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Abstract. We hereby discuss the structural stability of Fe2CrSb via energetic considerations, phonon dynamics and
mechanical aspects. Later, the electronic, magnetic and thermoelectric properties are discussed in order to reach out the
possible explanations of the observed half-metallic bandgap and other physical properties. Phonon dispersion of Fe2CrSb
with positive-only frequencies accompanied by the observed elastic parameters indicate the dynamic stability and
mechaneablity of this alloy. The relaxed and optimized structural calculations predict the ferromagnetic Cu2MnAl-type
L21 phase as the stable one. This compound has a half-metallic ferromagnetic character with an integer magnetic moment
of 3 lB, which is in good agreement with the Slater–Pauling (SP) rule. Finally, we have pronounced the thermoelectric
performance against the temperature range of 50–800 K using Boltzman transport theory. The room temperature Figure of
merit (0.54) reaches to maximum of 0.67 at 800 K, indicating that Fe2CrSb can work at low as well as high temperature
thermoelectric devices operations.
Keywords. DFT study; full Heuslers; half-metallicity; electronic and magnetic properties; thermoelectric properties;
dynamical and thermo-mechanical stability.

1.

Introduction

Full-Heusler compounds are transition metal (TM) and
p-group based ternary materials (X2YZ) with 2:1:1 atomic
sequence discovered in 1903 by Friedrich Heusler [1]. The
first two elements of this ternary structure (X and Y) are TM
atoms and the last one is the III-VIA group atom [2]. If the
valence electron count of X atom is higher than Y atom,
full-Heusler alloys crystallize in the Cu2MnAl structure
(225-space group); otherwise, they form the Hg2CuTi phase
(216-spacegroup). The four Wyckoff-positions: A (0, 0, 0),
B (0.25, 0.25, 0.25), C (0.5, 0.5, 0.5) and D (0.75, 0.75,
0.75) in Cu2MnAl structure are filled as: X occupies the B
and D positions, Y at C and Z at A. In the Hg2CuTi type, C
and D are reserved for X atoms, Y occupies the A position
and Z occupies the B position [3–7]. Since their discovery,
these materials are intensively investigated for their fascinating applications as topological insulators, superconductive and spintronic materials, thermoelectrics, etc. [8]. De
Groot et al [9] in 1983 were the first to discover the halfmetallicity in NiMnSb. In view of the band structure, this
property is described as the semiconducting or insulating

character of a material in either of the two spin directions
and the metallicity is exhibited in the corresponding spin
channel. This makes such kind of compounds as the pronounced candidates for technical applications in spininjection devices [10], spin-filters [11], tunnel junctions [12]
or GMR devices [13]. Among, Fe-based Heuslers, the
semiconducting properties of Fe2TaAl, Fe2TaGa, Fe2Val,
Fe2HfSn, Fe2ZrSi, etc. along with their mechanical and
dynamical stability have been probed to achieve large
Seebeck coefficients as well as display good thermoelectric
performance [14,15]. Yabuuchi et al [16] found the power
of Fe2TiSi and Fe2TiSn to reach 160 lV K–1 and the
Figure of merit to 0.6. Seebeck coefficients of Fe2ScP,
Fe2ScAs and Fe2ScSb compounds are observed to be 770,
386 and 192 lV K-1, respectively, and are recommended to
have the possible thermoelectric applicability in wide
temperature range [17].
In this study, the physical (e.g., structure, mechanical and
phonon stability, electronic, magnetic and transport) properties of Fe2CrSb alloy are keenly examined using the fullpotential linearized augmented plane wave method (FPLAPW) [18,19], within the generalized gradient
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approximation GGA-PBE [20] and TB-mBJ [21–24]
approaches to find its usage in several applications, for
example spintronics and thermoelectrics. For this, we opted
the full-potential based Wien2k code [25], whereas Chen
et al [26] and Aly et al [27] predicted the electronic
structure of this material by using Castep [28,29] code and
FPLO package, respectively. However, the thermoelectric
properties of the full-Heusler Fe2CrSb viewed as an interesting feature are yet to be explored. Therefore, we discuss
the transport coefficients of this material alongside phonon
dynamics, electronic properties.

