
Vol. 136 (2019) ACTA PHYSICA POLONICA A No. 1

Antiferromagnetic Structure and Electronic Properties
of Mn2PtSn

G. Elouereda, D. Bensaidb,c,∗, F. Benzoudjia, O. Arbouched, Z. Bouyakoubb,
N. Moulayb and M. Ameria

aPhysics Department, Faculty of Science, University of Sidi-Bel-Abbes, 22000, Algeria
bLaboratory Physico-Chemistry of Advanced Materials,University of Djillali Liabes,

BP 89, Sidi-Bel-Abbes, 22000, Algeria
cInstitute of Science, University Belhadj Bouchaib, BP 284, Ain-Temouchent, 46000, Algeria

dDrTahar Moulay University of Saida, 20000 Saida, Algeria
(Received April 8, 2018; May 1, 2019; in final version May 3, 2019)

Mn2PtSn tetragonal is promising for spintronic devices, especially for spin-transfer-torque based devices. We
apply the density functional theory formalism to make a detailed study of the structural, magnetic, and electronic
properties for Mn2PtSn crystals. The dependence of the elastic constants Cij for cubic and tetragonal structure, the
aggregate elastic moduli B, G, and the anisotropy A, along with the related mechanical properties are investigated.
The Curie temperatures and the magnetic moments in both the cubic as well as tetragonal phases have been
calculated. Mn2PtSn can be studied in inverse tetragonal crystal structure with antiferromagnetic spin order.
Because of the high magnetic anisotropy, low magnetization, and high spin polarization at the Fermi level, this
material is expected to be promising for spin-transfer-torque applications.
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1. Introduction

The groups of Mn-based tetragonal compounds from
the Heusler family are very important materials and have
attracted considerable attention for their potential ap-
plications in many areas. In this family of compounds,
Mn2PtSn has attracted considerable attention due to its
hard-magnetic behavior and possible applications in spin-
transfer-torque (STT) based devices [1–3].

Mn2PtSn has been predicted to have ferromagnetic
spin phase at the Curie temperature TC = 374 K
in the inverse-tetragonal crystal structure (space group
No. 119, I 4̄m2) with high magnetocrystalline anisotropy
(∼ 50 Merg/cm3) and high spin polarization (P = 91%)
at the Fermi level [4, 5].

Mn3Sn has been predicted to crystallize in both hexag-
onal D019 and tetragonal D022 crystal structures, but
only the hexagonal phase has been characterized in ex-
periment [6]. Nelson et al. [7] have studied Mn3−xPtxSn
(x = 0, 0.5, 1) nanomaterials, and confirmed that the
Mn2PtSn has mainly inverse tetragonal structure with
the ferro- (or ferrimagnetic) behavior at room tempera-
ture and has carried relatively low magnetization, high
magnetic anisotropy, and low Curie temperature.

Mn2PtSn has been predicted to crystallize in two
crystalline structures, cubic F 4̄3m and inverse tetrag-
onal I 4̄m2 crystal structures. However, only the inverse

∗corresponding author; e-mail:
djillali.bensaid@cuniv-aintemouchent.dz

tetragonal phase (a = 4.512 Å, c = 6.084 Å) has been
synthesized in experiment by X-ray diffraction (XRD) [7].

Thus, in the present work, we investigate the elastic
and the electronic structure properties of Mn2PtSn by
using the full-potential linearized augmented plane wave.
In Sect. 2, we have made a brief review of the theoretical
method. The results and some discussions are presented
in Sect. 3. Finally, in Sect. 4 we summarize conclusions
drawn from our study.

2. Theory method

First principle calculations, based on the density func-
tional theory (DFT), have shown a good accuracy in the
study of many physical and chemical properties for a
wide scale of materials. The full-potential linearized aug-
mented plane wave (FP-LAPW) method , used for these
calculations [8], was implemented in Wien2k code [9–
11]. The exchange-correlation (XC) potentials were con-
sidered by the Perdew–Burke–Ernzerhof parameteriza-
tion of the generalized gradient approximations (GGA-
PBE) [12, 13]. The muffin tin radii (RMT) were chosen
to ensure nearly touching spheres and minimizing the in-
terstitial space. RMT×Kmax = 7 (where Kmax is the
magnitude of the largest K vector in the plane wave and
RMT is the average radius of the muffin tin spheres) was
used for the number of plane waves, and the expansion of
the wave functions was set to lmax = 10 inside of the muf-
fin tin spheres, while the charge density was Fourier ex-
panded up to Gmax = 12 (a.u.)−1, where Gmax is the pa-
rameter, which, in charge density Fourier expansion, sets
the magnitude of largest vector to 14. The Monkhorst–
Pack method in the Brillouin zone for our compounds
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is performed with 2000 special k-points [14]. To set up
the separation of valence and core states, the cut-off en-
ergy was chosen as −7 Ry. During the self-consistency
cycles we select the total energy convergence as 10−5 Ry.

