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Kovacs effect and the relation between glasses, supercooled liquids and crystals
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We revisit Kovacs’ effect, which concerns the way the volume of a glass-forming liquid, originally driven out of equilibrium, 
changes with time while the system evolves towards a metastable state. The theoretical explanation of this phenomenon has 

attracted a deep interest even in recent years, because of its relation with some subtle aspects of the still elusive nature of the glass 
transition. In fact, even if there is a rather general consensus on the fact that what is experimentally observed on cooling is the 
dramatic effect produced by the dynamical arrest of slower degrees of freedom over the experimental time scale, it is not at all obvious 
whether this phenomenology can be justified by an underlying (possibly, high order) phase transition at a lower temperature. We 
show how the phenomenon investigated by Kovacs can be explained in terms of the relaxation undergone by slow motions, on a time 
scale comparable with the experimental time windows. The results from a simple model system, namely o-therphenyl, are compared 
with indications from other glass formers, including water. The mechanisms underlaying the formation of crystals (dendrites) when 
a supercooled liquid escape metastability are also explored within the adopted perspective. The ability of a simple out-of-equilibrium 
approach in reproducing a wide class of phenomena related with the glass transition suggests the idea that the hypothesis of a 
thermodynamic phase transition should be reconsidered in favor of alternative scenarios. 
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