials and nanoparticles?
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Some examples: size of atoms

Atoms are smaller than a nanometer. One atom measures ~0.1-0.3 
nm, depending on the element. 

What are nanomaterials and nanoparticles?
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Carbon nanotubes (CNT)

What are nanomaterials and nanoparticles?



DICP, Dalian, China April 2010 12/44

Nanotubes de carbone

First model published by Carelman in 1969 in
his book « Catalogue d’Objets Introuvables »
but with a different caption: lace condom

Current CNT models

What are nanomaterials and nanoparticles?
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Properties

What are nanomaterials and nanoparticles?
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Surfaces and interfaces are key parameters

What are nanomaterials and nanoparticles?
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Surfaces and interfaces are key parameters

What are nanomaterials and nanoparticles?
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Surfaces and interfaces are key parameters: surface energy and
surface thermodynamics

G

L

S
γSG γSL

γLG
θ

Surface tension γ (in mN.m-1)

Wetting angle θ Young’s equation:   γSL + γLG cosθ = γSG

Θ < 90 ° hydrophilic surface
= good wettability

Θ > 90 ° hydrophobic surface
= bad wettability

Θ > 140 ° superhydrophobic surface

Video magic sand

What are nanomaterials and nanoparticles?
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An experiment with ballons: pressure versus curvature radius

What are nanomaterials and nanoparticles?
Surfaces and interfaces are key parameters: surface energy and

surface thermodynamics
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Surfaces and interfaces are key parameters: do not mix up adsorption 
and absorption! 
Adsorption is a surface process

Video superadsorbant

What are nanomaterials and nanoparticles?
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Outline
What are nanomaterials and nanoparticles?

How can we obtain them?

Could we see them? 
• Optical and electronic microscopy
• Atomic force microscopy 

Applications

Conclusion : toxicity and ethical concerns
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How can we obtain them?
Formation of nanomaterials: 

• Milling: 1 cube with 1 mm edge length leads to 109 cubes with 1 μm edge 
length  and to 1018 cubes with 1 nm edge length !!

• Incomplete combustion ie: soot containing fullerenes

• Catalytic decomposition: CNT

• Torch decomposition: alumina, silica, titanium oxide

• Chemical synthesis: molecular engines video
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Could we see them?
Optical microscopy: up to micrometer

Red cells (6-10 μm) – Bacteria (5-20 μm)



DICP, Dalian, China April 2010 23/44

Electron microscopy

Cadmium selenide nanoparticles Iridium nanoparticles on alumina substrate

Could we see them?
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STM (Scanning Tunneling Microscopy) an experiment

Could we see them?
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STM (Scanning Tunneling Microscopy) an experiment
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STM (Scanning Tunneling Microscopy)

Could we see them?



DICP, Dalian, China April 2010 27/44

AFM (Atomic Force Microscopy)

Could we see them and move them?
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How to draw a circle with iron atoms 
randomly deposited on copper. The Fe 
atoms are displaced one by one by the 
tip of a AFM

AFM (Atomic Force Microscopy)

Could we see them and move them?
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AFM (Atomic Force Microscopy)

Japanese character (kanji) meaning atoms
Iron atoms on copper

Could we see them and move them?
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Applications of nanomaterials
Gold nanoparticles

• catalysis
• medicine
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Magnetism and ferrofluids video

Applications of nanomaterials
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Magnetism and ferrofluids

Applications of nanomaterials
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Semiconductors and quantum dots

Applications of nanomaterials
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Carbon nanotubes: synthesis

Applications of nanomaterials
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Applications of nanomaterials
Carbon nanotubes: a space elevator
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Carbon nanotubes: a space elevator

Applications of nanomaterials
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Carbon nanotubes: shape forming

Applications of nanomaterials
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Carbon nanotubes: shape forming
(MWNT = Multi Walled Nano Tubes)

Applications of nanomaterials



DICP, Dalian, China April 2010 40/44

Carbon nanotubes: medical applications

Applications of nanomaterials



DICP, Dalian, China April 2010 41/44

Titanium dioxide and self-cleaning windows

Applications of nanomaterials
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Superhydrophobic surfaces 

Applications of nanomaterials
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Conclusion : toxicity and ethical concerns
What is the toxicity of nanoparticles ?
Asbestos, a natural nanomaterial asbestos fibers and cancer
A discussion about ethics video

Minerals contenaing asbestos Asbestos fibers Electron microscopy view


	Hair diameter: 40-50 μm

