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Abstract. Ab initio calculations of the magnetic properties and site preference of Mn in Fe3−xMnxSi
were carried out using density functional theory and employing the TB-LMTO-ASA method. Qualitative
agreement with the experimental results is obtained for site preference as well as for total and local magnetic
moments. It is postulated that short-range order would explain observed discrepancies between theoretical
and experimental results.

PACS. 71.20.Be Transition metals and alloys – 75.50.Bb Fe and its alloys – 71.20.Lp Intermetallic
compounds

1 Introduction

Doped Heusler compounds Fe3−xMnxSi with varying Mn
content have been investigated experimentally and the-
oretically. Unusual magnetic and thermal properties of
Fe3Si with Mn substituted for Fe were studied in [1–6].
In addition, the interest in Fe3−xMnxSi with low Mn con-
tent, x = 0.05, was connected with its potential use as an
efficient neutron polarizer [7].

The parent Fe3Si crystallises in the DO3-type struc-
ture. This structure can be described as consisting of four
interpenetrating fcc Bravais lattices shifted along the body
diagonal, originating at (0, 0, 0), (1

4 , 1
4 , 1

4 ), (1
2 , 1

2 , 1
2 ) and

(3
4 , 3

4 , 3
4 ) positions and abbreviated A, B, C and D, re-

spectively. In the perfectly ordered structure iron atoms
occupy A, B and C positions whereas silicon atoms are lo-
cated at D sites. From the crystallographic point of view
there are two non-equivalent iron sites. A and C positions
are surrounded by four Fe and four Si atoms in the first co-
ordination sphere and are crystallographically equivalent.
Eight iron atoms in the nearest neighbourhood surround
site B.

In the stoichiometric compound Mössbauer spec-
troscopy indicates, that small amount of disorder is
present between B and D sites [1,2]. It means that some
silicon atoms occupy B sites. Nevertheless, this structure
combined with an experimental finding of the preferen-
tial occupation of sites by transition metal atoms [8–10],
makes it extremely useful for studying conditions of mag-
netic moment formation, as well as the dependence of
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these moments on the local environment. In particular
it was found experimentally that manganese atoms pref-
erentially occupy B positions up to a concentration of
x = 0.75. Above this concentration Mn atoms also occupy
(A,C) sites [9,11,12]. Moreover, Mössbauer measurements
indicated partial disorder between (A,C) and D sites while
doping with manganese atoms [13]. In other words, some
silicon atoms are located at (A,C) positions and, consis-
tently, some Fe atoms occupy D sites.

Fe3Si is a ferromagnet with a Curie temperature above
800 K [3,9,14]. Different electronic and magnetic proper-
ties are connected with two non-equivalent iron positions.
In Fe3Si compound, magnetic moment of iron at B po-
sition is reported to be within the range of 2.20µB [15]
to 2.44µB [14]. This value is close to the magnetic mo-
ment of iron found in bcc structure (2.2µB [16]). This is
not unexpected because the nearest neighbourhood of the
central iron atom at a B position is the same as for the
bcc Fe structure. Since the iron atom at an (A,C) site
has fewer Fe nearest neighbour atoms, its magnetic mo-
ment is smaller too, and within the range of 1.18µB [14]
to 1.35µB [15]. Silicon exhibits a small negative moment
arising due to the polarization of conduction electrons [4].
Substitution of iron by manganese atoms causes a de-
crease of the average magnetic moment and Curie tem-
perature TC [11]. With a small addition of Mn [17] the
decrease of the average magnetic moment was explained
within the framework of a band structure model. However
no systematic investigation was carried out to determine
the moment dependence on manganese concentration.
Experimentally it is observed that compounds with the
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concentration below x = 0.75 remain ferromagnetic. Fur-
ther doping with manganese leads to complex magnetic
behaviour. Mn3Si is a non-collinear antiferromagnet [18]
with the Neel temperature 25.8 K. Therefore competing
interactions arise at higher Mn concentration. Thermal
expansion studies of Fe3−xMnxSi for x = 1.2, 1.5 and
1.8 [5] have shown a decrease with x of the itinerant fer-
romagnetic character of this alloy. The coefficient of the
linear temperature-dependent specific heat obtained from
the Stoner-Wohlfarth model, has found to increase with
concentration of Mn. The magnon contribution to ther-
mal expansion shows a decrease with Mn addition whereas
the magnon part of the entropy increases, thus indicating
an increase of the magnetic disorder corresponding to the
localised moments [5]. This can be attributed to the an-
tiferromagnetic Mn-Mn interaction, which increases with
Mn concentration [5].

