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Density functional theory is used to investigate the structural, electronic and magnetic properties of the
anti-perovskites NiNMn3 and ZnNMn3. The calculated structural parameters are found consistent with
the experimental results. The spin-polarized calculations of the electronic properties show metallic nat-
ure of these compounds. Furthermore the magnetic phase for each compound is optimized, which reveals
that both of these compounds prefer anti-ferromagnetic phase. The calculated effective magnetic
moments are also found consistent with the experimental values. The studies presented in this paper
confirm the magnetoresistive nature of these compounds.
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1. Introduction

The unique physical properties of the anti-perovskite com-
pounds are very attractive for advance hybrid devices [1]. The
anti-perovskite compounds have gained considerable attention
because of their interesting physical properties derived from the
relationship between magnetic properties and crystal lattice, such
as magnetostriction [2], giant magnetoresistance (GMR) [3,4], low
temperature coefficient resistivity (L-TCR) [1], negative thermal
expansion (NTE) [5] and superconductivity at high temperature
[6,7].

Mn-based anti-perovskite XAMn3 series with X = Ga, Zn, Cu, Ge,
Sn, Ni and A = N, C, B are metallic compounds with cubic structure
and space group Pm-3m. In these compounds A-atom lies at the
body-centered, Mn atoms are located on the face-centered, and
X-atom occupies the corners of a unit cell [8]. A comparison of
perovskite and anti-perovskite show that transition metal has six
nearest neighbor oxygens in perovskite structure, while Mn atom
has only two nearest neighbors (A-atoms) in the anti-perovskite
structure [9]. In anti-perovskite compounds the oxygen atoms
are replaced by transition metals (TM). In XAMn3, when cation-X
and anion-A sites are replaced by different elements (X = Ga, Zn,
Cu, Ge, Sn, Ni and A = N, C, B), an extended family of Mn-based
anti-perovskites can be obtained [10]. Due to strong hybridization
near Fermi level ANMn3 (A = Ni, Zn, Sn, etc.) narrow bands are
formed which depends on the number of valence electrons on A
site, because A site atom makes the system itinerant at Fermi level
[11]. These compounds show paramagnetic (PM) behaviour at high
temperature and anti-ferromagnetic (AFM) or ferromagnetic (FM)
at low temperatures [2,12].

The manganese nitride anti-perovskites have a number of
advantages over other materials, where they are stable in air and
mechanically hard as well as formed of economically cheaper
materials such as Mn, Ni and Zn. Manganese nitrides are also
metallic and have high electric and thermal conductivity [13].

Cubic anti-perovskite materials ANMn3 (A = Ni and Zn) are
similar to perovskite oxides [14]. Chu et al. [11] and Kim et al.
[15] experimentally prepared the polycrystalline sample of ANMn3

by mixing powder of Mn2N and pure A (A = Ni and Zn) in a bag
filled with nitrogen gas potted in an evacuated quartz tube. They
determined the cubic structure of the compound with a space
group Pm-3m by the Rietveld refinement method using powder
neutron diffraction data.

Between 160 K and 266 K temperature the magnetic structure
of NiNMn3 is the combination of two triangular AFM structures
C4g and C5g while below 160 K it exists in C5g AFM structure
[12,16] ZnNMn3 show different magnetic structures and properties
than NiNMn3. It changes from paramagnetic (PM) phase to AFM
phase at lower temperature with triangular C5g structure [17].
These compounds does not favor ferromagnetic phase; however
similar to NiNMn3 a direct transition from AFM to PM occurs with
the increase in temperature [8,9]. The magnetic phase transition
from AFM to PM in ZnNMn3 occurs at 190 K [18] ZnNMn3 some-
times shows sudden and irregular increase of few percent in lattice
volume at transition temperature from PM to AFM, which is called
magneto-volume effect (MVE) [5,19]. The magnetic transitions are
isostructural so that the crystal structure remains the same.
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Table 1
Calculated lattice constant (ao), bulk modulus (B), derivative of bulk modulus (B0),
ground state energy in ferromagnetic (EFM) and anti-ferromagnetic (EAFM) phases,
energy difference between FM and AFM phases (DEFM-AFM), and bond length (d) in the
cubic anti-perovskites NiNMn3 and ZnNMn3 compounds.

