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Quantification of site disorder and its role on spin polarization in the nearly half-metallic
Heusler alloy NiFeMnSn
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The electronic structure and magnetism of the quaternary Heusler alloy NiFeMnSn are studied using the full-
potential linearized augmented plane-wave (FPLAPW) method. The calculation for the perfectly LiMgPdSn-type
ordered crystal structure (type I) of NiFeMnSn shows a high spin polarization (∼76%) with a ferromagnetic
ground state. The total spin magnetic moment is in good agreement with the Slater-Pauling rule. The structural
investigations using neutron diffraction at 500 K, and Mössbauer spectroscopy at 300 K on the NiFeMnSn alloy,
prepared using an arc melting, show the presence of atomic site disorder. The electronic structure calculation for
the disordered structure shows that the site disorder destroys the nearly half-metallic nature of this alloy. The
magnetization measurements indicate that the Curie temperature is well above room temperature (∼405 K) as
desired for the spintronics application.
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I. INTRODUCTION

Spin-polarized ferromagnetic materials with high Curie
temperatures are important in the area of magnetoelectronics
or spintronics [1]. Half-metallic materials, which are metallic
for one spin direction, and semiconducting for the other
spin direction, exhibit a complete spin polarization at the
Fermi level as predicted for half-Heusler alloys by de Groot
et al. [2,3] in the early 1980s. High spin polarization in such
materials can play a significant role in new generation devices
where standard microelectronic devices are combined with
spin-dependent effects [4,5]. A typical application of such
materials is a magnetic random access memory (MRAM),
which utilizes the magnetoresistance. Heusler alloys with the
L21 structure are of more interest in this regard as some of these
alloys exhibit high Curie temperatures with large magnetic
moment per unit cell; and according to theory, such alloys
should exhibit a high spin polarization [6,7].

In view of this, ternary intermetallic Heusler compounds
X2YZ with L21 structure (four fcc sublattices occupied by
three atoms X, Y , and Z), where X and Y are transition or rare-
earth metals, and Z is a main-group element, have been studied
extensively. Besides half-metallic ferromagnetism [6], a large
variety of other properties, such as magnetic shape mem-
ory [8], giant magnetocaloric effect [9], thermoelectrics [10],
and superconductivity [11] are reported in such materials.
Moreover, the ternary intermetallic compounds are doped to
form pseudoternary systems in order to tune their various
properties including the tuning of the Fermi energy to the
middle of the gap in one spin channel [12,13]. It is shown in the
literature that pseudoternary Heusler alloys with composition
X2Y1−aY

′
aZ with a random distribution of Y and Y ′ have

disadvantage due to an additional disorder electron scattering
and the resulting short spin diffusion length [14,15]. However,
the quaternary 1:1:1:1 Heusler systems [16,17], termed as
equiatomic quaternary Heusler alloys, where each of the
four interpenetrating fcc lattices of the L21 Heusler structure
(space group Fm3m) is occupied by different atoms forming a
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LiMgPdSn type, called the Y -type structure with space group
F43m, have an advantage due to the absence of such a disorder
scattering [14]. Such quaternary Heusler alloys are relatively
less explored. Bainsla et al. have revealed that the electronic
structure and hence the physical properties strongly depend
on the atomic site disorder in the quaternary Heusler alloy
system [14], making it quite essential to understand the atomic
site disorder and its role on electronic structure.

In the present article, we report the results of an electronic
structure calculation along with experimental results of struc-
tural and magnetic properties of the equiatomic quaternary
Heusler alloy, NiFeMnSn. We have quantified the atomic site
disorder from neutron diffraction and Mössbauer spectroscopy
investigations, and revealed from the electronic structure
calculation that the derived atomic site disorder destroys the
high spin polarization in this intermetallic Heusler alloy. The
present results on the quantitative determination of structural
disorder and its role in modifying the spin polarization are
important in the area of spintronics involving Heusler alloys.