This paper presents results of the calculations of the
electronic structure of Fe3−xMnxSi compound in a range
of 0 ≤ x ≤ 0.5. A first-principles examination of this sys-
tem using a supercell approach has been employed to anal-
yse the site preference of manganese atoms and to describe
local magnetic properties of constituent atoms. An influ-
ence of the local environment on local magnetic moments
is discussed in detail.

2 Calculation details

The electronic structure of Fe3−xMnxSi has been studied
within the framework of the local spin-density approxima-
tion, using the self-consistent spin-polarized tight-binding
linear muffin-tin orbital method [19] in the atomic sphere
approximation (ASA). The exchange correlation potential
was taken in the form of von Barth and Hedin [20]. The
Langreth-Mehl-Hu non-local exchange correlation [21] was
added. The scalar relativistic wave equation was solved.

The total energy calculations were performed within
the ASA in which space is filled with overlapping Wigner-
Seitz (WS) atomic spheres. Due to that approximation,
several requirements have been fulfilled to minimize the
errors in the LMTO method. The symmetry of the poten-
tial is considered to be spherical inside each WS sphere.
A combined correction takes into account the overlapping
part [22]. The values of the atomic sphere radii are chosen
in such a way that the sum of all atomic sphere volumes is
equal to the volume of the unit cell. Moreover, the radii of
the WS spheres for various constituents were obtained by
requiring the overlapping potential to be the best possible
approximation to the full potential. They were determined
by an automatic procedure [22]. The overlap of the WS
spheres is approximately 8% for the whole studied con-
centration of Mn. A volume of the unit cell is set like for
the experimental lattice constant [9]. The atomic radii of
the WS spheres used in calculations are within the range
of 2.6 a.u. to 2.63 a.u. for atoms at an (A,C) site and of
2.66 a.u. to 2.69 a.u. for atoms at B and D sites.

The initial atomic configurations for every atom were
taken to be the same as for pure elements. We assumed for
Fe: core(Fe) + 3d64s2; for Mn: core(Mn) + 3d54s2; and for

Si: core(Si) + 3s23p2. The tetrahedron method [23] was
used for integration over the Brillouin zone (BZ). Calcu-
lations were carried out for at least 280 k-points in the
irreducible wedge of the Brillouin zone. The convergence
of the total energy with respect to the number of k-points
is attained, when the total energy is stable within 10−5

Ry or better.
All electronic structure calculations were carried out

using spin-polarised (ferromagnetic) approaches for five
values of the x parameter (0, 0.125, 0.25, 0.375, 0.5).

The supercell structure with 32 atoms was used in cal-
culations. It was obtained by the extension into the three
dimensional space of the basic positions of DO3 structure
(as in Ref. [19]). Eight positions in the supercell were occu-
pied by silicon atoms (D sites), whereas Fe and Mn atoms
occupied the remaining positions (A, B and C). A small
disorder effect which was observed experimentally between
(A,C) and D sites [13] as well as the disorder between B
and D [1,2] were neglected in the present calculations.

The used lattice parameters were the experimental
ones as given in reference [9]. The volume of supercell
increases almost linearly with manganese content in the
investigated range of concentration x (0 ≤ x ≤ 0.5).