2.

Computational details

Ab-initio full-potential linear augmented plane wave (FPLAPW) method implemented in the Wien2k code is used to
carry out the structural optimizations and stability concerns,
magneto-electronic and thermoelectric investigations of
Fe2CrSb alloy. We scrutinize the structural stability among
the two possible structures, namely, Hg2CuTi and Cu2MnAl
(see figure 1a). The lattice constants are relaxed and optimized at ambient conditions, where the calculations are
done by the GGA-PBE as well as TB-mBJ. Distribution of
2000 k-points with a grid of 12 9 12 9 12 k-mesh in the
entire Brillouin zone (BZ) is used, where the cutoff energy
is chosen to be –6.0 Ry. The value of RMT 9 Kmax determines the matrix size and was set to 8.0 (where RMT is the
smallest of all atomic sphere radii and Kmax the maximum
Kmodulus for the reciprocal lattice vectors).

3.
3.1

Results and discussions
Structure and phonon dynamics

Birch-Murnaghan’s equation of state [30] aided energy
optimization has been performed to find the ground-state
lattice constants. These calculations were performed for the
magnetic phases (ferromagnetic (FM) and non-magnetic
(NM)) in the two structural categories of the complete
Heusler: Hg2CuTi and Cu2MnAl. These two structures are
shown in figure 1a and b. The calculation of the variation of
the total energy as a function of the volume with GGA-PBE
approach has been represented in figure 1c for both structures: Hg2CuTi and Cu2MnAl type, and two phases: ferromagnetic (FM) and non-magnetic (NM). From figure 1c, it
is clear that the FM configuration of the Cu2MnAl-type
structure is more stable than the Hg2CuTi-type structure at
volume equilibrium because of its lower total energy.
The calculated equilibrium lattice constants a0, bulk
modulus B, its pressure derivative B0 and the total energy
for Fe2CrSb are listed in table 1. The lattice parameter
corresponding to the equilibrium state is equal to 5.9644 Å.
In the absence of experimental results, we compared our
predictions to the results found by Chen et al [26] and Aly
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et al [27]. This value for lattice constant is in agreement
with a difference of less than 1%.
To see the possibility of being able to synthesize this
material, we have calculated its formation energy DHf per
atom at zero temperature by applying the following equation [31]:
DH ¼ EfFe2CrSb


Fe2CrSb
bulk
bulk
bulk
;
¼ Etot
 2  EFe
þ ECr
þ ESb

ð1Þ

Fe2CrSb
where Etot
is the total ground-state energy of Fe2CrSb
bulk
bulk
bulk
; ECr
andESb
are the total
per formula unit, and EFe
ground-state energies of the bulk Fe, Cr and Sb, respectively. The negative value of the formation energy –0.014
Ry implies that Fe2CrSb can be synthesized [32]. By calculating the cohesive energy, we can again verify the
structural stability of the compound. The cohesive energy of
a compound X2YZ is defined as follows:

X2YZ
X2YZ
X
Y
Z
:
ð2Þ
¼ Etot
 2  Eatom
þ Eatom
þ Eatom
Ecoh
X2YZ
Here, Etot
is the atomic energy of the proposed crystal
X=Y=Z
and Eatom is the energy of X, Y and Z atoms in their
fundamental configurations. Replacing X, Y and Z by Fe,
Cr and Sb, respectively, in the previous equation, we obtain:

Fe2CrSb
Fe2CrSb
Fe
Cr
Sb
: ð3Þ
Ecoh
¼ Etot
 2  Eatom
þ Eatom
þ Eatom

All these energies are computed using the GGA-PBE
approximation and the observed values are charted in
table 2. It is clear from the tabulated data that the negative
value of the cohesive energy for Fe2CrSb compound confirms the structural stability of this material.
The dynamical stability of this material (Fe2CrSb) is
verified by the density functional perturbation theory [33]
method, which is utilized to study the dynamics of lattice
vibrations in terms of frequency modes of phonons. The
phonon frequencies are treated as a second-order derivative
of the total energy with respect to atomic translations. We
make use of pseudopotential-based Quantum Espresso
Package [34] with PBE-GGA approximation for exchange
correlations to evaluate these properties. In figure 2, the
phonon dispersion curve is plotted and the stable-only
phonon modes are found from the positive frequencies.
Since Fe2CrSb possess four atoms in an FCC structure, we
can see 12 distinct vibrational modes at any q-point. The 12
vibrational modes constitute 3 acoustic and 9 optical modes.

3.2

Mechanical properties

Knowledge of the elastic constants forecasts the reaction of
a material against the applied stress. One can also understand different solid-state processes, for example, anisotropic factor, adjacent atomic plane bonding characteristics
and structural stability. For the cubic crystal, we need only
three independent elastic constants, namely: C11, C12 and
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Figure 1. Crystal structure of Fe2CrSb full-Heusler alloy: (a) Cu2AlMn-type and
(b) Hg2CuTi-type structures. (c) Calculated total energy as function of the volume for
both types of Fe2CrSb full-Heusler alloy in the two phases ferromagnetic (FM) and
non-magnetic (NM) using GGA-PBE approximation.
Table 1. Calculated values of lattice parameter (a0), bulk modulus B (GPa), its pressure derivative B0 and the total energy E0 for
Fe2CrSb.

Cu2AlMn type

Our calculations
Other calculations

Hg2CuTi type

Table 2.

Our calculations

FM
NM
CASTEP [26]
FLPO [27]
FM
NM

a0 (Å)

B (GPa)

5.9644
5.9331
5.9400
5.9500
6.0526
5.9438

196.3691
210.3136
—
—
145.9158
206.7968

B0

E0

4.6894
3.7704
—
—
4.0175
3.5250

–20160.217306
–20160.156831
—
—
–20160.211497
–20160.153128

Calculated formation energy, cohesive energy, atomic energies and ground-state energies of the bulk Fe, Cr and Sb.

Energies (Ry)

Fe2CrSb
Etot

bulk
EFe

bulk
ECr

bulk
ESb

Fe
Eatom

Cr
Eatom

Sb
Eatom

EfFe2CrSb

Fe2CrSb
Ecoh

–20160.22

–2545.60

–2101.75

–12967.26

–2545.13

–2101.14

–12967.10

–0.014

–1.717
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Figure 2. Calculated phonon band structure of Fe2CrSb fullHeusler alloy in the stable Cu2AlMn-type structure.

C44. We have calculated these constants for compound
Fe2CrSb in the frame of GGA-PBE at ambient pressure.
The obtained results are summarized in table 3. We can see
that the stability conditions (C44 [ 0, C11–C12 [ 0,
C11?2C12 [ 0, C12 \ (C11?2C12)/3 \ C11) are satisfied,
which ensures and confirm that compound is mechanically
stable.
The anisotropic factor (A), bulk modulus (B), shear
modulus (G), Young’s modulus (E), Poisson’s coefficient
(m), etc. quantify the response of a crystal towards the
external forces and are computed by fitting the calculated
elastic constant values in the following equations [35]:
A¼