3. Results and discussion

3.1. Structural properties

Mn2PtSn crystallizes into both structures. The first,
in non-centrosymmetric I 4̄m2 structure with two non-
equivalent Wyckoff positions occupied by Mn atoms:
Mn1 at 2b (0, 0.5, 0) and Mn2 at 2d (0, 0.5, 0.75).
Pt and Sn elements occupy the 2a (0, 0, 0) and 2c (0,
0.5, 0.25) positions. Secondly, the cubic structure with
Hg2CuTi type exhibits Td symmetry (space group no
216, F 4̄3m). In that structure the Mn2 atoms occupy the
non-equivalent 4b, 4d Wyckoff positions at (0.5, 0.5, 0.5)
and (0.75, 0.75, 0.75). The Pt and Sn are located on 4c
(0.25, 0.25, 0.25) and 4a (0.0, 0.0, 0.0) positions, respec-
tively, as shown in Fig. 1 with a schematic overview of the
type of magnetic order i.e. the Mn moments are oriented
perpendicular to the respective planes but the moments
have slightly different magnitudes in the two planes. The
Mn1 moments in the Mn–Sn plane are coupled antiferro-
magnetically to the Mn2 moments in the Mn–Pt plane.
The valence electrons of Mn, Pt and Sn are 7 (3d5 4s2), 10
(5d9 6s1), and 3 (4d10 5s2 5p2), respectively. We present
in this manuscript a detailed study of the structural,
electronic, and magnetic properties of antiferromagnetic
Mn2PtSn Heusler compounds, in the both phase struc-
tures. The volume and the c/a ratio optimization has
been performed and fitted by the Murnaghan equation
of state [15] to obtain the ground state lattice parame-
ters. The equilibrium lattice constant a, the c/a ratio,
bulk modulus B and its pressure derivatives B′ for both
the cubic and tetragonal phase have been computed and
are listed in Table I for the Mn2PtSn compounds. We
conclude that our results are in excellent agreement with
that obtained from other studies. As an example, Woll-
mann [16] proved that the tetragonal structure is more
stable for this material because the difference between
the minimum energy for the two structures is negative
(∆E < 0), while on the other hand the cubic structure
is unstable.

3.2. Mechanical properties and Debye temperature

In the first framework, we have calculated in this part
the elastic constants described by three constants for
cubic phase that is C11, C12, and C44, and six inde-
pendent constants for tetragonal symmetry, namely C11,
C12, C13, C33, C44, and C66. These constants are very
important for describing the different properties such as
stability, stiffness, hardness of materials because these
constants determine the response of the crystal to an ex-
ternal stress characterized by the modulus of elasticity
as a bulk modulus, Young modulus, shear modulus, and
Poisson ratio [17, 18].

Fig. 1. Crystal and magnetic structure of Mn2PtSn,
for the two structures: inverse cubic structure (F 4̄3m)
and the inverse tetragonal structure I 4̄m2, with Mn1
(red spheres) sitting in the Mn–Sn plane and Mn2 (yel-
low spheres) sitting in the Mn–Pt planes. The Sn atoms
are shown as green spheres. The arrows represent the
direction of the magnetic moment at each atom.

TABLE I

The lattice parameters a, c/a, bulk modulus B (GPa),
relative volume change Ct/c and energy differences ∆E
between the cubic and tetragonal phases, respectively, for
Mn2PtSn compared with other experimental and theoret-
ical results

Phase a [Å] c/a B [GPa] B′ Ct/c ∆E [Ry]

cubic
6.3839

1.00 119.97 4.31

−0.11617

6.39a

tetragonal

4.1421 1.825 117.13 4.84 −0.328
4.509b 1.3477b −0.35a
4.512c 1.3484c

4.201d 1.32d

4.15a 1.81a
a Ref. [16], b Ref. [4], c Ref [35], d Ref. [7]

In order to compute polycrystalline elastic moduli, we
apply the Voigt–Reuss–Hill approximation [19]. In this
approach, the actual effective modulus for a polycrys-
talline system is approximated by the arithmetic mean
of the two well-known bounds for monocrystals accord-
ing to Voigt [20], Reuss, and Agnew [21].

