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A B S T R A C T

High spin-polarized materials are expected for the development of spintronic devices. In this work, we are
aiming to find new spintronic materials in Mn-based binary, ternary and quaternary Heusler alloys by using the
first-principles calculations. We investigated structures, electronic properties, magnetic, tetragonal distortion
and mechanic properties of Mn3Ga, Mn2YGa (Y=V, Nb, Ta) and ScMnVGa. The results show that Mn3Ga,
ScMnVGa type-I, and type-II have lower energy in antiferromagnetic (AFM) states than ferromagnetic (FM) and
paramagnetic (NM). Mn2YGa (Y=V, Nb, Ta) compounds are more stable in FM states. The results of electronic
and magnetic properties indicate that Mn3Ga is a gapless half-metallic antiferromagnet (Gapless HM-AFM).
Mn2VGa and Mn2NbGa belong to gapless half-metallic ferrimagnets (Gapless HM-FE). Mn2TaGa is ferrimagnets.
ScMnVGa type-I is half-metallic antiferromagnets (HM-AFM) and type-II belongs to spin gapless semiconductors
with AFM (SGSs-AFM). Inspired by Ferromagnetic shape memory alloys (FAMAs), we performed tetragonal
deformation of those compounds, and we predicted that Mn3Ga, Mn2YGa (Y=V, Nb, Ta) have possible mar-
tensitic transformations. Finally, the mechanical stability and elastic properties of above-mentioned in both
cubic and tetragonal structures were discussed in detail.

1. Introduction

Spintronics is considered to be one of the most promising subjects in
the information age because spintronic devices use not only the state of
charge but electronic spin to transfer and store information, which
speeds up information transmission and reduces energy losses. The
findings of Giant Magnetoresistance (GMR), Colossal
Magnetoresistance (CMR) and Tunnel Magnetoresistance (MGR) ac-
celerate the development of spintronics. Despite great potential ad-
vantages, spintronics still faces some challenges, such as, generate high
spin injectors. However, the discovery of half-metallic ferrimagnet has
improved this problem, which is an ideal semiconductor spin-injection
source due to it has 100% spin polarizability. Among different half-
metallic materials, Heusler alloys are prominent especially owing to
high Curie temperature and flexible electronic structures [1,2]. Since
De Groot et al. [3] discovered the half-metallic ferromagnets of
NiMnSb, while they were calculating the energy band using the plane-
wave method, this intermetallic materials with unusual electronic
structures arouse people’s attention.

In the big family of Heusler alloys, Co-based Heusler alloys [4–6]
usually show magnetism, and the source of this property is direct in-
teraction between Co-Co atoms. Cu-based Heusler alloys [7–9] are

typical representative of non-magnetic elements show ferromagnetic
after high-ordered, Pd-based Heusler alloys [10,11] which contain rare-
earth elements is superconducting, Ni2Mn-based Heusler alloys [12–17]
have both ferromagnetic properties and thermoelastic martensitic
transformation, which realizing magnetic-field-induced strain, shape
memory effect, magnetoresistance effect and other application func-
tions. At present, most research focuses on ternary Mn-based Heusler
alloys, and they usually behave ferromagnetic or ferromagnetic
[18–21]. Actually, besides half-metallic ferromagnets and ferrimagnets,
half-metallic antiferromagnets also worthy of study. Not only it has
100% spin polarizability, but its total magnetic moment is zero. Thus, it
means that when HM-AFMs are applied to spintronic devices, and those
alloys will get the feature of the low-stray field and low energy loss.
HM-AFMs were discovered in Heusler alloys [22] and perovskite
compounds [23]. Besides, the martensitic transformation was found in
some Mn-based Heusler alloys [24–26].