2C44
ðC11  C12 Þ

ð4Þ

1
B ¼ ðC11  2C12 Þ
3


1 C11  C12þ 3C44
5C44 ðC11  C12 Þ
þ
G¼
2
4C44 þ 3ðC11  C12 Þ
5
9BG
3B þ G
3B  2G
m¼
2ð3B þ GÞ

ð5Þ
ð6Þ
ð7Þ

E¼

ð8Þ

From table 3 we notice that the value of the anisotropic
factor is different from 1, therefore Fe2CrSb alloy is anisotropic. Young’s modulus finds the stiffness of a crystal; if
its value is higher, then the material is considered stiff, else
the material is considered ductile. The obtained value shows
that our compound is ductile. The ratio between bulk and
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shear modulus (B/G) is another fundamental parameter
regarding the rigidity of materials and the brittle/ductile
behaviour. According to Pugh’s ratio [36], a material is
brittle if B/G \ 1.75 and ductile if B/G [ 1.75. Hence, it is
clear from the values given in table 3 that Fe2CrSb is
ductile.
Poisson’s ratio described as the ratio of transverse strain
to the longitudinal strain indicates the stability state against
the shear stress and clues the nature of bonding forces
between the constituent atoms. Its critical range is 0 to 0.5
[37–39] and for the lower values volume compression
occurs and the higher value signify the plasticity of the
material; i.e., t = 0.5 means no volumetric change happened. The obtained value of the Poisson’s ratio is 0.27,
designates the good plasticity of Fe2CrSb alloy.
3.3

Electronic properties

3.3a Band profile: In this study, we describe the
electronic properties of Fe2CrSb by calculating the band
structure and the density of states (DOS). Figure 3a and b
shows the band structure of Fe2CrSb calculated within
GGA-PBE and the Tran-Blaha modified Becke-Johnson
potential (TB-mBJ), respectively. When GGA-PBE and
TB-mBJ methods are used, the conduction band minimum
(CBM) and the valence band maximum (VBM) are
positioned at C-X and C-W points of symmetry,
respectively. Hence, Fe2CrSb compound has an indirect
bandgap of 0.65 eV from PBE and 1.23 eV from TB-mBJ
calculations (see table 4). We notice that the results
obtained from TB-mBJ scheme are in good agreement
with the results obtained by Chen et al [26] and Aly et al
[27]. Furthermore, the spin-up band in figure 3 exhibits
metallic character as the VB and CB cross each other over
Fermi level, while the minority spin band displays a
semiconductor-like gap. Thus, the proposed Fe2CrSb
Heusler presents a half-metallic behaviour. This property
likely marks the Fe2CrSb alloy as appropriate for spintronic
applications. From these results, we can conclude that the
bandgap calculated by TB-mBJ is more significant than the
previous one and more precise because the mBJ
scheme handles exchange potential more accurately than
PBE functional.
3.3b Density of states: The corresponding total (TDOS)
and partial (PDOS) density of states for Fe2CrSb half-

Table 3. Calculated elastic constants C11, C12, C44, bulk modulus (B), shear modulus (G), Young’s modulus (E), Poisson’s ratio (m),
Pugh’s ratio (B/G) and anisotropy factor (A) for Fe2CrSb compound.

Fe2CrSb

C11 (GPa)

C12 (GPa)

C44 (GPa)

B (GPa)

G (GPa)

E (GPa)

m

B/G

A

334.46

188.7

187.74

237.33

128.45

326.45

0.23

1.85

2.58
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Figure 3. Band structure (majority and minority spin) of Fe2CrSb compound using GGA-PBE and TB-mBJ.
Table 4. Calculated energy gap Eg (eV) and spin polarization
(P) with: GGA-PBE and TB-mBJ approximations.
Compound
Fe2CrSb

Method

Eg (eV)

q:

q;

P%

GGA-PBE
TB-mBJ
Other calculated [26]

0.65
1.23
0.56

4.98
4.57
—

0
0
—

100
100
—

Heusler compound using GGA-PBE and TB-mBJ are
presented in figure 4a and b. The upper part (positive
range) of each curve shows the majority spin densities and
the lower one (negative range) the minority spin densities.
In general, both the curves of TDOS and PDOS are nearly
identical with little difference in energy gap at EF for both
approximations. According to figure 4, we can see that our
system has a very strong magnetic character, this is due to
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Figure 4. Total and partial densities of states of Fe2CrSb (up and down) using GGA-PBE and TB-mBJ
approximations.

