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We have adapted the maximally-localized Wannier function approach of [1] to the density

functional theory based Siesta method[2] and applied it to the study of Co substitutional

impurities in bulk copper as well as to the Cu (111) surface. In the Co impurity case,

we have reduced the problem to the Co d-electrons and the Cu sp-band, permitting us to

obtain an Anderson-like Hamiltonian from well defined density functional parameters in a

fully orthonormal basis set. An important insight into the impurity problem is provided by

the projected density of states onto the impurity Wannier functions (Fig. 1), showing sharp

spin and crystal field polarized peaks. This confirms the picture of a localized state weakly

perturbed by the continuum.

In order to test the quality of the Wannier approach to surfaces, we have studied the

electronic structure of the Cu (111) surface by again transforming the density functional

problem into the Wannier one. This can be in turn diagonalized (Fig. 2), showing that an

excellent description of the Shockley surface state is attained, permitting us to be confident

in the application of this method to the study of magnetic adsorbates in the presence of an

extended surface state.
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FIG. 1: Cobalt Wannier-function projected density of states for both spins. Zero energy coincides

with Fermi level.
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FIG. 2: Comparison of ab-initio band structure (grey) with the Wannier (color) of a Cu (111) slab.

Color indicates the admixture of surface Wannier functions to the eigenstate.
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