In addition to traditional half-metallic materials, some new mate-
rials which have fully spin-polarized have entered people’s field of vi-
sion: spin gapless semiconductors (SGSs) and gapless half-metals
(Gapless HM). Wang et al. [27] originally discovered SGSs in 2008.
They are sub-class of gapless semiconductor, in which VBM (valence
band maximum) and CBM (the conduction band minimum) touch each
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other at Femi level (Fig. 1(d)). For SGSs, at least one of CBM and the
VBM is fully spin-polarized. The combine of semiconductor and spin-
polarized endue a lot of interesting properties. For examples, no energy
required to excite electrons from VB to CB, and excited carriers are fully
spin-polarized. Thus it produces SGSs unique transformation properties:
coexistence of high Curie temperature and high resistance. Besides,
carriers mobility of SGSs is about 2–4 orders of magnitude than tradi-
tional semiconductors, due to their quadratic or linear energy band
dispersion [28]. What's more, SGSs is sensitive to outside effects such as
magnetic field and pressure, so they can turn for many application in
spintronics, optics, and sensors [29]. At present SGSs have been verified
by experiment, according to synthesis Mn2CoAl [30]. Inspired by SGSs,
Du et al. [31] proposed another new half-metallic material, Gapless
half-metallic (Gapless HM) or zero-gap HMMs, by experimentally syn-
thesizing Fe2CoSi. One of Gapless HM’s spin channels is gapless
(Fig. 1(c)), while another channel behaves metallic properties, thus
Gapless HMMs result in 100% spin polarizability. Fe2CoFe has mea-
sured Curie temperature is very high (1038 K). Furthermore, with the
temperature increasing, there is a positive to negative magnetoresis-
tance, and this can attribute to dominant carriers which are changed
from the gapless channel to metallic channel at Femi level. Fig. 1. shows
schematic plots of band structures for various spintronic materials:
ferromagnetic metal (FM), half-metal (HM), gapless half-metal (Gapless
HM), spin gapless semiconductor (SGS).

In general, as mention above HM-FM, HM-AFM, SGSs, and Gapless
HM have 100% spin polarizability at Femi level; thus, they all im-
portant spintronic materials. To further application of spintronics,
studying on these materials seem to especially necessary. Before this,
there have been some related researches, Gao et al. [32] discover
Gapless HM when they studied binary Heusler alloys. Gapless HM and
SGSs are also found in a small number of ternary or quaternary Heusler
alloys [30,33,34]. In this paper, the first-principles calculation of Mn-
based binary, ternary and quaternary Heusler alloys is carried out, and
we investigated electronic structure, magnetic properties, martensitic
transformation and elastic properties in detail.

2. Calculation details

We have employed first-principles calculations based on density
functional theory (DFT) [35,36], Mn-based Heusler alloys Mn3Ga,
Mn2YGa (Y=V, Nb, Ta) and ScMnVGa was investigated. All calcula-
tions are performed by CASTEP (Cambridge Serial Total Energy
package) code [37]. Generalized gradient approximation (GGA) [38]
with Perdew–Burke–Ernzerhof (PBE) [39] formula was carry out to
represent the exchange-correlation between electrons, and Ultrasoft
and On the fly pseudopotentials are selected to describe electronic –
iron interaction for cubic and tetragonal structure, respectively. Mn
3d54s2, V 3s23p63d34s2, Nb 4s24p64d45s1, Ta 5d36s2, Ga 3d10 4s24p1, Sc
3 s2 3p63d14s2 Pseudoatomic configuration are treated as valence
electrons. The convergence test is performed with cut-off energy from

350 to 550 eV within a step 25 eV, and k-points is setting from
5×5×5 to15×15×15, we finally choose 500 eV cut-off energy and
12× 12×12 k-points in the Brillouin zone for accurate results. Con-
vergence energy tolerance of self-consistence is checked within
1×10−6 eV/atom, and force on each atom of the unit cell is less than
0.02 eV/Å.