the asymmetry of the majority spin and minority spin states
from the TDOS, the half-metallic nature of Fe2CrSb.
Where, the minority spin electronic structure is a
semiconductor and the majority spin exhibits the metallic
character. This conduction band performance is principally
dominated by the contribution of Fe-3d and Cr-3d states,
especially d-eg orbitals of both atoms Fe and Cr with a
minor contribution from Sb-4p states. In the valence band,
we can see two regions: the first one ranging from –6.8 to
–3.7 eV is mainly occupied by the 4p orbitals of Sb, and
second region between –2.9 and –0.3 eV is dominated by 3d
orbitals of both Fe and Cr atoms. For the conduction band,
the robust hybridization between orbital Fe-3d and Cr-3d
states are very clear at –0.2 to –3.5 eV of energy produced
by this bandgap. At higher energies (above 5.2 eV), we can
see a major contribution of Sb-4p with a small impact on
Fe-3d and Cr-3d states.
To calculate the spin polarization, we use the relation
connecting the polarization P with the DOS and by the
following relation [40]:
P¼

q " ð EF Þ  q # ð EF Þ
;
q " ð EF Þ þ q # ð EF Þ

ð9Þ

where q: (EF) and q; (EF) are the values of majority and
minority DOS at Fermi level (EF). Our calculated values are
presented in table 4. It can be seen that Fe2CrSb alloy shows

100% spin polarization at EF. The spin-up total DOS has a
large positive value at the EF. However, there is no state at
the EF for the spin-down total DOS. Thus, the full-Heusler
Fe2CrSb in CuMn2Al-type structure alloy exhibits halfmetallic behaviour at the equilibrium state.

3.4

Magnetism and spin moments contribution

The calculated values of total and partial magnetic moments
for Fe2CrSb, presented in table 5, were evaluated using
GGA-PBE and TB-mBJ approximations. It is clear that Cr
and Fe atoms with a small contribution of interstitials add
the key contribution to the total magnetic moments.
For both approximations (PBE and TB-mBJ), the large
positive values of the magnetic spin moment are due to the
main contribution of Chromium (2.08 lB) (1.99 lB), while
feeble negative values were observed for Antimony
(–0.0265 lB) (–0.03151 lB), respectively. This difference
of signs indicates the anti-parallel alignment amid the
moments of Sb and the other atoms. The integer value of the
total magnetic moment per unit cell is one of the consequences of the half-metallic properties of this compound
[41]. It equals 3 lB which is in accord with the SlaterPauling (SP) rule [42] described as ltot = Nv-24, where ltot
symbolizes the total spin moment and Nv is the total number
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Table 5. Calculated total and partial magnetic moments (in Bohr magneton lB) for Fe2CrSb compounds with: GGA-PBE and TB-mBJ
approximations.
Magnetic moment (lB)
lFe

lCr

lSb

linterstitial

ltotal

0.44472
0.54872
–0.04

2.08560
1.99391
3.18

–0.02651
–0.03151
–0.08

0.05316
–0.05985
—

3.00170
2.99999
3.0000

Method
GGA-PBE
mBj-GGA
Other calculated [26]

of valence electrons in a unit crystal [43,44]. For Fe2CrSb,
Nv = 27 gives an integral value of magnetic moment and
hence advocates the half-metallic ferromagnetism in
Fe2CrSb alloy. Our results of the total magnetic moment
were identical to the theoretical results available [26].