3 Site preference

In order to study site preference of Mn in Fe3Si alloy some
of iron atoms in the supercell of the parent compound were
substituted by manganese, and total energies of all pos-
sible atomic configurations were studied, including also
the simultaneous occupation of both (A,C) and B-sites
by manganese. Our ab initio total energy calculations of
Fe3−xMnxSi suggest a site preference of manganese atoms
on the B sublattice. This is presented in Table 1, where to-
tal energies calculated for different atomic configurations
are quoted. The table shows atomic configurations which
exhibit minimal energy per atom, Emin, and how this en-
ergy is raised when Mn atoms occupy other sites.

For the lowest concentration considered (x = 0.125)
only one iron atom can be substituted by manganese in
the supercell. Mn can occupy either a B or an (A,C) po-
sition. The total energy of the configuration with one Mn
atom located at a B site is approximately 16 mRy/atom
lower than for a configuration for which an atom of sub-
stitution occurs on an (A,C) site. A similar situation is
observed for x = 0.25. The most preferable configuration
is one for which two Mn atoms are present at B positions.
A transfer of one Mn atom to an (A,C) position results in
an increase of the total energy by 8 mRy/atom. The third
possible configuration, for which two Mn atoms are occu-
pying (A,C) positions, is the least stable arrangement. Its
total energy is 54 mRy/atom higher than the minimum
energy. For x = 0.375 all examined configurations devi-
ating from B site substitution lie at least 28 mRy/atom
higher in energy. It is of interest to note that the energies
for configurations in 2nd and 3rd columns of the Table 1
are close to each other. Furthermore, for x = 0.5 all config-
urations other than 4Mn(B) substitution exhibit total en-
ergies of 155 mRy/atom higher. Moving manganese atoms
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Table 1. Results of total energy calculations (per atom). Only deviation from minimal energy values are quoted as a function
of x in Fe3−xMnxSi. The first line indicates configuration of Mn in the supercell, the second gives the total energy relative to
the ground state.

x

0.125 1Mn(B) 1Mn(A,C)
Emin Emin +16 mRy

0.25 2Mn(B) 1Mn(B)1,Mn(A,C) 2Mn(A,C)
Emin Emin+8 mRy Emin + 54 mRy

0.375 3Mn(B) 2Mn(B),1Mn(A,C) 1Mn(B),2Mn(A,C) 3Mn(A,C)
Emin Emin+30 mRy Emin+28 mRy Emin+82 mRy

0.5 4Mn(B) 3Mn(B),1Mn(A,C) 2Mn(B),2Mn(A,C) 1Mn(B),3Mn(A,C) 4Mn(A,C)
Emin Emin+155 mRy Emin+172 mRy Emin+175 mRy Emin+188 mRy

from the B to the (A,C) sublattice increases the total en-
ergy by 155 mRy/atom, 172 mRy/atom, 175 mRy/atom
and 188 mRy/atom.

Our results are in good agreement with experimental
findings [9–11], which indicated a strong B-site preference
of manganese for the concentration range considered.

4 Density of states

The spin-projected total densities of states (DOS) calcu-
lated in the TB-LMTO method for Fe3−xMnxSi (x = 0,
0.125, 0.25, 0.375, 0.5) are presented in Figure 1. The
Fermi level is taken as the zero of the energy axis. Pre-
sented results refer to the most stable configurations of
each Fe3−xMnxSi compound. Similar to Fe3−xCrxSi [24]
and Fe3−xVxSi [25], a gap is observed in lower energy
range in Fe3−xMnxSi alloys. This gap (from −0.64 Ry to
−0.53 Ry) reflects the large separation of atomic 3s states
of silicon from 3p silicon states and states 3d of transi-
tion metal elements. Thus, the total DOS consists of two
parts. The lower part (below −0.64 Ry) mainly consists of
3s silicon states. In the upper part (above −0.53 Ry) 3d
iron states overlap with 3d manganese states for non-zero
concentration of doping. With an increase of manganese
in Fe3Si the smearing of some peaks and partial filling of
some valleys in the total DOS are observed. The states
near Fermi level are mostly of d character with a small
p admixture. Furthermore, for the highest concentration
considered (x = 0.5) the total DOS strongly changes its
shape around Fermi energy. At the Fermi level a new peak
appears for the spin-up states. It is formed via the hy-
bridisation of 3d Fe(A,C) and 3d Mn(B) states. Such a
pattern can indicate a possible instability for the assumed
structure. This can have one of two reasons: the lattice
parameter can differ significantly from the lattice parame-
ter obtained from minimum total energy configurations or
alternatively for the real system a small deviation of mag-
netic moments from collinearity can occur. For x = 0.5 we
additionally optimised the lattice parameter via the total
energy minimalization. The minimum of the total energy
for Fe2.5Mn0.5Si is obtained at 10.185 a.u. This value is
4.7% lower than the experimental one [9]. At the theo-
retical lattice parameter the two changes are revealed in
the total DOS. The main peaks of the electronic structure
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Fig. 1. The spin-projected total density of states for
Fe3−xMnxSi alloys: Fe3Si, Fe2.875Mn0.125Si, Fe2.75Mn0.25Si,
Fe2.625Mn0.375Si and Fe2.5Mn0.5Si. The vertical line marks the
Fermi level.