3. Results and discussion

3.1. Structural properties

There are many kinds of Heusler alloys, so there are several ways to
categorize them. For example, according to the central element types,
they are include Fe-based, Co-based, Ni-based, Pd-based etc. Heusler
alloys. For the number of elements, they contain binary, ternary, and
quaternary Heusler alloy. In this work, we investigate Mn-based binary,
ternary and quaternary Heusler alloys. The space group for binary and
quaternary Heusler alloy is F4__3m (No. 216 in the table of space
group). For ternary, it is Fm__3m (No. 225), which is composite by four
face-centered cubic (fcc). Fig. 2 shows schematic plots for m. Table 1
lists the specific space group and Wyckoff position.

To find more stable ground states, we performed total energy (E) as
a function of volume for paramagnetic, ferrimagnetic and ferromag-
netic states, and fit into Birch-Murnaghan’s equilibrium equation.
(ScMnVGa type-III behaves paramagnetic, so we do not have further
research.) Fig. 2. displays the results. From Fig. 2, we can find out that
Mn3Ga is more stable in antiferromagnetic states than paramagnetic
and ferrimagnetic, cause blue triangles which represent ferrimagnetic
are under blank squares and red rounds. Mn2YGa (Y=V, Nb, Ta) have
lower energy in ferromagnetic states, while ScMnVGa type-I, type-II are
more stable in antiferromagnetic states. Hence, in the following chap-
ters, we only discuss these stable states. Table 2 lists the lattice con-
stants after optimized and bulk modulus obtained by fitting the curves.
The results of Gao et al. [32] showed that the lattice constant of Mn3Ga
is 5.82 Å. The experiment result [21] of Mn2VGa show that its lattice
constant is 5.907 Å, while calculation results of Christoph Klewe et al.
[40] are 5.805 Å. Our calculation result is 5.848 Å that is close to the
experimental values. Most of the compounds in this study have not yet
been synthesized, so it is necessary to discuss their formation energy
and cohesive energy to judge the stability of these compounds. The
cohesive energy and formation energy are calculated based on the
following Eqs. (1) and (2).

= − − − + +( )E E aE bE cE a b cΔ /( )coh Mn YGa Mn
atom

Y
atom

Ga
atom

2 (1)

= − − − + +( )E E aE bE cEΔ /(a b a)form Mn YGa Mn
solid

Y
solid

Ga
solid

2 (2)

where ΔEcohΔEcoh and ΔEform refer to cohesive and formation energies
respectively; EMn YGa2 ΔE E Ecoh CsYO CsYO2 2 is the total energy of the com-
pound at equilibrium lattice constant; Eatom represent Eatom the energy
of the single Sc, Mn, Y and Ga atom and E Esolid solid is the total energy of

Fig. 1. Schematic plots of band structures for various spintronic materials (a) ferromagnetic metal, (b) half-metals, (c) gapless half-metal, (d) spin gapless semi-
conductors.
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the per atom for Sc, Mn, Y and Ga. The results are listed at Table 2, in
which we can see that the values of both cohesive energy and formation
energy for those six compounds are negative, and this means that they
all have thermodynamic stability.

3.2. Electronic structure and magnetic properties

To investigate electronic structures, we calculated band structures
and density of states of Mn3Ga, Mn2YGa (Y=V, Nb, Ta) and ScMnVGa
(type-I and type-II) at equilibrium lattice constants. To make the results
clear, all calculations in this chapter are performed by unit cells, which
are display at Figs. 3 and 4. Fig. 3 has shown band structures in both
spin up and spin down, which are distinguished by the red arrow
symbols, spin up is listed to the left and spin down is to the right side.
We can see from Mn2TaGa, both spin up and spin down have across
Femi level, but they are not asymmetry. Therefore, Mn2TaGa exhibits
magnetism but it is not a half-metal; it belongs to a magnetic metallic
material. The spin-up of ScMnVGa type-I across Femi level which ex-
hibits metallicity, while a band gap is observed at spin down which
shows semiconductor properties. This phenomenon leads to ScMnVGa
Type-I manifests half-metallicity, and its spin polarization reaches
100%. The interesting phenomenon appears to band structures of

