First-principles study of atomic, electronic, and magnetic properties of iron pnictides
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Using the first-principles pseudopotential calculations, we systematically study the atomic, electronic, and magnetic structures of the undoped parent materials LaOFePn with Pn=P, As, and Sb, and other FePn compounds. In all compounds considered, our calculations predict that the spin-density-wave (SDW) type antiferromagnetic state is the ground state, consistent with available experimental observations. In LaOFePn, it is found that increasing lattice parameters from P to Sb compounds result in decrease of Fe 3d-related energy-band dispersions near the Fermi energy (Ef), enhancing the density of states at Ef (N(Ef)) in the non-magnetic state, in general. The stability of the SDW-type antiferromagnetic state against the non-magnetic state and the magnitude of the Fe magnetic moment increase from P to Sb compounds in LaOFePn and other FePn compounds, which is discussed in relation to the increasing intra-atomic exchange coupling of Fe 3d orbitals and Fermi surface nesting property of each compound. The increased N(Ef) and enhanced SDW state of the hypothetical compound LaOFeSb are also discussed in conjunction with the possible superconductivity in this material. This work was supported by the KRF (KRF-2007-314-C00075), the KOSEF Grant No. R01-2007-000-20922-0, and the BK21 project. Computational resources have been provided by KISTI Supercomputing Center (KSC-2008-S02-0004).