visibly shift towards lower energy, and the magnitude of
these peaks changes. The lower-lying peaks for spin-up di-
rection shift more than peaks located close to the Fermi
level. The peak located at the Fermi level remains in the
same position (0 Ry). However its magnitude decreases
significantly. Thus, the contraction of the supercell can
not entirely eliminate this instability. Hence, a magnetic
instability is possible for Fe2.5Mn0.5Si due to the high DOS
at the Fermi energy.

Figure 2 presents the density of states for Fe(B).
Within the whole range of Mn concentrations Fe(B) atoms
have the same configuration of the first neighbour shell
consisting of 8 Fe(A,C) atoms (manganese atoms can ap-
pear only in the third neighbour shell). This local envi-
ronment is the same as in pure Fe crystallising in the bcc
structure. As a consequence a similar DOS is obtained [26].
Substitution of Mn on B site does not change the position
of the main peaks of Fe(B). This result can be associated
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Fig. 2. The spin-projected density of states for Fe in B position
for Fe3−xMnxSi alloys: Fe3Si, Fe2.875Mn0.125Si, Fe2.75Mn0.25Si,
Fe2.625Mn0.375Si and Fe2.5Mn0.5Si.

with a partial screening of the impurity Mn atom by its
first nearest neighbours. The drop of the intensity of the
main peaks of Fe(B) with concentration x, which is ob-
served in the DOS picture somewhat below the Fermi en-
ergy, is connected with a decrease of the number of iron
atoms on B positions. Manganese atoms on B positions
have the same nearest neighbours surrounding as Fe(B)
atom. The calculated DOS of Mn(B) (Fig. 3) reveals the
same features as the electronic structure of Mn atoms in
other Mn-based Heusler alloys with L21-structure [27].
Due to a large exchange splitting of Mn 3d states, the
typical separation of bonding and antibonding electronic
states is observed in the local DOS of Mn(B). Thus, below
Fermi energy the number of states for spin-up direction is
much higher than the number of states for spin-down. This
is demonstrated by the large magnetic moment of man-
ganese oriented parallel to the magnetic moment of iron.
It is interesting to note that the highly occupied electronic
states of Mn are located close to the Fermi level (EF ). This
yields a high total DOS at the EF .

The total electronic density of states N(EF ) increases
with Mn concentration. Thus, an increase of the electronic
specific-heat is expected for Fe3Si doped with Mn atoms.
Using the result of the presented calculations we estimated
the value of the electronic specific-heat coefficient using
the relation:

γ =
π2k2

B

3
N(EF ), (1)

where kB is the Boltzmann constant, N(EF ) is the total
electronic density of states for experimental lattice pa-
rameters. The electronic specific-heat coefficient and the
experimental value of lattice parameter are listed in Ta-
ble 2. The value of γtheor = 10.68 mJ/(mol K2) for x = 0.5
corresponds to the sharp DOS spike at the Fermi level for
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Fig. 3. The spin-projected density of states for Mn in B po-
sition for Fe3−xMnxSi alloys: Fe2.875Mn0.125Si, Fe2.75Mn0.25Si,
Fe2.625Mn0.375Si and Fe2.5Mn0.5Si.