Mn3Ga and Mn2VGa, one of their spin channels shows metallicity, on
another channel, VBM and CBM touch each other at high-symmetry
point and the Fermi level falls within a zero-width gap. They leave a
gapless band structure. Thus these two compounds are gapless (zero-

Fig. 2. The crystal structure of (a) binary Heusler alloy Mn3Ga (DO3-type), (b) ternary full-Heusler alloy Mn2YGa (Hg2CuTi-type) and (c) quaternary Heusler alloy
ScMnVGa (Y-type).

Table 1
The atomic arrangements in full-Heusler alloys, DO3-type binary Heusler alloys and quaternary Heusler alloys.

Variants Structure Wyckoff positions

A (0, 0, 0) B (1/4, 1/4, 1/4) C (1/2, 1/2, 1/2) D (3/4, 3/4, 3/4)

Binary Heusler alloys Mn3Ga DO3 Mn Mn Mn Ga
Full-Heusler alloys Mn2YGa L21 Mn Mn Y Ga
Quaternary Heusler alloys ScMnVGa Type-I Sc Mn V Ga

Type-II Mn Sc V Ga
Type-III Mn V Sc Ga

Table 2
Calculation of the lattice constants (a), bulk parameters (B) and cohesive en-
ergies (Ec) and formation energies (Ef) of Mn3Ga, Mn2YGa (Y=V, Nb, Ta) and
ScMnVGa (type-I and type-II).

Compounds a (Å) B (GPa) Ec (eV) Ef (eV)

Mn3Ga 5.872 −0.387 −0.179
5.82a

Mn2VGa 5.845 135 −0.716 −0.394
5.907b

5.808c

Mn2NbGa 6.013 168 −0.577 −0.362
Mn2TaGa 6.210 205 −0.576 −0.343
ScMnVGa Type-I 6.342 123 −0.875 −0.341
ScMnVGa Type-II 6.372 89 −0.815 −0.282
ScMnVGa Type-III 6.360 −0.875 −0.314

a Gao et al. (Ref. [32]) calculation.
b Ramesh Kumar et al. (Ref. [21]) experiment.
c Christoph Klewe et al. (Ref. [40]) calculation.
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gap) half-metal materials at equilibrium lattice constants. Similarly,
there is a small gap between Mn2NbGa’s CBM and VBM in spin up
channel, and resulted in a direct gap. Different from the gapless half-
metal materials predicted in other references [31,41], VBM and CBM of
these three compounds are in contact with each other at the same high
symmetry point. This highly dispersive energy band or even near-
linear-dispersive appears in quaternary Heusler alloys composed of rare
earth elements [42]. Another structure that deserves our attention is
ScMnVGa type-II, which has a indirect band gap on the spin down
channel. While in the spin-up energy band, at the high symmetry point
Gamma point, there is a band gap between the conduction band and the
valence band, and the highest point of the valence band is in touch
without crossing the Fermi level. Therefore, ScMnVGa Type-II can be
classified as spin gapless semiconductor (SGS). Spin gapless semi-
conductors are also present in other Heusler alloys [30,34]. Comparing
the difference between the three compounds of Mn2YGa (Y=V, Nb,
Ta), it considers that the Ta element contains 4f orbital, which makes
the electron cloud arrangement between atoms more compact.

