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Background : a journey through Condensed Matter

Atomic Force Microscopy and 
nanomanipulation

Soft Matter

• Manipulation and control at nanoscale;

• Radiative heat transfer at nanoscale;

• Dissipation in NEMS;

• Quantum - Classic hybrid systems

• Fluid transport in nanotubes;

• Ion transport in nanopores;

• Energy conversion with nanofluidics;

• Friction in individual nanotubes;

Publication in leading scientific journals:
Nature Photonics, Nature Nanotechnology, 
Nature Physics, Physical Review Letters, 
Nanoletters… 

1 Patent on scanning probe microscopy

2 Thesis awards

Publication in leading scientific journals:
Nature, Nature Materials, 
Nanoletters… 

1 Patent on energy conversion

1 CNRS award

2



• Fluid transport in nanotubes;

• Ion transport in nanopores;

• Energy conversion with nanofluidics;

• Friction in individual nanotubes;

• Manipulation and control at nanoscale;

• Radiative heat transfer at nanoscale;

• Dissipation in NEMS;

• Quantum - Classic hybrid systems

Curriculum Vitae : a journey through Condensed Matter

Publication in leading scientific journals:
Nature Photonics, Nature Nanotechnology, 
Nature Physics, Physical Review Letters, 
Nanoletters… 

1 Patent on scanning probe microscopy

2 Thesis awards

Publication in leading scientific journal
Nature, Nature Materials, 
Nanoletters… 

1 Patent on energy conversion

1 CNRS award

Atomic Force Microscopy and 
nanomanipulation

Soft Matter

New challenge : nano assembly for nanofluidics ! 
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Nanofluidics: field of physics studying the fluid behavior at the nanoscale

Challenges and benefices from the nano scales :

✓breakdown of bulk transport properties:  Navier-Stokes, thermal transport, …  

✓surface to volume effects: enhanced role of surface phenomena

✓fluctuations of transport properties 

✓new functionalities from fluid behavior at smallest scale

What is new and why now?

✓ability to build new and controlled nm channel!

Why Nanofluidics? 
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Nanofluidics : state of the art

C. Dekker, Nature Nanotechology 2, 209 (2007); H. Liu et al., 
Science 327, 64 (2009); W. Song et al, ACS Nano 7, 689 (2013)

Sensing : single particle translocation

Energy harvesting : blue energy
A. Siria et al, Patent FR1259847 (2012);  A. Siria et al., Nature 494, 455 (2013);
Logan et al. Nature (2012); P. Sun et al., Scientific Reports 4, 5528 (2014);

Ultrafiltration : filter for water desalination
J. K. Holt et al. Science 312, 1034 (2006); D. Cohen-Tanugi et al. Nanoletters 
12, 3602 (2012); R. K. Joshi et al. Science 343, 752 (2014);
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New artificial devices and experimental 
techniques
Task 1 :  study nanofluidics in a controlled and 
systematic way

New physical principles
Task 2 : explore properties of fluids at 
nanoscale 

New industrial applications
Task 3 : assure a fruitful transfer between the 
fundamental findings and technology

Bechelany 
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NanoSOFT : aim of the project
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Task 1: developing new devices and tools

New geometry and materials:

New experimental tools :

make use of nano manipulation tools

new experimental techniques to measure 
minimal water flux, ion and mass transport 

Graphene and h-BN

200 nm
A. Siria, Nature (2013) A. Siria, Nature Mat. (2014) A. Siria, et al (2014)
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U. Keyser, NanoLetters (2013);

~10 fL/sec res.~1 pL/sec res. ~100 zL/sec res.
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Task 2: fundamental study of fluid transport at nanoscale

Influence of material and electronic properties on fluidic transport : 

Transport beyond continuum model and non linear behavior: 

K. Falk et al. NanoLetters (2010);

P. Sutter, NanoLetters (2014);
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Task 3 : transfer to new industrial applications 

New membranes for salinity gradient energy conversions.

50 um

Energy harvesting : 

A. Siria, Nature (2013);   A. Siria, Patent (2012);
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y=exp(2.7+0.1*ln(x))
Veerman et al.
Veerman et al.

Veerman et al. (2009)

Majumdar et al. (2010)

AEM-CEM (Hoek et al 2011)

State of the art

Ultrafiltration : New membranes for water filtration and salt rejection

My work
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Requested budget : 1 494 000 €

• Personnel : 2 Post Doctoral per year = 1 Post doctoral per task;

• Equipment : 220 K€ for development of new experimental set ups;

Project organisation

Hosting laboratory : CNRS and Ecole Normale Superieure

• Access to talented PhD students with allocated grant;

• Access to dedicated Scanning Electron Microscope;

• Access to Graphene and h-BN growth facility;
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Conclusions

Back to fundamentals : 

• make use of nano manipulation tools

• new experimental techniques to measure minimal water flux, etc. 

E A R LY  DAY S  O F  N A N O F L U I D I C S

Many games to play : 

• how material properties modify water and ion transport: 
superlubricity of carbon, BN versus C, …

• meso-scales influence of electronic properties on fluidic properties ?

• new functionalities and new applications
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International mobility and education:
2013 - 2014:  
Visiting scientist at Stein Lab, Physics Departement, Brown 
University, USA;
2012 - today: 
Researcher at the Centre National pour la Recherche Scientifique 
(CNRS), France
2009 - 2012: 
Post-Doctoral Fellowship, Université Claude Bernard, Lyon France
2006 - 2009: 
PhD student at Institut Neel, Grenoble France
2005 - 2006: 
Master of Science, Physics Departement, Università degli studi di 
Genova, Genova Italy

Supervisions and responsability:
• Co-supervision of 1 Phd student (C. Sempere);
• Supervision of 4 Post-Doctoral researchers (A. Gadaleta, C. 

Lee,  A. Nigues, E. Tamborini);
• Supervision of 2 Master students (R. Brossard, K. Vilella);

Key publications:
• Ultra-high interlayer friction inside Boron-Nitride nanotubes, 

Nature Materials, 13 , 688 (2014);
• Bidimensional nano-optomechanics and topological backaction in a 

non-conservative radiation force field, Nature Nanotechnology, 
accepted for publication (2014); 

• Giant osmotic energy conversion measured in a single 
transmembrane boron-nitride nanotube, Nature 494, 458 (2013); 

• A single nitrogen-vacancy defect coupled to a nanomechanical 
oscillator, Nature Physics 7, 879 (2011). 

• Radiative heat transfer at the nanoscale, Nature Photonics 3, 
514 (2009);

Awards:
2013: Prime Excellence Scientifique from CNRS;
2010: C’NANO Thesis awards - Fundamental research;
2008: Thesis awards from the ESRF - performance

Fundings:
• 2 National Fundings as Principal Investigator (CNRS-DEFI and 

FRAMA) :15k€ and 25k€ over 1 year; 
• 1 National Funding as co Principal Investigator (PALSE) : 300k€ 

over 2 years;
• 3 National Fundings as Partner (2 x ANR-BLANC and ANR-

Young Scientists): 500k€, 250k€ and 180 k€ over 3 years

Personal Informations:
Alessandro Siria 
Date of birth: 05/10/1982
Nationality: Italian
Web site: https://sites.google.com/site/alessandrosiria/
Researcher ID: C-7030-2014

Curriculum Vitae
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Question time:

• 14 questions about the project in 15 minutes!
• No questions on the funding or the management
• Large part of the question coming from the referees

Evaluation

• 7 external referees very positive
• 13 satisfactory answers
• 1 question not fully addressed (they say….)
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