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Abstract
Clark Maxwell's approach to linear viscoelasticity inspired the establishment of continuum
mechanics based on constitutive equations for complex systems including softer matter,
where the Navier-Stokes equation for viscous liquid is the best known example. Pierre-Giles
de Gennes proposed the idea of reptation1 to depict the molecular origin of linear
viscoelasticity in entangled polymers, giving birth to a new molecular-rheology paradigm
upon which to build a first-principles like theory known as the tube model.2 For three
decades (1978-2006), this theoretical framework was thought to have provided an adequate
description of everything we know about large deformation and flow behavior of polymeric
liquids. The emerging phenomenology since 2006 has shaken our confidence in the
molecular interpretations owing to the tube model. This seminar details the experimental
findings based on particle-tracking velocimetric observations and elucidates an alternative
conceptual foundation. Specifically, it is emphasized that the intermolecular interactions are
network like, i.e., point-like, arising from the chain uncrossability, and play an active role to
influence nonlinear responses of entangled polymers (Macromolecules 2013, 46, 3147). In
contrast, the tube model's smoothed-out treatment of the intermolecular interactions in terms
of an imaginative tube appears to be a gross oversimplification and cannot explore the
physics that dictates when the external deformation becomes non-affine, i.e., when molecular
yielding takes place.
1. P. G. de Gennes, J. Chem. Phys. 55, 572 (1971), cited over 2500.
2. M. Doi and S. F. Edwards, The Theory of Polymer Dynamics, Wiley 1986, cited over
10,000 times.
*: www.uakron.edu/rheology/
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