Table 2. Electronic specific-heat coefficient γ in [mJ/(mol K2)]
for Fe3−xMnxSi.

x aexp [a.u.] γtheor

0 10.6829 6.44
0.125 10.6851 6.56
0.25 10.6872 7.88
0.375 10.6893 7.64
0.5 10.6915 10.68

spin-up electronic states of Mn(B) and of Fe(A,C). Indeed,
some experimental results have shown evidence of antifer-
romagnetic ordering in Fe3−xMnxSi for a somewhat higher
concentration of Mn [1,28,29]. This allows us also to con-
sider a noncollinear alignment for x = 0.5.

The nearest neighbour shell of Fe(A,C) in Fe3Si is
formed by two types of atoms: four silicon and four iron
atoms. At higher concentrations some manganese atoms
can be found in the surrounding of Fe(A,C). All this yields
much more structured DOS. Atomic 3d-levels of Fe(A,C)
(Fig. 4) are much less distinct than for Fe(B) (Fig. 2) and
Mn(B) (Fig. 3). With increasing manganese content the
difference decreases between spin-up and spin-down states
below Fermi energy. This is reflected in a decreasing mag-
netic moment of Fe(A,C) with manganese doping. For the
highest concentration a strong peak for the majority DOS
and a significant decrease of the density of states for mi-
nority carriers appears at the Fermi level. Something like
a pseudogap, slightly above the Fermi energy, is formed.
In order to shed more light on this issue the densities of
states of Fe in (A,C) position with a different local neigh-
bourhood for Fe2.5Mn0.5Si are presented in Figure 5. The
strong influence of neighbouring manganese atoms on the
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Fig. 4. The spin-projected density of states for Fe in
(A,C) position for Fe3−xMnxSi alloys: Fe3Si, Fe2.875Mn0.125Si,
Fe2.75Mn0.25Si, Fe2.625Mn0.375Si and Fe2.5Mn0.5Si.

iron density of states is seen. For the configuration of the
nearest shell consisting of only iron and silicon atoms, a
small peak is present for the majority DOS of Fe(A,C) at
the Fermi level. With increasing manganese content in the
nearest neighbour shell, a strong increase of this peak is
observed. This arises due to hybridisation of 3d states of
iron on (A,C) positions with 3d states of manganese at
the Fermi level.

Local densities of states of silicon are shown in Fig-
ure 6. In all alloys studied here Si atoms are located at
D positions. They are surrounded by 8 Fe(A,C) atoms.
Manganese atoms can appear only within the third neigh-
bour shell of silicon. Therefore the influence of the Mn
concentration on the silicon electronic states is small. A
complete separation of states below −0.64 Ry from elec-
tronic states with energies above −0.53 Ry is visible in the
silicon DOS picture. The lower energy part of this DOS
is formed almost uniquely by 3s spherical states, whereas
the higher energy part consists mainly of 3p states. They
exhibit asymmetry for spin-up and spin-down directions.
The peak at −0.29 Ry in the minority subband of Si, which
is derived from p-states, still remains at the same position
irrespective of the concentration of Mn.

5 Magnetic moments

The results of the self-consistent electronic structure cal-
culations allow for a detailed analysis of both, the total
and the local magnetic moments in Fe3−xMnxSi. The mag-
netic moment on Fe atoms strongly depends on the site
occupied by the atom in the unit cell and on the config-
uration of the nearest neighbours. A much weaker depen-
dence of the total magnetic moment on the concentration

Fig. 5. The spin-projected density of states for Fe in (A,C)
position for Fe2.5Mn0.5Si for different local environment con-
figurations. There are given in brackets configurations of 1NN,
m means local magnetic moment.

of manganese is observed. In the following discussion we
concentrate mainly on values of the magnetic moment for
configurations with the smallest total energy.