II. EXPERIMENTAL AND THEORETICAL
METHODOLOGIES

NiFeMnSn ingots were prepared by an arc melting of the
appropriate amounts of the constituent elements in an argon
atmosphere under an ambient pressure condition. The purity
of the starting constituents was 99.9% mass fraction or better.
The ingots were flipped and remelted several times to ensure
a good homogeneity. After melting, the ingots were wrapped
in a Ta foil, and annealed at 800 ◦C for a week in an evacuated
quartz tube for better homogenization.

The crystal structure of the prepared sample was analyzed
by x-ray diffraction (XRD) using a Cu Kα radiation. Dc
magnetization (M) measurements were carried out as a
function of temperature (T) and magnetic field (H) using a
vibrating sample magnetometer (Cryogenic Ltd., UK make).
To understand the local environment of Fe, Mössbauer spec-
trum for NiFeMnSn alloy was recorded at room temperature
using a constant acceleration spectrometer with a 57Co(Rh)
radioactive source.
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Unpolarized neutron diffraction data were recorded at
5, 300, and 500 K using the five linear position sensitive
detector based powder diffractometer II at the Dhruva Re-
actor, Mumbai, India. For neutron diffraction measurements,
the powdered sample was placed in a vanadium can, and
data were collected over the scattering angular (2θ ) range
of 4.5◦ to 138◦ in steps of 0.05◦ with a wavelength of
1.2443 Å.

The electronic structure calculations (at T = 0 K) were
performed by means of the full-potential linearized augmented
plane-wave (FLAPW) method as implemented in WIEN2K [18].
The exchange correlation functional was taken within the
generalized gradient (GGA) approximation in the parametriza-
tion of Perdew et al. [19]. The number of plane waves
was restricted by RMTkmax = 9. All self-consistent calcula-
tions were performed with 455 k points in the irreducible
wedge of the Brillouin zone, based on a 25 × 25 × 25 point
mesh. The energy convergence criterion was set to 10−5

Ry, and simultaneously the charge convergence was set to
10−3e.

III. RESULTS AND DISCUSSION

Figure 1 shows the observed and the Rietveld refined
XRD patterns at room temperature for the NiFeMnSn Heusler
alloy. The observed XRD pattern reveals a highly crystalline
nature of the sample. Rietveld refinement of the XRD pattern
was performed with the FULLPROF program in the WINPLOTR

suite of programs [20]. The analysis confirms the LiMgPdSn-
type Heusler structure with the space group F43m with a
lattice parameter of 6.030(1) Å. The LiMgPdSn-type Heusler
structure consists of four interpenetrating fcc lattices, occupied
by different atoms (space group F43m) as shown in Fig. 2.
Three nonequivalent fully ordered crystal structures (under the
LiMgPdSn type), namely types I, II, and III are possible. For
the type-I structure, the Wyckoff positions 4a (0, 0, 0), 4b ( 1

2 ,
1
2 , 1

2 ), 4c ( 1
4 , 1

4 , 1
4 ), and 4d ( 3

4 , 3
4 , 3

4 ) are occupied by Sn, Mn,
Fe, and Ni atoms, respectively. The type-II (III) structure is
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FIG. 1. Observed room-temperature x-ray diffraction pattern of
NiFeMnSn Heusler alloy is shown by open circles. Rietveld refined
pattern is shown by solid line. Solid line at the bottom shows the
difference between the observed and calculated patterns. The vertical
bars indicate the position of allowed Bragg peaks. The (hkl) values
corresponding to the Bragg peaks are also shown.

FIG. 2. Crystal structure of the quaternary Heusler compound
NiFeMnSn. There are three nonequivalent structures for NiFeMnSn,
depending on the occupation at the four different lattice sites 4a (light
gray with larger radius), 4b (dark gray), 4c (medium gray), and 4d

(black).

realized by placing Sn, Fe, Mn, Ni (Fe, Mn, Sn, Ni) at 4a,
4b, 4c, and 4d sites, respectively. Since the x-ray scattering
amplitudes of all the constituent elements are very close, it
is almost impossible to distinguish between types I, II, and
III for this compound from the analysis of the XRD pattern.
We have, therefore, used Mössbauer spectroscopy and neutron
diffraction techniques to determine the atomic site distribution
(disorder) in the studied Heusler alloy.