We can see from the Fig. 4 that the energy between −10 eV and
6 eV of the six compounds, the 4p orbital of Ga atom mainly contributes
the spin-up and spin-down density states. For Mn3Ga, the density of
states of spin up around Femi level is mostly arises from Mn1 and Mn2
atoms. DOS of Mn2YGa (Y=V, Nb, Ta) around Femi level major comes
from hybridization between and Mn and Y atom. The DOS of ScMnYGa
(type-I and type-II) near Femi level is mainly contributed by V atom.
From 0 eV to 6 eV, the DOS is origin form Mn atom, V atom, and Sc
atom, and the peaks of the partial density of the three atoms correspond
to each other, indicating that there is a strong hybrid among them.
Since Mn atom mainly contribute to the density of states of Mn3Ga at
the Fermi level, the source of magnetic and half-metallicity of the
Mn3Ga compound are the 3d orbitals of Mn atoms. In the Mn2YGa
(Y=V, Nb, Ta) on the right side of Fig. 4., the density of states at the
Fermi level is mainly the 3d orbital contribution of the Y atom and the
Mn atom; thus, magnetic and half-metallic properties mostly come from
Mn atoms and Y atoms. Among the Type-I and Type-II of ScMnVGa, the
main source of magnetic, half-metallic and spin gapless semi-
conductivity is mainly contributed by hybridization of the 3d orbit of
Mn atom, V atom and Sc atom.

Positive values of DOS are chosen as majority spin electrons and
negative values are minority ones.

The total magnetic moments, atom magnetic moments, magnetic
states and physical nature are listed in Table 3. As we can see from
Table 3, the total magnetic moments of Mn2YGa (Y=V, Nb, Ta) are
1.99μB, 2.00μB, 4.26μB, respectively, and the magnetic moments of Y
atoms are −0.82 μB, −0.30 μB and −0.90 μB, respectively, which are
antiparallel to the magnetic moment of the Mn atom, so Mn2YGa
(Y=V, Nb, Ta) exhibits ferrimagnetism. Combining the band structure
results analysis, Mn2VGa and Mn2NbGa belong to the gapless half-metal
ferrimagnetic material (Gapless HM-FE), while Mn2TaGa is ferromag-
netic materials. The total magnetic moment of Mn3Ga, ScMnVGa type-I,
and ScMnVGa type-II is 0, and there are positive and negative values in
the atomic magnetic moment, so these three compounds have anti-
ferromagnetic properties. According to the results of band structures,
Mn3Ga belongs to gapless half-metallic antiferromagnetic, ScMnVGa
type-I belongs to half-metallic antiferromagnetic materials, and
ScMnVGa type-II belongs to spin gapless semiconductor anti-
ferromagnetic. To the best of our knowledge, most Heusler alloys satisfy
the Slater-Pauling rule [43]: = −M Z( 24)tot or = −M Z( 18)tot , where
Mtotrepresents the total magnetic moment of the cell, Z is the total
number of valence electrons, and 24 and 18 indicate that 12 and 9
orbitals are filled. The valence electron numbers of Mn3Ga, Mn2VGa,
and Mn2NbGa are 22, 22, and 24, respectively, and the magnetic mo-
ments are 0 μB, 1.99 μB (close to 2.00), and 2.00 μB, respectively, so the
three compounds satisfy the Slater-Pauling rules: = −M Z( 24)tot . For
ScMnVGa (type-I and type-II), they have 18 valence electrons, and total
magnetic moments are zero, thus, they satisfy = −M Z( 18)tot . This also
proves on the other hand that these compounds are half-metallic.

3.3. Tetragonal deformation

The shape memory effect in Heusler alloys is a phase transition from
austenite to martensite. The specific process is reflected in the aniso-
tropic tetragonal structure becoming an isotropic cubic structure. At
present, the main research method is Bain paths [44], which refers to
the method of reversible order between the ordered L21 austenite and
the L10 martensite phase during the tetragonal deformation process.

Fig. 3. Total energy as a function of volume for the (a) Mn3Ga, (b) Mn2VGa, (c) Mn2NbGa, (d) Mn2TaGa, (e) ScMnVGa type-I and (f) ScMnVGa type-II in NM, FM, FE,
AFM states.
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The Bain path method assumes that the cell volume does not change
after the deformation is applied to the cubic phase, and then calculates
the energy difference corresponding to c/a to estimate whether the
compound is stable or metastable.