Because of the different local environment of B and
(A,C) positions, a different behaviour is expected of mag-
netic moments of atoms at these sites. It was reported by
Yoon [3] that the magnetic moment on B sites is approx-
imately constant up to a concentration of x = 0.75. In
contrast, the magnetic moment observed on (A,C) posi-
tions is claimed to decrease linearly to a value of 0.4µB

for x = 0.75. A similar behaviour of the iron magnetic
moment is obtained in our study (Fig. 7).

For pure Fe3Si compound the values of the magnetic
moments of Fe(A,C) and Fe(B) are equal to 1.42µB and
2.62µB, respectively. They are higher by about 0.2µB than
the moments determined using various experimental tech-
niques [14,15]. This may be explained by two effects.
Firstly, we neglect in our calculations partial disorder be-
tween D and B as well as D and (A,C) positions. Secondly,
experiments were carried out at non-zero absolute temper-
ature, while our calculations correspond to 0 K.

With doping the average magnetic moment of iron
slightly increases to a value of 2.72µB for the highest con-
centration considered (Fig. 7). Similar behaviour was ob-
tained in Fe3−xVxSi [25], where the vanadium moment
antiferromagnetically orientated with respect to the Fe
moment. When manganese atoms locate within the near-
est neighbour shell it causes, according to our calcula-
tions, a decrease of magnetic moment of iron. However
the presence of one manganese atom only within the third
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neighbour shell leads to a marginal increase of the mag-
netic moment of iron by about 0.01µB.

For the highest concentration the minimum energy was
obtained for a configuration with Fe(B) having 6 man-
ganese neighbours in the third shell. In all these cases the
iron atoms are having only iron atoms as the first nearest
neighbours. If configurations with higher total energies are
taken into account, we obtained result where iron atoms at

B position with the 3NN=8Mn,4Fe exhibit magnetic mo-
ment equal to 2.75µB. This indicates that this magnetic
moment does not much depend on the Mn concentration
within the 3rd n.n. shell.

An apparent decrease of the value of the Fe (A,C)
moment with concentration x is a consequence of the
first nearest neighbour shell of the iron atom. The mag-
netic moments of Fe(A,C) vary significantly depending on
the chemical environment. Manganese atoms can locate
within the first shell around Fe(A,C). A variety of differ-
ent atomic configurations of the local environment can be
obtained. This explains the rather sudden drop of the mag-
netic moment at x = 0.5. The average magnetic moment
of Fe(A,C) decreases nonlinearly from its value of 1.42µB

for pure Fe3Si compound to 0.49µB for Fe2.5Mn0.5Si alloy.
The overall decrease is produced mainly by manganese
atoms located within the nearest neighbour shell. Each
additional Mn atom substituting for Fe(B) causes the de-
crease of the magnetic moment of Fe(A,C) by about 0.2µB.
The experimentally observed value of 0.34µB [11,30] is
higher than the calculated one. For the concentration of
x = 0.5 the local magnetic moment of Fe changes drasti-
cally from 1.03µB when 1NN=4Fe(B),4Si(D) to −0.18µB

when only manganese and silicon atoms (1NN=4Mn,4Si)
are found in the first neighbour shell. The reversal of
the direction of the Fe magnetic moment with respect to
the total magnetic moment is similar to Fe3−xCrxSi with
x = 0.5 and 1NN=4Cr,4Si [31]. This indicates the pos-
sibility of a non-collinear configuration of magnetic mo-
ments. For the same configuration of local environment
(1NN=4Mn, 4Si) Kepa et al. assigned 0µB magnetic mo-
ment of Fe [12]. This agrees rather well with our results.
The difference can be explained by the fact the experi-
ment [12] has been conducted at room temperature. We
note, however, that this experiment was carried out on a
sample with Mn concentration below x = 0.5. Further-
more, the calculated rapid drop of Fe(A,C) magnetic mo-
ment for x = 0.5 is produced mainly by spin reorientation
when first neighbour shell is formed by 4 Mn and 4 Si
atoms. Therefore the observed differences between experi-
mental and theoretical value may well be explained by the
clustering of manganese atoms in the supercell. This was
indeed observed in neutron diffuse scattering experiments
for even lower Mn concentrations [12,30]. Because of the
limitation of the procedure applied here, such effects can
not be included into the calculation scheme.