In order to understand the various possible environments
and the site occupancies of the Fe atom, the 57Fe Mössbauer
spectroscopy was carried out at room temperature. Figure 3
depicts the Mössbauer spectrum for the NiFeMnSn alloy,
recorded at 300 K, showing the presence of three sextets and
a singlet. For a fully ordered type-I crystal structure, Fe atoms
occupy the 4c site only. With respect to the Fe atoms, the first
nearest neighbor (1NN) sites are occupied by four Mn and
four Sn atoms, while the second nearest neighbor (2NN) sites
are occupied by six Ni atoms. Hence, a single sextet alone
is expected. But the presence of three sextets (contributing
∼52, 15, and 24% to the total integrated intensity) and a
singlet (relative intensity ∼9%) suggests an occurrence of a
structural (site) disorder with regard to Fe atoms. The values
of the hyperfine magnetic field (Hhf), quadrupole splitting
(�), isomer shift (δ), and relative areas (RA) for Fe sites in

FIG. 3. The Mössbauer spectrum for NiFeMnSn Hesuler alloy at
300 K.
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TABLE I. The hyperfine magnetic field (Hhf), quadrupole split-
ting (�), isomer shift (δ), and relative areas (RA) for Fe sites in
NiFeMnSn alloy derived from the Mössbauer spectrum recorded
at 300 K. Isomer shift values are relative to Fe metal foil (δ =
0.0 mm/s).

Hhf � δ RA
Fe Sites (T) (mm/s) (mm/s) (%)

Sextet A 8.4 ± 3 0.02 ± 0.02 0.46 ± 0.03 52
Sextet B 23.4 ± 3 0.27 ± 0.03 0.21 ± 0.03 15
Sextet C 16.9 ± 3 −0.23 ± 0.02 0.32 ± 0.03 24
Singlet −0.11 ± 0.03 9

NiFeMnSn alloy derived from the Mössbauer spectrum have
been listed in Table I. The three sextets have average hyperfine
fields Hhf of 8.4, 23.4, and 16.9 T with quadrupole splitting
of 0.02, 0.27, and −0.23 mm/s, respectively. Such types of
structural disorder have been reported for other quaternary
Heusler alloys in the literature. For example, Bainsla et al. [21]
reported two sextets with Hhf of 28.5 T (corresponding to
the L21 structure) and 10.4 T (corresponding to the DO3

disordered structure) with relative intensities of 67% and
33%, respectively, from the Mössbauer spectroscopy study
of their quaternary Heusler alloy sample CoFeMnGe. From
the experimental study on another quaternary Heusler alloy
CoFeMnSi, Bainsla et al. [22] reported three sextets (with Hhf

values of 29.0, 13.2, and 9.8 T) and a doublet with the relative
intensities of 38%, 35%, 17%, and 10%, respectively, instead
of a single sextet, indicating the structural disorder in their
alloy sample.

To get more insight into the structural disorder in this
NiFeMnSn alloy, we carried out a neutron diffraction ex-
periment at 5, 300, and 500 K. Neutron diffraction is more
sensitive to site disorder than x-ray diffraction because of
its ability to distinguish adjacent atoms in the periodic table
whose neutron coherent scattering amplitudes are vastly
different [23,24]. Besides that, the neutron diffraction study
reveals the microscopic nature of magnetic ordering of the
present system. Figure 4 depicts the Rietveld refined (using the
FULLPROF program in the WINPLOTR suite of programs [20])
neutron diffraction patterns at 5, 300, and 500 K. In order
to find out the atomic site disorder, the Rietveld refinement
was performed for the neutron diffraction pattern recorded
in the paramagnetic state at T = 500 K (as evident from our
dc magnetization data presented later in Fig. 5). The lattice
constant of a = 6.0567(1) Å is derived from the refinement
(space group F43m). We observe that besides the type-I
crystal structure, the disorder in the occupancies results into
type-II and type-III structures as well in this sample (Table II).
Considering these occupancies, it turns out that types I, II,
and III with ∼63.3, 13.4, and 23.3%, respectively, are present.
This implies that the 4a, 4b, 4c, and 4d sites have atomic site
disorder of 23.3, 13.4, 36.7, and 0%, respectively, with respect
to the type-I structure. Following the Rietveld refinement of the
high temperature (500 K) neutron diffraction data, the patterns
at 300 and 5 K are refined to reveal the microscopic nature of
magnetic ordering of the present system at these temperatures.
The derived values of the lattice constant are 6.0470(2) and
6.0245(2) Å at 300 and 5 K, respectively. The site-averaged