In this work, we calculated the energy of different c/a by tetragonal
transformation of Mn3Ga, Mn2YGa (Y=V, Nb, Ta) and ScMnVGa Type-
I and type-II, the results are plotted in Fig. 5. To make the results
clearer, we have drawn different ranges of Bain paths. The c/a variation
range of Mn3Ga Mn2YGa (Y=V, Nb, Ta) and ScMnVGa Type-I and
type-II are 0.90–1.48, 0.860–1.32, 0.88–1.32, 0.77–1.36, 0.8–1.48,
0.80–1.48, respectively. ΔE represents the difference between the en-
ergy at the different c/a and the energy at the L21 structure.

From Fig. 5 we can see that there is only one energy minimum value

in ScMnVGa type- I and type-II, which is L21 structure. It means that the
two compounds are the more stable in the cubic structures and there are
no other phases. Mn3Ga, Mn2VGa, and Mn2TaGa have two lowest en-
ergy points, one locates at the L21 structure and another lies in c/
a > 1. This indicated that stable phases are located at c/a= 1.32, c/
a= 1.44 and c/a=1.44, respectively. For Mn2NbGa, there are two
points with lower energy than L21, one locates at c/a < 1, and the
other one located at c/a > 1. They illuminate that metastable phases
exist in these energy local minima. In other words, we can predict that
Mn3Ga and Mn2YGa (Y=V, Nb, Ta) compounds have a shape memory
effect by applying external temperature and stress. Besides, we list the
corresponding lattice constants of martensite phases in Table 4. Also,
we can also see that Mn3Ga have the largest energy difference than

Fig. 4. The spin up and spin down band structures patterns of Mn3Ga, Mn2VGa, Mn2NbGa Mn2TaGa, ScMnVGa Type-I and Type-II compounds at the equilibrium
lattice parameters.

L. Fan, et al. Journal of Magnetism and Magnetic Materials xxx (xxxx) xxxx

5



Fig. 4. (continued)

Table 3
Calculated total magnetic moments and the atomic magnetic moments (Mtot) per formula unit, magnetic states and physical nature for Heusler alloys, Mn3Ga,
Mn2YGa (Y=V, Nb, Ta), ScMnVGa Type-I and type-II.

Compounds Mtot/μB MMn/μB MY/μB MSc/μB MGa/μB Magnetic states Physical nature

Mn3Ga 0 1.45 (Mn1) −0.73 (Mn2) 0 AFM Gapless HM
Mn2VGa 1.99 1.39 −0.82 0.03 FE Gapless HM

2a 1.50a −0.90a 0 FE
1.99b 1.64b −1.20b

Mn2NbGa 2.00 1.14 −0.30 0.01 FE Gapless HM
Mn2TaGa 4.26 2.57 −0.90 0.01 FE Metallic
ScMnVGa Type-I 0 2.35 −2.15 −0.08 −0.12 AFM HM
ScMnVGa Type-II 0 1.56 −1.29 −0.24 −0.04 AFM SGSs

a Ramesh Kumar et al. (Ref. [21]) experiment.
b Christoph Klewe et al. (Ref. [40]) calculation.
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Mn2YGa (Y=V, Nb, Ta). Thus, we can predict that the martensite
phase of Mn3Ga is relatively stable and has a higher phase transition
temperature than other compounds. At present, the experimentally
synthesized Mn3Ga in references [45–47] is the almost tetragonal
phase, which also shows that the tetragonal phase is more stable than

the cubic phase. Table 4 lists the comparison between the calculation
results of the Mn3Ga tetragonal structure and the experimental results.
It can be seen from Table 4 that the theoretical calculation results are
close to the experimental results, but there is a nearly 3% difference,
which is mainly due to cell volume does not change after deformation

Fig. 5. The total density of states (TDOS) and the density of partial states (PDOS) of Mn3Ga, Mn2YGa (Y=V, Nb, Ta) and ScMnVGa (type-I and type-II) at equipment
lattice constants.
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(See Fig. 6).

