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ABSTRACT The concept of “atoms in molecules” (AIM), is probably one of the most
successful concepts in chemistry. It states that the properties of a molecule can be seen
as simple sums of the properties of the molecules’ constituent atoms. This shows that
the concept of AIM is strongly linked to the concept of transferability. Since both are
central in chemistry, and chemists mainly focus on molecules, they are generally used to
investigate molecules. There is, however, no reason why these concepts should not hold
for solids. Even more, if these concepts are truly valid, they should work equally well for
solids as for molecules and thus provide additional insight in the chemical properties of
defects such as dopants and interfaces.

The AIM concept is centered around the question of how one should divide a molecule,
or more general a system, into “atoms”. Practically, this means dividing the electrons. In
real-space one divides the charge density distribution, either using non-overlapping regions
(e.g. Bader’s approach) or overlapping regions (e.g. Hirshfeld and derived methods).[1, 2,
3]

We have implemented an extension of the iterative Hirshfeld-1 approach to periodic
systems.[4] This implementation makes use of precalculated pseudo-potential based charge
density distribution grids. We show how the accuracy is influenced by the used grid spac-
ings, and that the use of pseudo-potentials has no negative influence on the results.

We identify a delocalization problem due to the use of plane waves and periodic boundary
conditions, and present a simple and satisfactory solution.

This extension of the Hirshfeld-I method allows for the easy calculation of atomic
charges and charge transfer in periodic systems, such as wires, surfaces and bulk materials.
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