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Chemcial thermodynamics for nano-systems
Nano-systems are systems containing at least one phase with at least one of its dimensions below 100 nm. The equilibrium of 
nano-phases depend not only on pressure, temperature and composition but also on the number of atoms in the nano-phases, 
as an additional state parameter. That is why the phase rule of Gibbs is changed for nano-Calphad: the maximum number of 
possible co-existing nano-phases equals the number of components + three (3=pressure, temperature and number of atoms in 
nano-phases). As the phase rule is changed, all rules to construct and to read phase diagrams of nano-systems will change. This 
point is usually missing in the majority of published nano-phase diagrams. When macro-phase equilibria are calculated, the 
role of interfaces is negligible. However, for equilibria of nano-systems the role of interfaces is significant. The type and amount 
of interfaces in multi-phase nano-systems depend on the shape, size and arrangement of nano-phases. That is why when phase 
equilibrium is calculated for nano-systems, also the equilibrium size, shape and arrangement of nano-phases should be calculated. 
This point is usually missing in the majority of published nano-phase diagrams. To calculate solid/liquid equilibrium between 
solid and liquid nano-phases, the concentration and temperature dependence of the solid-liquid interfacial energy should be 
taken into account. This point is usually missing in the majority of published nano-phase diagrams. Systems containing nano-
phases are usually unstable due to the positive interfacial energy between them. Thus, the conditions of negative interfacial energy 
are crucial for stabilization of nano-systems. For equilibrium calculation of nano-systems, the chemical potential of components 
should be known as function of size, shape and arrangement of nano-phases. The new equations presented here prove that the 
Kelvin paradigm is mistaken, i.e. the thermodynamic nano-effect is due not to the increased curvature of nano-phases, it is rather 
due to the increased specific surface area of nano-phases. This forms the basis of a new paradigm presented here after Gibbs.
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