Parameters NiNMn3 ZnNMn3

ao (Å) 3.7875 3.7802
Exp. 3.886a 3.884b

B (GPa) 133.6735 260.2162
B0 1.9043 8.1929
EFM (Ry) �10093.5868 �10643.9448
EAFM (Ry) �10093.5930 �10643.9980
DEFM-AFM (Ry) 0.0062 0.0532
dMn–N (Å) 1.8637 1.8602
dMn–Ni/Zn (Å) 2.6357 2.6306

a [16].
b [15].

Fig. 1. Spin-dependent electronic band struct
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Therefore the magneto-volume effect is isotropic [13]. The partial
substitution of metal (e.g., Ag, Ge and Ga), in anti-perovskite man-
ganese nitrides XNMn3 on Ni and Zn sites make them suitable
materials for large negative thermal expansion (NTE) effects and
zero thermal expansion (ZTE) which can be used in optical applica-
tions magnetostriction, engineering and electronics [5,11,20,21].
Those materials which contract on heating show negative thermal
effects have many practical applications [22]. In these compounds
NTE occurs due to MVE [23]. The NTE materials are needed to con-
trol thermal expansion of materials, which have been widely used
for technical applications in high-precision (zero-expansion) opti-
cal and machinery parts, printed circuit boards and heat sinks
and an athermalizer for a Bragg gratings [24,25].

In present work we have theoretically studied the structural,
electronic and magnetic properties of Mn-based anti-perovskites
NiNMn3 and ZnNMn3 using generalized gradient approximation
ure by GGA (a) NiNMn3 and (b) ZnNMn3.
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Fig. 2. Spin-dependent total DOSs of (a) NiNMn3 and (b) ZnNMn3 per unit cell by
GGA, mBJ and by GGA + U.

Fig. 3. Partial DOSs of (a) NiNMn3 and (b) ZnNMn3.

Z. Ali et al. / Computational Materials Science 81 (2014) 141–145 143
(GGA), modified Becke–Johnson (mBJ) and GGA + U within the
framework of density functional theory (DFT). The aim of the pres-
ent work is to explore the physical properties of these compounds
for their possible technological applications and also provide theo-
retical basis to the available experimental results. The electronic
structures of both of the compounds are investigated on the basis
of the electronic band structures, total and partial densities of
states. The stable magnetic phases of these compounds are evalu-
ated by comparing the total energies in ferromagnetic (FM) and
AFM states. In order to obtain better magnetic properties of these
compounds an optimized effective Hubbard parameter U is also
used.

2. Computational details

In the present work the Kohn–Sham equations [26] are solved
to calculate the structural, electronic and magnetic properties of
the cubic anti-perovskite ANMn3 (A = Ni and Zn). The full potential
linearized augmented plane waves (FP-LAPW) method [27] with
GGA [28], GGA + U [29–32] and mBJ potential [33,34] are used to
solve Kohn–Sham equations. mBJ is an exchange potential and is
used in combination with GGA to handle exchange and correlation
energy for strongly correlated electron systems [35,36]. Details of
the FP-LAPW method, formulas and the wien2k software used in
the present calculations can be found in Ref. [37].

The core electrons are treated fully relativistically and the va-
lence electrons are treated semi-relativistically. In order to ensure
that no electron leakage is taking place semi-core states are in-
cluded and are described with local orbitals. To ascertain that the
results are accurately converged, an approximated correction value
is chosen for Ueff = U–J after examining and testing several values of
Hubbard potential in order to adjust the Mn-3d orbitals level in the
density of states. In order to get better magnetic properties the Ueff

is eventually optimized to 0.07 Ry. For all calculations 286 k-points
and RMT � Kmax = 8.00 basis functions are used.
3. Results and discussion

