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Band model for magnetism of transition metals in the spin-
density-functional formalism
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Abstract. The Hohenberg-Kohn-Sham spin-density-functional (sDF) formalism is applied
to calculate magnetic properties of transition metals. A Stoner-like band model is derived
in the sDF formalism, The solutions of the SDF equations are assumed to have Bloch
character and perturbation theory is used to show that the energy splitting between
spin up and spin down states is approximately wavevector independent and proportional
to an energy-dependent Stoner parameter. This result makes it possible to obtain magnetic
properties from the paramagnetic density of states and the Stoner parameter alone.

Results in the local-spin-density approximation for the Stoner parameters of V, Fe,
Co, Ni. Pd, and Pt are presented. The relative stability of the para and ferromagnetic
states is found to be correct for all the elements investigated and the total magnetization
compares favourably with experiment. Values for the Curie temperature are systematically
too high. Experimental estimates of the Stoner parameter are compared with the calcu-
lated values and the deviation is at most a few tenths of an eV.

1. Introduction

A major difficulty in the description of magnetism in transition metals stems from
the d electrons being neither completely localized nor completely itinerant. The band
theories of magnetism, e.g., the Stoner model, stress the itineracy. They can explain
the low temperature properties (e.g.. Herring 1966, Cracknell 1971, Freeman et al
1975) of several transition metals in terms of an adjusted band structure though
the construction of a first principle potential required in the calculation is still a
major problem (Brinkman 1973).

The Hartree-Fock approximation is frequently used as a basis for band theories
(Wohlfarth 1953. 1968). However, the importance of correlation for magnetic proper-
ties was pointed out at an early stage by, e.g., Wigner (1934) and Wohifarth (1953).
Band theories can also be obtained in the Kohn-Sham scheme (Kohn and Sham
1965) in its generalization to a spin-density-functional (SDF) formalism. This formalism
allows the inclusion of correlation effects, while retaining the conceptual and compu-
tational simplicity of the band picture. In principle, an improved description of corre-
lation effects involves ‘simply” an improved construction of the exchange-correlation
function occurring in the theory.

Band theories can include a tendency to formation of localized moments, i.e.
the propagating states may have site- and spin-dependent amplitudes, giving magnetic
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