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Abstract

In this study, self-consistent(SC) first-principles calculations were performed, then Liechtenstein
formula was adopted to calculate exchange interaction constants based on the eigenfunctions obtained
by the self-consistent first-principles calculations. Vienna Ab-initio Simulation Package(VASP) was
employed for first-principles calculation, TB2J and Jx code of Open Source Package for Material
Explorer(OpenMX) was used for exchange interaction constants, and VAMPIRE was adopted for the
calculation of the critical temperature.

As aresult of an SC calculation, a ferrimagnetic state is most stable, the lattice constant of Mn4C is
3.784 A, about 0.088 A less than an experimental value 3.868 A, which are consistent with
experimental results. In the ferrimagnetic state, the magnetic orientation of Mny is antiparallel to Mny
Magnetic moments of Mn; and Mny; were calculated to be 3.358 pg and 1.259 pg, respectively, which
results in the total magnetic moment of 0.217 pp/f.u. This value was about 0.041 pg/f.u. smaller than
the experimental value of 0.258 pg/f.u.

Before calculating critical temperature of Mn4C, critical temperatures of typical ferromagnetic

materials of Fe, Co, and Ni, were calculated to confirm reliability of the present calculational
methods. The mean exchange constant | = §Z<i i>Jij» where J;; is the exchange coupling constant
between site i and site j. We have Jz, = 6.7284 X 1072 ]/pair, J-, = 5.4201 X 10721 J/pair,
Jni = 3.0540 X 10721 ] /pair. Using the mean exchange constants, the critical temperatures

calculated by the Landau-Lifshitz-Gilbert equation (LLG) are T." = 1036 K, T.“° = 1337 K, TN =

698 K, and the transition temperature of Mn4C is ~900 K.
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