The polycrystalline mechanical properties calculated
here include the bulk modulus B, shear modulus G,
Young’s modulus E, Poisson’s ratio σ and the Debye
temperature θD [22, 23]. The mathematical formulation
is provided in the following equations:

BV =
1

3
(C11 + 2C12), GV =

C11 − C12 + 3C44

5
,

GR =
5(C11 − C12)C44

4C44 + 3(C11 − C12)
, BV = GR. (1)

For cubic solid and for a tetragonal solid

BV =
2

9

(
C11 + C12 + 2C13 +

C33

2

)
,

GV =
12C44 + 12C + C11 + C12 + 2C33 − 4C13

30
,
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GR =
5(C11 − C12)C44

4C44 + 3(C11 − C12)
,

BR =
C33 (C11 + C12)− 2C2

13

C11 + C12 + 2C33 − 4C13
. (2)

Hill has estimated the average bulk and shear moduli
from relationships

B = 1/2(BV +BR), G = 1/2(GV +GR). (3)
In the above equations, the subscript V denotes the Voigt
bound and R denotes the Reuss bound, The Young mod-
ulus E and Poisson’s ratio σ are connected to B and G
by relations

E =
9BG

3B +G
, σ =

3B − 2G

6B + 2G
(4)

The Debye temperature θD is an important fundamental
parameter and is closely related to many physical prop-
erties of solids such as the specific heat and melting tem-
perature. One of the standard methods to calculate θD
is from elastic constants data, since it may be estimated
from the average sound velocity vm, using the following
equations [24]:

θD =
h

kB

(
3n

4πVa

)− 1
3
vm, vm =

[
1

3

(
2

v3t
+

1

v3l

)]− 1
3
,

vl =

(
3B + 4G

3ρ

)0.5

, vt =

(
G

ρ

)0.5

. (5)

Here vm is the average sound velocity, h is Planck’s con-
stant, kB is Boltzmann’s constant, Va is atomic volume,
vl and vt are the longitudinal and transverse sound ve-
locity, respectively. The calculated values of longitudinal,
transverse, and average sound velocity (vl, vt, and vm in
m/s) as well as the Debye and melting temperature for
both the cubic and tetragonal phases for Mn2PtSn are
listed in Table II.

TABLE II

The longitudinal, transverse, and average sound veloc-
ity (ϑl, ϑt and ϑm in m/s) as well as the Debye θD for
Mn2PtSn compound

ϑl ϑt ϑm θD Melt. temp.
F 4̄3m 8830.03 7098.6 7523.82 884.17 944.013 ∓ 300

I4̄m2 4022.44 1972.72 2215.48 260.59 1166.08 ∓ 300

For cubic crystal structures, the necessary conditions
for mechanical stability are given by

C11 − C12 > 0,

C11 > 0, C44 > 0,

C11 + 2C12 > 0.

C12 < B < C11.

(6)

The stability criteria for a tetragonal crystal [25] are
C11 > 0, C33 > 0, C44 > 0, C66 > 0,

C11 − C12 > 0,

C11 + C33 − 2C13 > 0,

2(C11 + C12) + C33 + 4C13 > 0.

(7)

Table III shows the numerical values of our computa-
tion of all the elastic constants for both the structures.
These values for cubic structure satisfy all the stability
criteria, except the condition C11 − C12 > 0. Thus we
have concluded that the F 4̄3m Mn2PtSn is mechanically
unstable.

