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Theoretical material and surface science: 
From method development to applications

Material properties are mainly determined on the first-principle level applying density-functional methods.
In several cases these methods yield sufficient accuracy to predict the most stable allotropes. Here I will
present results for aluminium oxide/fluoride mixtures and their interaction with water [1], and for filled
and/or doped cobalt-antimon skutterudite [2] as one possible material for thermoelectric applications.
Using the results of first-principle calculations and the methods of surface thermodynamics, it is also
possible to predict the structure of nanocrystals depending on the pressure and temperature. We apply
this method to nanoscopic magnesium fluoride [3].
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Another example where density-functional theory can fail is the weak interaction of adsorbed molecules on
surfaces. As example the interaction of water with graphene and different carbon nanotubes will be
presented [6] applying the method of increments for adsorption energies on the coupled-cluster level.

But there exist materials, where present-day density
functionals reveal problems to describe the crystal
structures and the cohesive properties. One example are
the group-12 metals zinc, cadmium and mercury [3]. The
application of the method of increments [4] for the
correlation energy in solids based on any size- extensive
correlation method like coupled cluster to metals such
as magnesium, zinc, and cadmium [5] considerably improved our understanding of binding in these metals
compared to the DFT approach.