FIG. 4. Observed neutron diffraction patterns of NiFeMnSn
Heusler alloy at (a) 5, (b) 300, and (c) 500 K are shown by
open circles. Rietveld refined patterns [(a) and (b) nuclear and
magnetic; (c) only nuclear] are shown by solid lines. Solid lines at
the bottom show the difference between the observed and calculated
patterns. The vertical bars indicate the position of allowed Bragg
peaks.

moments derived from the refinement at 300 and 5 K are listed
in Table II. The total magnetic moments are found to be 2.9 and
4.2 μB per formula unit at 300 and 5 K, respectively. Based
on the findings from the neutron diffraction study, we can
explain the observed three sextets in the Mössbauer spectrum
(Fig. 3). The sextet which contributes ∼52% of the total
relative intensity (Hhf = 8.4 T) in the Mössbauer spectrum,
can be attributed to the Fe atoms occupying the 4c site, which
is the case for the type-I ordered crystal structure. The second
sextet with a relative intensity of 15% (Hhf = 23.4 T) could
be attributed to Fe atoms occupying the 4b site as per the
type-II structure, and the third sextet with a relative intensity
of 24% (Hhf = 16.9 T) could be a result of Fe occupying
the 4a site, corresponding to the type-III structure. The
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FIG. 5. (a) Temperature dependence of magnetization under the
200-Oe field for NiFeMnSn Heusler alloy. Inset shows the d2M/dT 2

vs T showing the Curie temperature TC. (b) Magnetization as a
function of the applied magnetic field at 5 and 300 K.

TABLE II. Site occupancies in NiFeMnSn alloy derived from
the neutron diffraction pattern at 500 K, and site-averaged ordered
magnetic moments (μord) as derived from the neutron diffraction
patterns at 300 and 5 K. Occupancies were varied freely for the
refinement of the neutron diffraction pattern at 500 K. The values in
the last column are the occupancies considered for calculating the
DOS (Fig. 7) for the structure with atomic site disorder. The values
in brackets indicate an error in last digit of μord.

Site
μord(μB)

Occupancy
(x,y,z) Atom Occupancy 300 K 5 K for DOS

4a (0, 0, 0) Sn 0.767(1) 0.2(1) 0.3(1) 0.75
Fe 0.233(1) 0.25

4b ( 1
2 , 1

2 , 1
2 ) Mn 0.866(1) 1.8(2) 2.5(2) 0.875

Fe 0.134(1) 0.125

4c ( 1
4 , 1

4 , 1
4 ) Fe 0.633(1) 0.7(1) 0.9(1) 0.625

Mn 0.134(1) 0.125
Sn 0.233(1) 0.25

4d ( 3
4 , 3

4 , 3
4 ) Ni 1.000(1) 0.2(1) 0.3(1) 1.0

presence of further structural disorder, causing a paramagnetic-
like state, has been confirmed from the observed singlet in
the Mössbauer spectrum with a relative intensity of ∼9%.
We will discuss further about the hyperfine magnetic fields
later.