TABLE III

Calculated elastic constants Cij (in GPa), elastic modu-
lus (G and E) (in GPa), Poisson’ ratio (ν), B/G ratio,
shear anisotropic factor (A) for the two different shear
planes (A1 and A2) for both the cubic and tetragonal
phases for Mn2PtSn compound

Phase Cubic Tetragonal
C11 66.16 185.18
C12 141.86 56.66
C13 – 106.58
C33 – 171.019
C44 52.17 57.26
C66 – 24.55

G [GPa] 90.03 42.21
E [GPa] 216.04 113.26

A −1.899 A1 = 1.6,
A2 = 0.382

ν −0.413 0.341

Only the I 4̄m2 (Mn2PtSn) phase was found to be me-
chanically stable i.e. its elastic constants obey the con-
ditions described in relation (7).

The different elastic constants of cubic and tetragonal
Mn2PtSn at 0 GPa and 0 K are listed in Table III. There
is currently no experimental measurement of elastic con-
stants for us to compare.

In the present calculations for tetragonal structure
C11 > C33, which exhibited that the bonding strength
along the axis [100] and [010] direction is stronger than
that of the bonding along the axis [001] direction. More-
over, C66 > C44 predicts that the shear in axis and plane
[100] (010) is easier than shear in the axis and plane [100]
(001), respectively.

The ratio B/G indicates the ductility or brittleness
of the materials, the factor that indicates the resistance
to change of volume by the applied pressure which is the
bulk module. On the other hand, the resistance to plastic
deformation is represented by the shear modulus G.

The B/G value for the tetragonal structure is 2.77
which proves that the Mn2PtSn material behaves
ductile.

Elastic or thermal anisotropy is responsible for the
microcracks induced in alloys. To measure the degree of
anisotropy in the bond between the atoms in different
planes it is necessary to calculate the anisotropic shear
factors. The anisotropic shear factors along shear planes
{100} and {001} are defined as follows [26]:{

A1 = A{100} = 4C44

C11+C33−2C13

A2 = A{001} = 2C66

C11−C12

(8)
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Fig. 2. Calculated the spin up and down band structures for tetragonal (I 4̄m2) Mn2PtSn along the high-symmetry
axes of the first Brillouin zone.

The measure of the degree of elastic anisotropy of the
crystal is given by the deviation of A1 and A2 to a one.
In the case of an isotropic crystal the factors A1, A2

must be equal to one. Our results indicate that the elas-
tic anisotropy is not unity (A 6= 1) which means that
the Young modulus E(r) exhibits a non-spherical distri-
bution, and the crystal would not be stable in the cu-
bic structure due to the Born–Huang criteria [27]. We
note that there is no experimental data to verify our
results.

3.3. Electronic and magnetic structure
The existence of a high state density peaks (DOS) near

EF indicates the structural instability of the cubic phase,
which is the van Hove singularity [28]. Several attempts
have been found in literature to explain the instability of
the cubic phase using the Teller effect [29, 30], anoma-
lous phonon vibrations [31, 32], and the Fermi-surface
nesting [33].

For the Heusler compound Mn2PtSn, the coordinated
Mn atoms of octahedra generally have the d4 configura-
tion of the Mn+3

2 ions and are therefore very sensitive
to the Jahn–Teller distortions. If the corresponding de-
generated eg states are found at EF for c/a = 1, the lo-
cal minimum of the total energy will be shifted towards
c/a = 1.8.

In Fig. 2 we present the band structure of Mn2PtSn
for the two spin directions (up and down). It is obvious
from the result that our compound has a metallic over-
lap at the Fermi level because of the approach we used.

Since, we find in our materials the electrons of 3d and 5d
transition metals which are strongly correlated, it is nec-
essary to provide another approach to solve this problem,
a work that we hope to do in the future.

We try to give an explanation on the instability of the
cubic phase based on the DOS study. For the cubic phase,
the partial PDOS is shown in Fig. 3a.

The cubic phase is unstable as we see clearly the
redistribution of spectral density above the Fermi en-
ergy, such that a high DOS near EF is moved down by
the overture up of a “valley” near EF in the tetragonal
phase. It is seen that the redistribution occurs partic-
ularly in eg states with considerable overlap of the t2g
states in the majority channel. The Mn(4b) d-states
are separated because of the strong crystal field split-
ting. We note that the occupied eg states are situat-
ing in an interval between −3.25 and −1.65 eV. On the
other hand, the t2g states in PDOS is found between
−1.25 eV and the Fermi level EF. Although then, sep-
aration of the occupied and empty states prohibits the
strong exchange split of the Mn(4b) d-states, in con-
trast to the d-states of Pt(4c) and Mn(4d), which are
found to be more extensively dispersed, even if the major-
ity and minority states are separated owing to exchange
splitting.

