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The substitution of silicon for germanium in Mn 5 Ge 3 leads to a decrease
in the magnetization for x < 0.7 and then to phase transition toward a
non-collinear antiferromagnetic order for Mn5Si3. The magnetic properties
of Mn5Ge3 and Mn5 (Ge0.5 Si0.5 )3 are analyzed by means of band structure
calculations.
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1. Introduction

The intermetallic compounds of manganese present a lot of crystallographic
and magnetic structures. The ternary compounds Mn 5 (Ge 1 _ x Si x )3 exhibit a complex and rich magnetic phase diagram. Thus this system has been experimentally
studied in order to characterize the nature of chemical bondings and magnetic
interactions between manganese and metalloid atoms [1]. Mn 5 Ge 3 is a two sublattices ferromagnet and Mn 5 Si 3 — a complex non-collinear antiferromagnetic material. Both the compounds adopt hexagonal packing with space group P6 3 /mcm.
We have undertaken band structure calculations of this system with the use of
augmented spherical waves (ASW) [2] and Korringa—Kohn—Rostoker (KKR) [3]
methods. The disordered systems were described by KKR method with coherent
potential approximation (CPA).
2. Mn5Ge3

In the framework of classical theory of binary alloys, a mean value of magnetization could be calculated [4]. For an Ax B1_xMn0.625Ge0.375 alloy this model
leads to the following expression: µA = μA° — ZB a , where ZB is the number f
the moment of the magnetic atom. If
valence electrons for the B metal and μ
we assume Mn2+ ions in a high spin state (μ 4n2+ = 5μB) and ZB = 4, we obtain
a value µ4n = 2.6µB in agreement with experiment. In fact, this model is too
—
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crude as the manganese atoms are not differentiated. The cell contains two crystallographic independent sets of manganese atoms: Mn(4d) in a fourfold position
and Mn(6g) in sixfold position. The difference in the neighborhood could lead to
very different magnetic moments on these two kinds of atoms. Some contradictory
models have been proposed to explain these phenomena [5, 6], therefore we have
undertaken band structure calculations including complementary ASW and KKR
methods in order to differentiate the various models. We do not observe significant
differences between electronic spectra obtained from ASW and KKR methods, as
the spin-polarized density of states (DOS) from ASW method are only presented in
Fig. 1. The metallic character of the compound is confirmed even though the DOS

Fig. 1. The spin-projected densities of states of Mn5Ge3 (from ASW method).
at the Fermi level (EF) are weak. The Ge 4s bands are located between —12 and
—8 eV below EF. Beyond —7 eV, Ge 4p and manganese (Mn(4d) and Mn(6g)) 3d
bands are observed. These bands, crossed by EF, are strongly mixed with Ge 4p
states leading to a broadening of manganese bands and a slight polarization of
Ge which is antiparallel to Mn one. The magnetic moments, hyperfine fields and
spin—orbit coupling constants are reported in Table I together with the most recent
experimental results [7]. The two calculations give similar results and are in good
agreement with these neutron measurements. The two sets of manganese atoms
have very different magnetic behavior (various p, Hhf, ζ3d), therefore these calculations definitely rule out the previous model by Kanematsu [5] and confirm the
measurements of Forsyth and Brown [7].
3. Mn5( Gel — x Six )3

The effect of the interaction manganese—metalloid may be studied by the
substitution of silicon for germanium in the ferromagnetic domain. In a first step
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TABLE I
Calculated magnetic properties of Mn5Ge3.

TABLE II
Calculated magnetic properties of Mn5(Ge0.5Si0.5)3.

Mn5(Ge0.5Si0.5)3 is computed (ASW and KKR-CPA), the magnetic moments are
given in Table II. In the case of KKR-CPA calculations, the magnetic moments on
metalloid atoms show antiparallel polarization as in Mn5Ge3 while for ASW the
values are slightly positive. In fact, KKR-CPA results are probably more accurate
because ASW method is based on the atomic sphere approximation (ASA) and the
local magnetic moments (and charges) depend on the choice of sphere radii. The
total magnetization is reduced by about 1B. The variation of magnetic moments
on manganese atoms seems slightly more important for Mn(4d) than for Mn(6g).
The effect of decrease in the magnetic moments when moving on magnetic diagram
from x = O to x = 0.7 (upper limit of ferromagnetic domain) could be connected
with lattice parameters changes and Mn—Mn distances. A quasi-linear decrease in
cell parameter [8] is observed with increasing silicon content. Experimentally, an
empirical law has been written µ = (2.48 — 0.67x)µB which is coherent with our
results. For x > 0.7 the positive exchange contribution between manganese atoms
decreases quickly and the total magnetization falls down to zero with x = 0.85 [9].
Such behavior, at magnetic phase transition region, could be analyzed with further
total energy KKR-CPA computations.
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4.

Conclusions

The difference of coordination of manganese atoms with germanium (and/or
silicon) could not completely explain the large difference of magnetic moments
between two kinds of Mn. In fact, Mn(6g) atoms have got ten neighbors for eight
in the case of Mn(4d). In this case two of these neighbors are very close and
this suggests a high interaction Mn—Mn and then a low magnetic moment. Such
a phenomenon has already been observed in a lot of manganese alloys. A better
interpretation of chemical bondings Mn—Mn and Mn—Ge (Mn—Si) could be made by
the calculations of magnetic crystal orbital overlap populations (COOP) [10]. Such
calculations are now in progress. In another step, the complex antiferromagnetic
structure of Mn5Si 3 could be computed using the non-collinear version of ASW
code [11].
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