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WHEN LIQUIDS MEET SOLIDS: AN AMAZING MICROSCALE
FRONTIER THAT MAY GOVERN THE MACROSCOPIC RHEOLOGICAL
RESPONSE

LAURENCE NOIREZ
Laboratoire Léon Brillouin (CEA-CNRS), Université Paris-Saclay, CEA-Saclay, France

At the liquid-surface interface, the interfacial force field modifies the liquid dynamics and
introduces a local thermodynamic state. The interfacial energy is typically responsible for the
change in internal pressure, in transition temperatures, or for liquid-liquid phase separation
in confined dimensions even when the miscibility is complete. This transition zone where
liquid-liquid and liquid-solid interactions compete is intensively studied and still puzzling.
The contribution of non-extensive parameters (interactions with the surface, dimensions,
etc.) becomes non-negligible revealing liquid properties that are not those "commonly
accepted" at macroscopic scale. This is typically one of the reasons of success of emergent
topics like the microfluidics now established as a discipline in its own right.

What about rheology? A recent breakthrough discovery was the observation of a solid-like
response (G' >> G") in mesoscopic fluids when the interaction forces between the substrate
and the fluid are taken into account. Molten polymers, molecular glass formers, simple or
complex liquids, blood plasma [1], respond elastically at the submillimeter scale and do not
flow as usually described. As a result, the viscoelastic behavior cannot be considered as
universal and as the substrate is approached, another behavior is identified, signature of
a dynamic (vibratory) coupling that becomes possible between the solid and liquid states.
Thus, similar to external fields such as electric, magnetic, or flow fields, the vicinity of a
solid surface can preclude the liquid molecules from relaxing to equilibrium, pointing out
the difficulty of defining universal scale-independent properties of liquids [2]. The interface
can definitely no longer be considered as a simple means of limiting the propagation of a
fluid [3]...
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