The PDOS of the cubic phase are comparable to the
PDOS of the tetragonally distorted systems, Therefore,
we note that the resulting PDOS are widely scattered
and significantly less structured.
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Fig. 3. Density of states of (a) cubic (F 4̄3m) and
(b) tetragonal (I 4̄m2) Mn2PtSn.

In Fig. 2b we present the total and partial DOS for
tetragonal phase. It can be found that the general shapes
of the cubic and tetragonal DOS are quite similar, with
disappearance of the peaks in the tetragonal DOS at 3 eV
in majority and minority states.

The amount of DOS at EF is decreased after the tetrag-
onal distortion which increases the spin polarization for
this phase. The same mechanism has been observed for
Mn2PtIn [34]. In Fig. 3 we clearly see a great contribu-
tion for the majority spins due to the d states of Mn1 in
the conduction band and it disappears during the tetrag-
onal distortion. The cubic phase is highly symmetrical
than the tetragonal phase, which influences the distribu-
tion of the DOS around the Fermi level and even on the
distribution of the 3d states for the two Mn.

In Mn2-based Heusler family compounds (cubic or
tetragonal) we can find the antiparallel alignment of the
magnetic moments in both of the different Mn sublat-
tices. Although, not all Mn2YZ accept noncollinearity
of magnetic moment. The typical collinear ferrimagnetic
state is due to a very significant exchange coupling be-
tween the nearest Mn1 (2b) and Mn2 (2d) atoms, which
is characterized by a high exchange constant.

The collinear ferrimagnetic order cannot explain the
measured saturated magnetization in the tetragonal
Mn2RhSn, Mn2PtIn, and Mn2IrIn. For Mn2PtSn we find

that the collinear order can be agitated by the next im-
portant interaction j couplings between the Mn(2d)–Pt
planes.

This interaction is antiparallel due to its indirect in-
teraction origin realized through the Sn atom. The ex-
change constant j has a tendency to pivot the antiparallel
moments to each other of the closest Mn(2d)–Pt planes.

In the Mn(2d)–Pt plane, the Mn moment indicates
the value of 3.344 µB which couples antiferromagneti-
cally to the Mn moments in the Mn–Mn plane, which
have a low total moment of 0.037 µB for tetragonal struc-
ture. The magnetic moment value of Mn2PtSn for the
antiferromagnetic order is 3.344 µB/Mn which is larger
than the experimental saturation magnetic moment value
1.9 µB/Mn [35] and is in good agreement with the value
3.3 µB/Mn predicted theoretically [16].

In Table IV we presented the total magnetic moment
as the combination of the moments at the Mn, Pt, and
Sn sites with comparisons a literature data. This big
difference between the calculated and experimental mo-
ment value is due to the real spin structure in the inverse
tetragonal Mn2PtSn. This deficit may be different from
the one assumed in the theoretical calculation where the
collinear situation of the magnetic moment is not appli-
cable to this compound. We note that Mn2PtSn follow
the isostructural model Mn2RhSn which requires that
the spin structure to be non-collinear [36].

TABLE IV

Calculated total and local magnetic moment (in Bohr
magnetons µB) for both the cubic and tetragonal phases
in the ferromagnetic and antiferromagnetic order for
Mn2PtSn.

Phase
Mtot

[µB]
MMn1

[µB]
MMn2

[µB]
MPt

[µB]
MSn

[µB]

cu
bi
c FM 7.05 2.985 3.342 0.282 −0.034

AFM
0.185 −3.202 3.427 0.0406 0.016
0.19a

te
tr
ag
on

al FM
6.99 3.384 3.065 0.179 −0.06

6.66b

AFM
0.028 −3.307 3.344 0.001 0.00007
−0.02a 3.3b

1.9c
a Ref. [16], b Ref. [4], c Ref. [35]

The Heusler tetragonal compound is a promising new
generation of hard magnets. Mn2PtSn possesses a very
high magnetocrystalline anisotropy energy (MAE) be-
cause it has a number of electrons with a valence of
NV = 28 which is directly related to ∆E, the energy
difference between the van Hove singularity and EF, and
a particularly high conductivity importantly causing a
weak crystallographic symmetry. The highest magne-
tocrystalline anisotropy (MCA) is 3.04 for Mn2PtSn with
low TC = 374 K [4], which becomes a disadvantage. The
materials that have a high MCA are also good candi-
dates for STT applications. It remains to settle the TC
for Mn2PtSn either by doping or substitution.
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The distortion tetragonal can induce a very high MAE
of up to 5 MJ m−3 for the Heusler compounds containing
Pt, comparable to the best known transition metal mag-
net L10-FePt, and of up to 1 MJ m−3 for the Co rich but
Pt free Heusler compounds [37]. In the case of Mn2PtSn
where a distortion occurs the volume change is found to
be very small nearly 0.19%.