3.4. Elastic properties

Elastic properties are critical to technological applications, so it is
necessary to study the hardness, stability, anisotropy and stiffness of
materials. In this chapter, we will explore the elastic properties of
Mn3Ga, Mn2VGa, Mn2NbGa, Mn2TaGa, ScMnVGa Type-I, and ScMnVGa
Type-II cubic structures and tetragonal structures by calculating the
elastic constants (cij). Due to the high symmetry of the cubic structure,
there are only three independent elastic constants (c11, c12, c14) among
the 21 elastic constants, and the tetragonal structures (I4/mmm) have
six independent elastic constants (c11, c33, c44, c66, c12, c13). The criteria
for the stability of the cubic structures and the tetragonal structures are
as follows:

Cubic crystal:

− > > > + >c c c c c( c ) 0, 0, 0, ( 2 ) 011 12 11 44 11 12

Tetragonal crystal:

− > + − >c c c c c( ) 0, ( 2 ) 011 12 11 13 13

> > > >c c c c0, 0, 0, 011 13 44 66

+ + + >c c c c(2 2 4 ) 011 33 12 13

The calculated elastic constants of the cubic structure and the tet-
ragonal structure are listed in Table 5. According to the above criteria,
we can conclude that the cubic structure of Mn3Ga does not satisfy the
stability criterion − >c c( 0)11 12 while the tetragonal structure shows
stability. This explains why the experimentally synthesized Mn3Ga is a
tetragonal structure. The Mn2VGa and Mn2NbGa cubic structures and
the tetragonal structures are both stable. The Mn2TaGa cubic structure
is stable, while the tetragonal structure is unstable. The ScMnVGa type-
I cubic structure is unstable ( <c 044 ); the ScMnVGa Type- II cubic
structure is stable. The elastic constants are usually for single crystals,
and the alloy is usually polycrystalline, so we need to evaluate the
corresponding elastic modulus of the polycrystal by Voigt- Reuss
[49,50] approximation.

= +c cB ( 2 )/311 12

= − +c c cG ( 3 )/511 12 44

Other elastic moduli such as Young's modulus E and Poisson's ratio ν
[51], universal anisotropy AU index [52], can be obtained by the fol-
lowing formula:

= +E (9GB)/(3B G)

= − +ν (3B 2G)/(6B 2G)

= + −A G G B B(5 / ) ( / ) 6U
V R V R

GV , GR and BV , BR are the bulk modulus and shear modulus of the
Voigt and Reuss approximation, respectively.

Table 4 lists the elastic modulus of cubic and tetragonal structures of
Mn3Ga, Mn2YGa (Y=V, Nb, Ta), ScMnVGa Type-I, and ScMnVGa
Type-II, from which we can analyze the mechanical properties of these
compounds. The B/G is the parameter which is defined as the indicator
of brittleness or ductility of a material. The value of the ratio is higher
than1.75 indicates ductility, while lower than 1.75 refers to brittleness.
The cubic and tetragonal structure, the B/G value is founded to
be>1.75 for the compounds of Mn3Ga (tetragonal), Mn2VGa (cubic),
Mn2NbGa (cubic and tetragonal for c/a= 1.16), Mn2TaGa (cubic),

Table 4
Calculated lattice parameter (a, c) and space group of Mn3Ga and Mn2YGa
(Y=V, Nb, Ta) in tetragonal phase.

Compounds c/a Space group a (Å) c (Å)

Mn3Ga This work 1.32 I4/mmm 3.790 7.065
Experimenta I4/mmm 3.906 7.100
Experimentb I4/mmm 3.904 7.088
Calculationc I4/mmm 3.88 7.03

Mn2VGa 1.14 I4/mmm 3.957 6.379

Mn2NbGa 0.96 I4/mmm 4.311 5.852
1.16 I4/mmm 4.047 6.639

Mn2TaGa 1.44 I4/mmm 4.116 6.635

a Experiment Rode et al. [46].
b Experiment Balke et al. [45].
c Calculation Wollmann et al. [48].

