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From nano to macro-scales: new tools to identify hidden properties of liquids 

 
Scientific project : 

The liquid state is the most  spread on the Earth’s surface, it  plays the most  crucial role in
the chain of life, but  it  is also the less understood. Their puzzling propert ies fascinate from the
nano to macroscale with unpredictable extra long t ime relaxat ions, spectacular shear-induced
transit ions[1], short  length scale microfluidics incompat ible with the macroscopic scale.  

We have recent ly identified in viscous liquids, far from any t ransit ion, so far unknown
long range solid-like correlat ions[2,3]. These correlat ions may govern the fluidic state and may
explain some of the phenomena described above. For example, in the case of polymer
dynamics, it  tells t ime & length scales much larger than the classical viscoelast ic t imes (Rouse
reptat ion) and much larger than the chain dimension should exit .  

I t  is now urgent  to ident ify the molecular parameters governing this supra-molecular
cohesion. In part icular, it  is necessary to exam the correlat ion range of the elast ic forces and to
connect  it  to the discont inuity from nanoscopic to macroscopic scale dynamics (nano-scale
propert ies exhibit  solid-like features while at  macroscopic scale, the response is viscous or
viscoelast ic). Playing with the molecular architecture, determining the characterist ic t imes &
length scales, the viscoelast ic moduli (using a new protocol (CEA patent[2])) and the associated
structural organisat ion, should allow to progress rapidly in the analysis of this novel dynamic
I n situ Neutron Scattering studies at  small and at  broad angles will provide unique informat ion
on the molecular deformat ion under constraint .  
Pract ical consequences of the considerat ion of long range elast ic forces in the liquid state are
numerous and direct  in various act ivity areas involving interfacial mechanisms (adhesion
moulding, lubrificat ion, coat ing, and fluidics). 
This subject  will be ideally developed in the frame of a master t raining. 
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Techniques in use: Dynamic relaxation, non-linear micro-rheology, neutron scattering. 
 
Applicant skills: physics of liquids, materials, physico-chemist, signal analysis. 
 
Granted internship :     yes  ( 380 €/month) / no 
C'nano IdF laboratory (France only) : yes / no 
Possibility for a thesis : yes (type of grant :  CFR) / no  
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