3.5

Thermoelectric properties

Presently, using thermoelectrics it is possible to recapture
some of the waste energy lost into the atmosphere and
convert it into electricity. Thermoelectric materials consummate the thermal energy into electrical energy or vice
versa and these materials are thus currently used in many
industrial applications as power generators or coolers, such
as in spacecrafts, electronics, military or medical purposes
[45–48]. The efficiency of a thermoelectric material in any
power generator or cooler depends on the dimensionless
constant ZT = S2rT/j, with S as Seebeck coefficient, r as
electrical conductivity and j designated as thermal conductivity. BoltzTrap code [49] as executed in the Wien2k
code is applied to achieve the ZT and other transport
coefficients of Fe2CrSb material from 50 to 800 K temperature range. We use a denser k-mesh (50 9 50 9 50) to
ensure the convergence of transport calculations.
Figure 5 depicts the calculated Seebeck coefficient of the
compounds Fe2CrX (P, As, Sb) as a function of temperature
in order to compare the Seebeck coefficient of our material
Fe2CrSb by others’ materials as Fe2CrP and Fe2CrAs. We
have seen that all compounds exhibited the positive Seebeck coefficient within the entire temperature range in spindown state for the entire temperature range for these
materials. The Seebeck coefficients were observed as
5.3263, 15.0610 and 155.07 lV K–1 for Fe2CrP, Fe2CrAs
and Fe2CrSb, respectively (see table 6).
According to these results, the Seebeck coefficient
increases as the atomic number of the element X increases.
We will take as a convincing example, the comparison
between the values of the Seebeck coefficient in spin-down
state of the materials Fe2CrP and Fe2CrSb, where the value
of this coefficient is nearly 29 times more at room temperature (300 K). In fact, the gap width is quite responsive
to the lattice parameter and decreases with the expanded
lattice (table 2) [26,50]. This can be explained by the
increase of the lattice parameter causing the unit cell to

expand, which results in the reduction of the bandgap,
improving the DOS close to the Fermi level. This decrease
in the bandgap leads to an increase in the effective mass of
the carriers and consequently the increase in the Seebeck
coefficient in accordance with the simplified Mott relation
[51,52].
8p2 KB2   p 2=3
m T
;
S¼
3n
3eh2
where m is the effective mass of the charge carriers, KB the
Boltzmann constant, e the elementary charge, h the Plank
constant, n the concentration of charge carriers and T the
absolute temperature.
We can conclude that Fe2CrSb material has a large
Seebeck coefficient at room temperature in spin-down state
compared to the spin-up state than Fe2CrX(P, As). Therefore a certain interest for thermoelectric applications.
The electrical conductivities per relaxation time (r/s) vs.
temperature are shown in figure 6a for both spin directions.
For both states of spin (up and down), the electrical conductivity increases almost linearly with the temperature,
passing from the value 160 9 1018 (Xms)–1 at 50 K to 185
9 1018 (Xms)-1 at 800 K in the spin-up state. However for
the spin-down state, the values of the electrical conductivity
per relaxation time are spread between 2.98 9 1018
(Xms)-1 at 50 K and 9.48 9 1018 (Xms)-1 at 800 K. These
results show a very high electrical conductivity, although
lower in the spin-down state confirming the semi-conductive nature of this material in this spin state. Therefore, a
very low resistivity of this material and a consequent
transport of electric charges with very low losses by the
Joule effect, which represents a major advantage for being a
good thermoelectric material. At room temperature (300 K),
the value of electrical conductivity per relaxation time in
the spin-down state is equal to 4.32 9 1018 (Xms)-1. The
thermal conductivity is sum of electron contribution and
lattice vibrations such as K ¼ Ke þ Kl , where the Ke and Kl
are the electronic part (electrons and holes transporting
heat) and lattice vibrations part (phonon contribution),
respectively. The variation of the thermal conductivity per
relaxation time against temperature (je/s, electronic part
only) for both spin channel is shown in figure 6b. It can be
clearly observed from these curves that in the spin-up state,
the thermal conductivity (je/s) increases linearly from 1.93
9 1014 (W K2 m s)–1at 50 K to 4.29 9 1015 (W K2 m s)–1 at
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Figure 5.

Seebeck coefficient of Fe2CrX (X = P, As, Sb) as a function of temperature.

