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Abstract

The role of surface energy and surface stresses has been a topic in thermodynamics and physics since the seminal work by Gibbs. Since both quantities take the same values for liquids this may have given rise to misconceptions in the community in the case of solids. Terms such as surface tension have been applied with a double meaning as a surface stress state or surface energy. These considerations are of special importance for phase transforming nanoparticles (precipitates, transforming or melting/solidifying single particles). A review on the relevant literature is presented showing that the findings from continuum mechanics, esp. the concept of configurational forces (stresses), are often either not known or not accepted. Therefore, the progress report gives a rather detailed introduction into the continuum mechanics and thermodynamics of a moving surface. The relevant literature is referenced and the main findings are reported. Then the terms "surface energy", "surface tension" and "surface stress" and their relations are discussed. A global transformation condition for a sudden phase-transforming nanoparticle is explained. The concept of configurational forces is applied to derive a local transformation condition in a material point at the phase interface. In this case the transformation process is controlled by a moving phase interface. Four different cases for nanoparticles (growing precipitate, growing solid nucleus in liquid, melting particle, solidifying particle) are studied in detail. It can be shown that the surface energy and the surface stress contribute to the thermodynamic force in different ways. The role of both terms is quantified in detail and compared with the case of a sudden transformation of the nanoparticle.
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