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Human History is linked to materials development…

cuivre bronzepierre fer

Materials develoment is linked to mastering fire … so far …



There's Plenty of Room @ the Bottom
An Invitation to Enter a New Field of Physics

(After dinner speech given by Richard P. Feynman on December 29, 1959 at the annual  
meeting of the Amercian Physical Society at the California Institute of Technology)

© Caltech's Engineering and Science, Feb. 1960

…It is my intention to offer a prize of $1,000 to the first guy who can take the information 
on the page of a book and put it on an area 1/25,000 smaller in linear scale in such manner 
that it can be read by an electron microscope. 

And I want to offer another prize--- if I can figure out how to phrase it so that I don't get into 
a mess of arguments about definitions---of another $1,000 to the first guy who makes an 
operating electric motor--- a rotating electric motor which can be controlled from the outside 
and, not counting the lead-in wires, is only 1/64 inch cube. 

I do not expect that such prizes will have to wait very long for claimants.



NanotechnologyNanotechnology ??



NanotechnologyNanotechnology ??

� De purposeful engineering of matter at scale of less
than 100 nm to achieve size-dependent properties
and functions

� L’organisation maîtrisée de la matière à une échelle  inférieure à
100 nm permettant d’utiliser des propriétés et fonc tions 
dépendantes de la taille du système ainsi organisé.
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Charles Darwin, l’origine des espèces 1859

Nature inspires nano -structures …



Nature Nature isis alreadyalready an expert an expert …… !!

Muscles, skin, leather, cartilages, …

Silk, cotton,…

Flax, cellulose, …

Coral, bone, 



Chad Mirkin, Northwestern University, in 
NYTimes article by K. Chang - 2005

Man started later … !



……but surfs the but surfs the wavewave veryvery wellwell !!



© 2008, SOLVAY S.A.SOLVAY

FromFrom IT Technologies to IT Technologies to BiologyBiology ……
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Influenza virus

100 nm

MOS transistor

31nm
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......whatwhat about applications ? ... about applications ? ... 
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AlmostAlmost all the all the «« atomsatoms cataloguecatalogue »» isis accessible accessible atat the the 
nanonano --scalescale ……



And the And the WaveWave BrokeBroke on the on the IndustryIndustry ... ... 

� 1. Properties
� 2. Applications
� 3. Markets
� 4. Financing
� 5. PI - IP
� 6. HSE 
� 7. Start-up’s
� 8. Some Conclusions



What property can I sell ? What property can I sell ? 

• High surface area 

• Quantum effects affecting electrical, 
optical, magnetic properties .



High surface area ? ...High surface area ? ...



Size dependant properties …. 
����

���

2.3 nm 4.2 nm 4.8 nm 5.5 nm

Larger Band 
Gap

Smaller Band 
Gap

Optical Optical propertiesproperties ? ? 



� Carbon based : Nano-Carbon balck, Nano-diamond, 
Fullerenes, Carbone nanotubes

� Organics: Dendrimers, oligomers, polymers, nanotubes, 
nanocapsule

Structural Structural effectseffects .. .. 

Polystyrene nanotube
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Magnetic
Strength
Toughness
Ductility
Rheology
Barrier
High solubility
High chemical activity
Antioxidant
Lubrification
Antibacterian / Fungicide
Biocompatibilty
Fire retardancy
Porosity
Melting point
Electrical Conduction
Electrical Insulation
Magnetic Shielding
Thermal Conduction
Thermal stability
Light absorption / Emission
Energy gaps
Transparency
Antireflection / RI
Hardness
Abrasion resistance
Friction reduction
Wear resistance, …

� Mechanical
� Thermal
� Electronic
� Optical
� Magnetic
� Catalytic
� Chemical
� …

Specific Properties

IndustrialIndustrial attractivenessattractiveness …… ? ? 







Value Chain ?Value Chain ?
FromFrom nanonano --matmat éérialsrials to nanoto nano --enabledenabled productsproducts ......



BuildBuild new value new value chainschains fromfrom nanonano --materialsmaterials to to ……



FindFind youryour focus ! focus ! EverythingEverything opens up opens up ……
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Sales of products incorporating emerging
nanotechnology will rise from less than 0.1%
of global manufacturing output today (2004) 

to 15%  in 2014, totaling $2.6 trillion. 

Un domaine attrayant 
pour l’Industriel et 

l’Investisseur ?

High expectations High expectations ……



Chem

Ph
ar

m
a

With different sectorial views …



DifferentDifferent «« expertsexperts »» viewsviews ......



Pouvoirs publics, Industrie privPouvoirs publics, Industrie priv éée, Capitaux e, Capitaux àà
risque... tout le monde surferisque... tout le monde surfe …… !!
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Tous les secteurs industriels surfentTous les secteurs industriels surfent …… !!

� 30% des brevets sont déposés en Chimie, Catalyse et  
Pharmacie

� Accroissement important d’activités dans les 
matériaux pour l’électronique (transistors, diodes,  
fabrication de semi-conducteurs)

� Développement Pharma à beaucoup plus long terme 
(acheminement ciblé des principes actifs, …)

Source: Journal of Nanoparticle Research 6: 325-354,  2004



Patents Patents mappingmapping .. .. 



Z. Huang, H. Chen, A. Yip, G. Ng, Fei Guo1, Z.-K. Chen, M.C. Roco
Journal of Nanoparticle Research 5: 333–363, 2003

……IP attorneys surf IP attorneys surf theirtheir wayway …… !!

Number of nanotechnology patents 
per country by year: 
(a) for 14 leading countries; 
(b) without United States and Japan.

US still leads the 
pack 

France leads
Europe

Chemists and 
Biologists are 
lead surfers



……ICT, ICT, MaterialsMaterials , Med & , Med & BioTechBioTech ’’ss surf ..surf ..
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WhatWhat ’’ss «« mymy »» benefitbenefit //riskrisk ratio?ratio?



StillStill a long a long wayway to go to go ……



LawyersLawyers and and toxicologiststoxicologists alsoalso joinjoin the surf... the surf... 

� Etudes épidémiologiques (urbaines) 

� Problème d’instabilité : aggrégation & absorption

� Déposition dans le système respiratoire

� Effets de stress oxydants, pro-inflammatoires, cyto toxiques, 
transformations cellulaires observées

� Effets tumorigènes chez le rat 

� Translocation dans le cerveau (nerf olfactif)

� Effets transcutanés & transbarrière(s)

� Effets CV, thrombogènes, respiratoires …

� Nanocare http://www.nanopartikel.info

� NanoSafe2 http://www.nanosafe.org
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SomeSome Conclusions Conclusions ……

� Feynman Prize goal is reached : we master the structure if 
matter at the nanoscale.

� What’s possible as applications is still largely to be
discovered yet

� Translation in sustainable economical value is still on its
way. New value chains have to be explored and build. No t 
all of them will survive the market test. 

� We have a unique set of opportunities to build new 
connections among Industries, Start-Up’s, Academics on 
the mid/long term
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SomeSome conclusionsconclusions

� Catalyst and electronic applications are current realities
but the road to « Nano-Eldorado » is still a long one for 
pharma/food applications.

� Danger is to surf on irrealistic value, beware the waves. . 
they usually brake on the shore .. 



At some point we always come back to reality …. 

Next ???