Fig. 6. The c/a dependences of energy difference for Mn3Ga, Mn2YGa (Y=V, Nb, Ta) and ScMnVGa (type-I and type-II).
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while they are less than 1.75 for the compounds of Mn2VGa (tetra-
gonal), ScMnVGa type-II and Mn2NbGa (tetragonal for c/a-0.96). Ac-
cording to reference studies, when the value of Poisson’s ratio is small
(close to 0.1), corresponding to the covalent material, and when the
value of Poisson's ratio is large (close to 0.25), it corresponds to the
ionic material. From Table 5 we can see that the Poisson's ratios of both
the tetragonal structure and the cubic structure are close to 0.25, so,
they are all ionic materials [53]. The general elastic anisotropy AU =0
indicates that the single crystal exhibits isotropy, and the greater the
deviation of AU from 0, the greater the degree of anisotropy of the
crystal. It can be seen from the results in Table 5 that these compounds
are all anisotropic materials with a large degree of anisotropy. In ad-
dition, the degree of anisotropy of the tetragonal structure is greater
than that of the cubic structure.

4. Conclusion

In this paper, we calculated the structural properties, electronic
structures, tetragonal deformation and mechanical properties of
Mn3Ga, Mn2YGa (Y=V, Nb, Ta), ScMnVGa type-I ScMnVGa type-II
using first-principles calculations based on density functional theory.
Our calculations show that Mn3Ga, ScMnVGa type-I, and type-II are
more stable in the antiferromagnetic state, and Mn2YGa (Y=V, Nb, Ta)
is more stable in the ferrimagnetic state. ScMnVGa type-III is not
magnetic. Mn3Ga, Mn2YGa (Y=V, Nb, Ta) and ScMnVGa (type-I and
type-II) have thermodynamic stability by calculation of cohesive and
formation energy. The band structures results show that Mn2TaGa be-
longs to a ferrimagnetic magnet; ScMnVGa type-I exhibits half-metal
antiferromagnetic. Besides, highly dispersed gapless half-metallicity
occurs in Mn3Ga, Mn2VGa, and Mn2NbGa when they are at equilibrium
lattice. More importantly, the band structure of ScMnVGa type-II shows
that it belongs to spin gapless semiconductors (SGSs). The results of the
TDOS and the PDOS show that the magnetic and half-metallic proper-
ties of the compounds are origins from the hybridization between the
transition elements. Except for Mn2TaGa, the regional compounds have
a 100% spin polarizability and the magnetic moments are integers,
satisfying the Slater-Pauling rule: = −M (Z 24)tot or = −M Z( 18)tot .
Mn3Ga and Mn2YGa (Y=V, Nb, Ta) have a shape memory effect be-
cause of the energy difference in the austenite phase to a martensite
phase transition. The cubic structure of Mn3Ga does not satisfy the
mechanical stability, but the tetragonal structure shows stability and
the tetragonal structure exhibits ductility. The tetragonal structure and
cubic structure of Mn2VGa are both stable and ductile, and the cubic

and tetragonal structures of Mn2NbGa are mechanically stable. The
cubic structure and the tetragonal structure of c/a=1.16 exhibit
ductility, and another tetragonal structure of c/a= 0.96 exhibits brit-
tleness. The Mn2TaGa cubic structure is stable but the tetragonal
structure is unstable, and the cubic structure is ductile. The ScMnVGa
type-I cubic phase is unstable, and ScMnVGa type- II has mechanical
stability and exhibits brittleness. Mn3Ga, Mn2YGa (Y=V, Nb, Ta) and
ScMnVGa (type-I and type-II) all exhibit anisotropy.
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