3.1. Structural properties

For the structural properties of NiNMn3 and ZnNMn3 the total
energies of the crystals are minimized with respect to the unit cell
volumes using the Birch–Murnaghan equation of state [38] in anal-
ogy to our previous works [39–41]. The calculated structural
parameters such as lattice constants, bulk moduli, derivative of
bulk moduli and ground state energies corresponding to the opti-
mum volumes are shown in Table 1. It is obvious from the table
that our calculated lattice parameter for NiNMn3 is 2.53% and
ZnNMn3 is 2.67% less than their experimental values [15,16]. Our
results, as presented in Table 1, show that the lattice parameter
of NiNMn3 is smaller than ZnNMn3. This shows that the lattice con-
stants of the compounds under investigation, i.e., ANMn3, are pre-
dicted to be contracted as the atomic number of the A increases
(A = Ni and Zn). The contraction of the lattice parameter may be
attributed to the regular d-block contraction of the atomic radius
as we go along the d-block period of the periodic table from left
to right. The bonds length between different atoms of these com-
pounds are also calculated and presented in Table 1. The difference
in Mn–N bond lengths, dMn-N, in NiNMn3 and ZnNMn3 compounds



Fig. 4. AFM DOS for the double cell of (a) NiNMn3 and (b) ZnNMn3.
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reveals that in our calculations Mn–N spacing in ZnNMn3 is smaller
than that of NiNMn3 most likely due to its smaller lattice constant
compared to the other compound.

3.2. Electronic band structures and densities of states

Self-consistent calculations are performed in order to explore
the electronic nature of the cubic NiNMn3 and ZnNMn3 com-
pounds. Spin-dependent electronic band structures of both the
compounds are presented in Fig. 1(a and b). It is clear from the fig-
ures that by GGA, the majority spin (") and minority spin (;) states
cross the Fermi level and overlap the conduction bands. Hence,
these compounds show metallic nature. Our results are in agree-
ment with the results of Refs. [13,42].

The origin of band structures of the can be understood by the
total density of states. The total DOSs for both of the compounds
Table 2
Calculated magnetic moments in unit of (lB) interstitial, local and total magnetic momen

Magnetic moments NiNMn3

GGA mBJ G

MT 5.8580 5.1888
Minst 0.4069 0.3920
MNi/Zn 0.7004 0.8965
MN �0.1102 �0.1718 �
MMn 1.5563 1.6572
Exp

a [12].
b [15].
are calculated by GGA, mBJ and GGA + U as shown in Fig. 2(a and
b). To explain the contribution of different states in the band struc-
tures, partial densities of states are calculated for both compounds
by GGA and mBJ, presented in Fig. 3(a and b). The results, as pre-
sented in Fig. 3(a), show that for NiNMn3 the occupied states in-
clude semicore and valance states are distributed over an energy
interval ranging from �18.1 eV to Fermi level. The semicore states
are mainly occupied by N-2s. Thus, the N-2s states play compara-
tively minor role in the physical properties of the system. If we
abandon the N-2s states towards the Fermi level, we encounter
first a large gap, second mainly the N-2p states, and eventually
Ni-d and Mn-d states. Thus, the valence region is predominant
by the Ni-3d and Mn-3d with a small contribution arising from
N-2p. In the valence band the main peak at �2.12 eV is due to
Ni-3d and the peak just below the Fermi level at �0.45 eV is due
to Mn-3d state. There exists strong hybridization between Ni-3d,
Mn-3d and N-2p states around the Fermi level. The strong hybrid-
ization between N-2p and Mn-3d states near the Fermi level forms
narrow bands. These bands changes considerably according to the
number of valence electrons of Ni atom. Thus the A atom (A = Ni,
Zn) makes the system as an itinerant electron system. Strong
hybridization around the Fermi level makes the material metallic.
Beyond the Fermi level, the unoccupied band structures are mostly
originated by Mn-3d state hybridized with N-2s, N-2p and Ni-3d
states.