The magnetic properties are also studied by measuring
dc magnetization as a function of temperature and magnetic
field. Figure 5(a) shows the magnetization as a function
of temperature under the 200-Oe field. A paramagnetic to
ferromagnetic transition is quite evident from the M vs T

curve. The Curie temperature (TC = 405 K) is derived from the
second derivative of the M vs T curve as depicted in the inset
of Fig. 5(a). The field-dependent magnetization curves at 5 and
300 K are shown in Fig. 5(b). The observed value of saturation
magnetization MS ∼ 81.0 emu g−1 at 5 K corresponds to
4.18 μB per formula unit, which is very close to that observed
(4.2 μB per formula unit) from the neutron diffraction study
at 5 K. At 300 K, MS is found to be ∼57.8 emu g−1

(3.0 μB per formula unit), comparable to that observed
from the neutron diffraction study (∼2.9 μB per formula
unit).

Now we present the results of our electronic structure
calculation to bring out the implications of site disorder
on the spin polarization. We have performed the energy
minimization as a function of lattice constant to obtain the true
structural ground state of the present Heusler alloy. All three
nonequivalent structures under the LiMgPdSn-type viz. types
I, II, and III (Fig. 2), are considered for optimizing the lattice
parameters, and finding the minimum total energy as a function
of the lattice parameter. Figure 6 shows the differences of
total energies (E − E0) as a function of lattice constant for
all three nonequivalent structures considering two cases: the
nonmagnetic (NM) state and the ferromagnetic (FM) state.
Spin-polarized electronic structure calculation was done for
realization of the ferromagnetic state. Here, E0 is the minimum
energy after considering all three types and both magnetic
states. As evident from Fig. 6, the type-I structure with an FM
ground state has the lowest total energy indicating that the type-
I structure with FM configuration is the preferred structure.
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FIG. 6. Energy (E − E0) versus lattice parameter of three
possible different crystal structures for both NM and FM spin
configurations.
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FIG. 7. Spin-polarized densities of states plots for the NiFeMnSn
Heusler alloy for (a) type-I, (b) type-II, and (c) type-III structures.
(d) DOS plots for the structure with atomic site disorder as shown in
Table II.

The optimized lattice parameter (for the type-I structure) is
found to be 6.038 Å. It may be noted here that this optimized
lattice parameter is in good agreement with that obtained from
the neutron diffraction study [a = 6.0245(2) Å] at 5 K. The
total energy of the FM type-I structure is lower by 30.15 and
55.30 meV than that for the FM type-II and type-III structures,
respectively. However, the neutron diffraction and Mössbauer
studies reveal the presence of all three types of structures for
the studied alloy. Hence, besides the type-I structure, we also
calculated total density of states (DOS) for type-II and type-III
structures (Fig. 7). The calculated lattice constants for type-II
and type-III structures are found to be 6.057 and 6.106 Å,
respectively (Fig. 6). The magnetic moments of all atoms for
type-I, -II, and -III crystal structures are listed in Table III. For
the type-I structure, which forms the major component of the
sample, the total DOS at the Fermi energy (EF) for majority
and minority spins are calculated to be ρ↑(EF) = 1.323, and
ρ↓(EF) = 0.177 states/eV, respectively. The spin polarization

TABLE III. The atomic magnetic moments and the total magnetic
moment (Mtot) at T = 0 K obtained from the electronic structure
calculation.

Magnetic moments (μB)

Atom Type I Type II Type III

Sn −0.04 −0.03 −0.08
Mn 3.24 2.41 3.22
Ni 0.45 0.34 0.41
Fe 1.42 2.54 2.32
Mtot (μB/f.u.) 5.01 5.21 5.78

P is estimated by the following expression:

P = ρ↑(EF) − ρ↓(EF)

ρ↑(EF) + ρ↓(EF)
. (1)

