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Density functional theory (DFT) provides a solid basis for the simulation of materials properties. The
computational expense of DFT makes the calculation of thermodynamic or dynamic properties of
materials difficult. We coarse grain the interatomic interaction from DFT at two levels of approximation
to allow for faster and larger simulations. First, a tight-binding model is derived from a second-order
expansion of DFT in a minimal basis. The parameters in the tight-binding model are obtained directly
from minimal basis DFT calculations. In a second step the tight-binding model is approximated locally
and analytically, resulting in the analytic Bond-Order Potentials (BOPs). Because of the derivation of the
BOPs from DFT, contributions of magnetism and charge transfer to bond formation are directly taken
into account. The BOPs are orders of magnitude faster than DFT and allow for the direct sampling of
thermodynamic observables.

I will discuss the application of the BOPs to simulating finite temperature magnetism in iron, in
particular the ferromagnetic to paramagnetic phase transformation and the alpha-gamma transition and
the prediction of some mechanical properties. I will further discuss atomic simulations for phase
stability, nucleation and solid-solid transformations with relevance to high-temperature materials.
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