The spin polarization is complete or almost complete,
P (EF) ≈ 100%, and it has been observed in cubic Mn2-
based Heusler compounds [38, 39]. From the density of
state, we can calculate the degree of spin polarization at
the Fermi level by the relation

P =
N (EF) ↑ −N(EF) ↓
N (EF) ↑ +N(EF) ↓

, (9)

P disappears below the magnetic transition temperature
in paramagnetic or in anti-ferromagnetic materials. Be-
cause of the approach used, we found a value of P smaller
than the value cited in literature because of the absence
of gap at the Fermi level for the minotary spin.

3.4. Exchange coupling and Curie temperature

Using the Liechtenstein formula [40] to calculate the
interactions of exchange, according to the Heisenberg
model the total exchange is Jtot = Jindirect +Jdirect. The
behavior of exchange interactions in Mn2-based Heusler
compounds is complex and short ranged. The conduction
sp electrons play a critical role described by Anderson’s
sd model. We can express Jindirect in terms of interaction
Ruderman–Kittel–Kasuya–Yosida (RKKY) [41–43].

The Curie temperature TC and the exchange interac-
tion Jij are attached by the following relation [31]:

TCkB =
2

3

∑
i 6=j

Jij . (10)

Here kB is the Boltzmann constant (kB = 1.38064852 ×
10−23 J/K) and Jij is the exchange interaction defined
by the relation:

Jij =
EFM − EAFM

2
. (11)

Here EFM is the total energy of the ferromagnetic state
(parallel spins), EAFM is that for the antiferromagnetic
state (anti-parallel adjacent spins).

We summarize, in Table V, the Curie temperature and
the spin polarization for both the cubic and tetragonal
phases for the Mn2PtSn compared with the available
data.

TABLE V

The calculated spin polarization at the Fermi level Pc, Pt,
the Curie temperature in kelvins of tetragonal TC,t and
cubic TC,c for Mn2PtSn compound. The changes due to
the tetragonal transformation are listed as ∆TC,t−c.

Pc Pt TC,c TC,t ∆TC,t−c

8.93% 24.74% 737.27 K 215.01 K −521.74 K
91%a 374 Ka

a Ref. [4, 5]

As mentioned in Table V, one of the main issues asso-
ciated with Mn2PtSn is its low Curie temperature (the
calculated value TC = 215 K). According to the work of
Huh et al. (see Fig. 3b of Ref. [35]), the Curie temperature
can be increased by increase of the lattice parameters a
and decrease of the ratio c/a.

We have found that the TC can be substantially in-
creased by substituting the another transition element,
for example, Co for a fraction of Pt atoms in Mn2PtSn.

4. Conclusion

We have studied the mechanical, electronic, and mag-
netic properties for both phases of Mn2PtSn compound
using the full-potential linearized augmented plane wave.
The elastic constants are calculated, yielding the related
mechanical properties including bulk modulus B, shear
modulus G, Young’s modulus E, Poisson’s ratio ν, and
the Debye temperature. We confirmed employing the sta-
bility criteria that Mn2PtSn favors the tetragonal phase.
We predict that the tetragonal phase of Mn2PtSn has
a Curie temperature (TC) below the ambient tempera-
ture which becomes an obstacle for technological applica-
tions. The magnetic properties are also investigated for
the ferromagnetic and antiferromagnetic order, and we
note that the total magnetic moment of the tetragonal
phase is a little larger than that of the cubic phase. This
compound at this phase may be promising candidate for
spin-transfer-torque applications as a consequence. Also,
it is important to indicate that the degree of spin po-
larization is smaller than the experimental value which
obliges us to adjust it and determine if this material is
useful for STT-based devices.
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