The spin polarization is calculated to be ∼76%. The calculated
atom resolved spin magnetic moment values are 0.45, 3.24,
1.42, and −0.04 μB for Ni, Mn, Fe, and Sn, respectively.
The very small moment found at the Sn site is mainly due to
the polarization of this atom by the surrounding magnetically
active atoms. The large total spin magnetic moment (for the
type-I structure) of ∼5 μB is in good agreement with the
Slater-Pauling (SP) rule for an ordered compound with four
different kinds of atoms, where MTotal = NV − 24 [25]. Here
NV is the accumulated number of valence electrons in the unit
cell. The electronic structure calculations for the type-II and
type-III structures show [as evident in Figs. 7(b) and 7(c)]
a destruction of the spin polarization for these two types
of structures. The total magnetic moment per formula unit
increases with changing structures from type I to type II to
type III. Noninteger values of total spin magnetic moment
(5.21 and 5.78 μB per formula unit for type-II and type-III
structures, respectively) suggest that the moments for the
type-II and type-III structures do not follow the Slater-Pauling
(SP) rule [25], usually followed by the half-metallic Heusler
alloy systems.

It is evident from the results of the neutron diffraction
and Mössbauer studies that all three types (I, II, and III)
of structures coexist in the present sample. However, there
could be a possible alternate interpretation of the occupancies
listed in Table II (derived from the neutron diffraction) by
considering a homogeneously disordered crystal structure. In
view of this, we have carried out further electronic structure
calculation by constructing a supercell consisting of a total
32 atoms to take into account the atomic site disorder. For
this purpose, the atoms at four sites (4a,4b,4c, and 4d) are
swapped in such a way that the atomic site disorder is as
close as possible to that obtained from the neutron diffraction
study (Table II) while restricting to a 32-atom supercell. The
DOS for the structure with the atomic site disorder [shown
in Fig. 7(d)] indicate that the disordered structure does not
show any half-metallicity. In other words, the disorder destroys
the half-metallic nature. Though the experimental values of
total magnetic moments obtained from the dc magnetization
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(4.18 μB per formula unit) and neutron diffraction (4.2 μB per
formula unit) at 5 K for the studied system are close, they differ
significantly from the calculated ground-state value of 5.96 μB

(per formula unit) for the structure with the site disorder.
This observation of reduced experimental values of magnetic
moments is very similar to that found by Svyazhin et al. [26] for
the Co2CrAl Heusler alloy. Shinohara et al. [27] reported that
the reduction in magnetization for the ferromagnetic Heusler
alloy sample Pd2MnSn was due to the severely stressed state
rather than to the atomic site disorder.

Now we compare the hyperfine magnetic fields (Table I)
obtained from the Mössbauer study with that derived from
the present electronic structure calculations, and conclude that
the disordered structure, considering a supercell of 32 atoms
[Fig. 7(d)], does not represent the system under consideration.
Our calculation shows that for the disordered structure there
are eight inequivalent Fe sites having HHF over 18.0–26.7 T.
It is therefore evident that these calculated HHF values are
not consistent with the observed HHF values (8.4, 23.4, and
16.9 T) from the Mössbauer study (shown in Table I). On
the other hand, the hyperfine field values obtained from the
Mössbauer study follow a trend which is consistent with that
(10.3, 30.0, and 19.9 T) derived from the electronic structure
calculations for the type-I, -II, and -III structures, respectively.
This helps us to confirm that the present NiFeMnSn Heusler
alloy is made up of three distinct types (I, II, and III) of
crystal structures rather than the “homogeneously” disordered
structure. The reduction in the observed hyperfine magnetic
fields at 300 K compared to the calculated values (at T = 0 K)
could be due the thermal effect and also due to the presence
of atomic disorder as reflected in both neutron diffraction and
Mössbauer spectroscopy studies.