Fig. 3(b) shows the partial density of states of ZnNMn3. It is
clear from Fig. 3(a and b) that the shapes of NiNMn3 and ZnNMn3

DOS are almost similar. One of the differences is the maximum
peak of Ni-3d DOS for NiNMn3 2.25 states/eV, which is comparable
to the maximum peak of Zn-3d DOS for ZnNMn3 2.38 states/ eV.
The peak of Zn-3d is maximum because the 3d-state of Zn is more
stable as compared to 3d-state of Ni. However the difference is
almost negligible and does not significantly affect the electronic
nature of these compounds.

3.3. Magnetic properties

In order to study the stability of the magnetic phases, we opti-
mize the compounds under investigation by constructing two indi-
vidual structures for setting up for anti-ferromagnetic and
ferromagnetic phases. For the anti-ferromagnetic calculations the
"; magnetic ordering is considered for the atoms containing 3d
orbitals. The optimized values of these compounds are presented
in Table 1. It is obvious from the table that both, NiNMn3 and
ZnNMn3, systems prefer to be ordered anti-ferromagnetically as
their calculated energies in the AFM phase, EAFM, are lower than
those in the FM phase, EFM, and thereby DEFM-AFM = EFM - EAFM > 0.
Our calculations are in agreement with the experimental results
of Fruchart (1978) [12] in which AFM is the ground state for both
NiNMn3 and ZnNMn3 crystals. The calculated DOS’s for both of the
AFM, NiNMn3 and ZnNMn3, compounds are presented in Fig. 4(a
and b). It is clear from the figures that the DOS is symmetric for
ts of NiNMn3 and ZnNMn3 per unit cell.

ZnNMn3

GA + U GGA mBJ GGA + U

6.6500 7.2979 4.5952 6.98357
0.8079 0.3866 0.1904 0.46183
0.8980 0.8788 �0.1052 �0.1120
0.2142 �0.1018 �0.1606 �0.1107
1.8203 2.0447 1.5569 2.2481
1.8a 2.2b
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both spin states. Therefore, the total magnetic moments are calcu-
lated to be zero for both AFM cases. Hence, both of the compounds
NiNMn3 and ZnNMn3 prefer to be AFM, because their AFM energies
are less than their FM energies which is in agreement with the
experiments [12,15].

Magnetism in perovskites is due to indirect exchange interac-
tion between TM–TM via nonmagnetic anion, one is called double
exchange and other is super exchange [39]. Double exchange fa-
vors ferromagnetism in most of the cases and super exchange anti-
ferromagnetism. Zener [43] introduced the concept of immediate
transfer of electron from transition metal to the oxygen and from
the oxygen to the neighboring transition metal. The magnetic mo-
ments of NiNMn3 and ZnNMn3 per unit cell are calculated by GGA,
mBJ and GGA + U. The calculated interstitial, local and total mag-
netic moments for all the compounds are presented in Table 2. It
can be seen from Table 2 that Mn atom is mainly responsible for
magnetism in these compounds. For GGA + U calculations, we used
the effective value of 0.07 Ry. For anti-ferromagnetic compounds
NiNMn3 and ZnNMn3 the magnetic moments per unit cells arises
from Mn atoms are 1.82 lB and 2.24 lB respectively calculated
by GGA + U. The results are in good agreement with the experi-
ments reported in Refs. [12,15].

4. Conclusions

In summary we have theoretically studied the structural, elec-
tronic and magnetic properties of anti-perovskites NiNMn3 and
ZnNMn3 using the all electron full potential linearized augmented
plane wave method within the frame work of the density func-
tional theory. The structural parameters are found consistent with
the experimental data. The electronic properties of these com-
pounds are evaluated on the bases of spin dependent electronic
band structures and total and partial densities of states, which
show that these compounds are metallic. The magnetic stable state
for each compound is optimized which reveal that NiNMn3 and
ZnNMn3 are anti-ferromagnetic. The effective magnetic moments
are found in close agreement with the experimental values. On
the basis of the above theoretical studies it is predicted that NiN-
Mn3 and ZnNMn3 magnetoresistive materials and need extensive
experimental studies for their possible applications in the advance
technology.
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