Table 6. Values of the Seebeck coefficient in the two spin states at different temperatures and energy gap of the alloys Fe2CrX
(X = P, As, Sb).
S (lV K–1)
Fe2CrP
Alloy
T = 50 K
T = 300 K
T = 800 K
Energy gap (eV)

Fe2CrAs

Fe2CrSb

Spin up

Spin down

Spin up

Spin down

Spin up

Spin down

–7.93794
–11.6792
–26.9387
0.79

1.9582
5.3263
21.7106

–4.8492
–12.2728
–29.1166
0.71

10.3352
15.0610
29.7899

–7.992
–30.545
–59.410
0.65

40.2897
155.07
211.470

800 K. While for the spin-down channel, we can see the
non-linear variation of the electronic thermal conductivity,
increasing from 4.18 9 1012 (W K2 m s)–1 at 50 K to 5.06 9
1014 (W K2 m s)–1 at 800 K. At room temperature, the
values of the thermal conductivity (je/s) are about 1.35 9
1015 (W K2 m s)–1 and 5.62 9 1013 (W K2 m s)–1 for spinup and spin-down states, respectively. It should be noted
that the electrical and thermal conductivity plots look very
similar, these results are in accordance with the

Wiedemann-Franz law, which states the proportional relationship between these two quantities as follows: K = rLT,
where L is the Lorenz number; r represents the electrical
conductivity, while T is the absolute temperature. In
figure 6c, we have plotted the parameter data synthesizing
the efficiency of thermoelectric devices for the Fe2CrSb
material in the two spin states (up and down) as a function
of the temperature, it is Figure of merit (ZT). The Figure of
merit (ZT) provides the performances of a thermoelectric
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(a)

(c)

(b)

Figure 6. Thermoelectric transport properties of Fe2CrSb as a function of temperature; (a) electrical conductivity
(r/s); (b) Thermal conductivity (je/s) and (c) thermoelectric Figure of merit (ZT).

material and the capacity of a given material to efficiently
produce thermoelectric power. For both states of spin (up
and down), the curves are quite similar, i.e., the Figure of
merit (ZT) increases almost linearly with increase in temperature and reaches its maximum value (ZTmax = 0.125
and 0.68 (800 K) for spin-up and spin-down states,
respectively. Then they become practically constant at
higher temperature (above 600 K). ZT reaches a value of
nearly 0.54 and 0.68 at 300 and 800 K, respectively, in the
spin-down channel, which is very considerable compared to
the available thermoelectric materials [16]. Keeping in view
the above thermoelectric results, we conclude that Fe2CrSb
shows a remarkable thermoelectric performance in the spin-

down state, accompanied by a significant value of ZT
greater than that of many full-Heuslers reported till date.
We cannot compare our results due to shortage of experimental or theoretical results; however, these simulations can
be considered as reference data for future endeavors.

4.

Conclusion

In summary, we have successfully performed the firstprinciples calculations to probe the structural, electronic,
magnetic, elastic and thermoelectric properties of Fe2CrSb
Heusler alloy. The study of structural properties revealed
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that Fe2CrSb compound is energetically more stable in
CuMn2Al-type structure FM state. The negative value for
the enthalpy of formation confirms that the compound can
be synthesized and is stable thermodynamically. By calculating the cohesive energy, we can again corroborate the
structural stability of our compound. Phonon dispersion
curve with no imaginary frequencies pledges the dynamical
stability of this alloy. The band structure confirms an
indirect bandgap in minority spin at the C-X point (0.65 eV)
for GGA-PBE and 1.23 eV at the C-X points for TB-mBJ
approximation. The electronic and magnetic properties
reveal that Fe2CrSb compound has a half-metallic ferromagnet behaviour. The elastic properties govern the
mechanical stability of the present Heusler alloy, which is
anisotropic and ductile in nature. Our thermoelectric study
predicts Fe2CrSb as a probable thermoelectric material with
considerable values of a Figure of merit at low and high
temperatures. Finally, the investigated properties suggest
the application of this material in thermoelectric devices
and spintronic applications.
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