The present calculations show a high spin polarization
(∼76%) only for the type-I ordered crystal structure; while the
type II and type III as well as the “homogeneously” disordered
structures destroy the spin polarization. It is, therefore, essen-
tial to avoid the structural disorder (“homogeneous” disorder
as well as any mixed state of the types I, II, and/or III) in the
Heusler alloy to achieve a high spin polarization. Though the
majority of theoretical calculations assume a perfect structural
ordering, in practice an alloy processing leads to a site disorder,
resulting in a reduction in spin polarization as evident from
the present electronic structure calculation. In Co2FeSi, an
A2-type site disorder (where Fe and Si atoms occupy their sites
at random) resulted in a reduction in spin polarization [28].
Difference in spin polarization between thin films of Co2FeAl
with L21- and B2-type (for B2-type structures, Co-Fe and
Co-Al disorders take place) structures was reported by Miura
et al. [29]. In the case of NiCoMnAl, the disordered B2
structure was reported to destroy the half-metallicity expected
from the perfectly ordered LiMgPdSn-type structure [23].
For the present NiFeMnSn Heusler alloy, the type-I ordered
structure is desired to retain a high spin polarization in
this system. Such a structure can be achieved with an
improved annealing treatment. In the case of Co2MnGa, it
was reported by Kudryavtsev et al. [30] that the structural
order changed from an amorphous to an A2 type and then
to a mixed (A2 and B2) type structure as the annealing
temperature was increased up to 753 K. Whereas the sample
Co2MnGa deposited on a substrate at elevated temperature

(753 K) exhibited a mixed B2- and L21-type structure with
nearly bulk value of magnetization of 3.5 μB per formula
unit. The quaternary Heusler compounds CoFeMnZ (Z = Al,
Ga, Si or Ge) were identified as potential candidates to show
half-metallicity by Alijani et al. [16] through their ab initio
electronic structure calculations. However, they also reported
site disorder for CoFeMnAl and CoFeMnSi, and expressed
the possibility of disorder for CoFeMnGa and CoFeMnGe.
In another study, Alijani et al. [31] also reported an ∼10%
reduction in total measured magnetization per formula unit
for NiCoMnGa as compared to its theoretically calculated
value. They also stressed the fact that optimization of annealing
temperature as well as annealing time is important to obtain a
better quality sample with regard to disorder and impurities.
In some cases, it was reported that the doping transformed the
sample into a half-metallic material. One such example is As
and Nb doped quaternary Heusler alloy FeCoZrGe [32]. The
study by Nehra et al. [33] suggested that the partial substitution
of Fe for Co in Co2CrAl (i.e, CoFeCrAl) eliminated the phase
separation which occurred in Co2CrAl while retaining the
half-metallicity and high Curie temperature. However, in the
quaternary Heusler alloy NiFeMnSn, studied in the present
work, the small difference in the formation energy of the three
types (I, II, and III) demands a superior control of the annealing
method in achieving the fully ordered type-I LiMgPdSn crystal
structure.

IV. SUMMARY

In summary, a high spin polarization at the Fermi level is
predicted for the quaternary Heusler alloy NiFeMnSn with
the type-I crystal structure from the electronic structure cal-
culation using the full-potential linearized augmented plane-
wave (FPLAPW) method within the generalized gradient
approximation formalism. A ferromagnetic state is found
to be more favorable than the nonmagnetic state with Mn
carrying most of the local magnetic moment. The x-ray
diffraction study confirms the cubic Heusler structure for
the sample prepared using the arc-melting technique. The
magnetization measurements indeed indicate the paramagnetic
to ferromagnetic phase transition with the Curie temperature
well above room temperature. The Mössbauer spectroscopy
reveals site disorder for this alloy. The neutron diffraction
study quantifies the presence of atomic site disorder along with
a ferromagnetic ordering. The electronic structure calculation,
performed assuming the atomic site disorder, shows that the
site disorder destroys the nearly half-metallic nature of the
Heusler alloy NiFeMnSn. Further study on order-disorder
crystal structures in quaternary Heusler alloy systems is
necessary to correlate their magnetic properties with the
theoretically predicted properties. We predict the present
compound to show a high degree of spin polarization (76%)
at the Fermi level (EF) for the perfectly LiMgPdSn-type
ordered type-I crystal structure indicating the potential use-
fulness of this system, under the structurally ordered state,
in spintronics applications. The present study underlines the
importance of achieving fully ordered Heusler alloys by a
fine control of the sample preparation for their higher spin
polarization.
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