The magnetic moment of manganese at B positions
is oriented parallel to the total magnetic moment as in
Fe3−xMnxAl [32]. Values of the magnetic moment of Mn
change within the range of 2.45µB to 2.60µB. Similarly
as for the iron atom, the presence of Mn in the third
neighbour shell substituting for iron atoms causes an in-
crease of magnetic moment of manganese. The lowest
value (2.45µB) corresponds to the atomic configuration
1NN=8Fe, 2NN=6Si, 3NN=12Fe, whereas the highest
value (2.60µB) is obtained for Mn atom with the following
local environment: 1NN=8Fe, 2NN=6Si, 3NN=6Fe,6Mn.
The values of the manganese magnetic moment obtained
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Fig. 8. The dependence of the total magnetic moment
on the concentration x for Fe3−xMnxSi alloys. The val-
ues of the magnetic moment are marked as squares and
as triangles corresponding to the experimental results of
references [3,15], respectively.

theoretically are about 0.2µB higher than the values de-
termined from neutron diffraction [29] and NMR data [3].

Within the whole concentration a small negative mo-
ment on silicon is present. A similar result was obtained
earlier for Fe3−xCrxSi [24]. Small negative polarisation of
silicon atoms was postulated also by Moss and Brown [33]
and by Dobrzyński [34].

Figure 8 presents the concentration dependence of the
total magnetic moment. The values presented concern
configurations with the lowest total energies. The value
of total magnetic moment visibly decreases from 5.36µB

for Fe3Si to 3.58µB in case of Fe2.5Mn0.5Si. The change of
the magnetic moment with the concentration is mainly de-
termined by the decrease of the magnetic moment on iron
atoms in (A,C) positions, which is in qualitative agree-
ment with the experimental data [11,15]. We note, how-
ever, that the experimental slope of the magnetisation ob-
tained from saturation magnetisation measurements [15]
is higher than theoretical one. This can be due to the fact
that the calculations did not take either partial disorder
between sublattices or short-range order into account.

6 Conclusions

Within the range of concentrations 0 < x ≤ 0.5
Fe3−xMnxSi fulfils the rule of selective location of Mn
atoms in non-equivalent positions [8–10]. The calculations
indicate a strong B site preference of manganese. Further-
more, the difference between the total energy of the most
preferable configuration and the total energies of other

configurations increases with concentration. One can con-
clude that within the studied concentration range no in-
dications are found of a tendency of Mn to occupy (A,C)
sites as observed experimentally for x > 0.75 [11].

The atomic magnetic moments and the densities of
states are obtained for the two non-equivalent positions.
The densities of states of Fe(B) resemble the DOS of Fe in
the bcc structure because of an identical configuration of
the nearest neighbour shell. Our results indicate that the
magnetic moment of iron depends on the position which
atoms occupies and on the local environment. Manganese
atoms located in the 1NN cause a decrease of magnetic
moments on iron atoms. While the magnetic moment of
Fe(A,C) is sensitive to the atomic configuration of the
nearest neighbour shell, the magnetic moment of Fe(B)
remains almost constant within the whole range of concen-
tration. The magnetic moment of manganese is oriented
parallel to the magnetic moment of iron atoms. The pres-
ence of manganese atom in the nearest neighbour shell
causes a decrease of an iron magnetic moment, whereas
manganese atom in the third shell leads to a small and
opposite effect. A small negative magnetic moment is in-
duced on the silicon atoms. The total magnetic moment
decreases with increasing Mn concentration. The observed
differences between experimental and theoretical rates of
drop can be attributed to the clustering of Mn atoms
reported in [12].
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