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From atoms to the continuum mechanics of
amorphous solids: energy-landscape approach

Prof. Markus Hutter

Polymer Technology, Department of Mechanical Engineering, Eindhoven

Physical aging, which originates from slow ongoing changes in the microstructure, is a
hallmark of structural glasses, and affects many physical properties, e.g. the yield
stress. This presentation addresses the modeling of such materials in terms of the en-
ergy landscape.

In the first part, physical aging and mechanical rejuvenation are modeled phenomeno-
logically using two temperatures, characterizing phenomenologically the inter- and in-
trabasin thermodynamics [1-3], respectively. Doing so in combination with finite-
deformation non-isothermal mechanics [4] also leads to the conclusion [5,6] that the
stress of an aging material is in general hypoelastic, rather than hyperelastic.

In the second part, we proceed to unraveling the atomistic origins of physical aging and
related features of the glass. The results of a Molecular Dynamics (MD) simulation of
atactic polystyrene show that, in the course of time, the system visits several basins in
the energy landscape, which are envisioned as discrete states [7,8] connected to a net-
work by infrequent transitions. It is shown that this network has scale-free and small-
world characteristics [9]. In order to overcome time-scale limitations in MD simulations,
we have implemented a computational technique that focusses on generating the net-
work of discrete states connected by infrequent transitions over saddle points, while
rapid intra-basin properties are captured by the basin free energy [10]. Using this tech-
nique, good agreement is obtained with experimental data on infrared-spectroscopy,
NMR, dielectric spectroscopy, and mechanical properties. The major benefit of the
simulation technique is that it allows to make a direct link between the dynamics on at-
omistic scale and macroscopic observations.
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