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A challenge for molecular interaction: Rubber-like
elasticity in laser driven small-molecular liquids

When subjected to deformation, Newtonian fluids such as water and glycerol are

expected to exhibit viscous behavior. Viscosity characterizes the ability of a fluid to

flow. The energy required to deform a viscous fluid to flow is dissipated as heat. A
,ﬁ solid-like elastic response, on the other hand, can only be manifested in a liquid if
the deformation occurs on very short time scales and below the relaxation time ty
which can be related to the molecular diffusion time of a single molecule. The
signature of elasticity is a recovery of the deformation energy and a ‘memory’ of
the previous shape with restoring forces towards this shape. The lack of such
‘memory’ is at the heart of the definition of a liquid.

In a recent paper [1], we presented evidence for a rubber-like elastic large strain
response in glycerol that completely dominates the free surface flow dynamics of
a laser-driven glycerol plume at strain rates as high as 10° s™'. The elasticity is
present for microseconds and hence several orders of magnitude longer than .
This persistence cannot arise from the tail of a distribution or spectrum of relaxation
times around 1) but appears by somehow frustrating the fast single-molecule dis-
sipation. For times considerably longer than 7\, the existence of this shear elasticity
requires long-range correlations typical for solids and incompatible with the short-
range interactions associated with Newtonian fluids —a challenge to our current
understanding of the liquid state.

[11 M. Kayanattil et al., Proc. Natl. Acad. Sci. 120, 2017 (2023).
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