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The composition-dependent lattice parameters, crystal structure, elastic properties, magnetic moment, and
electronic structure of Ni;Mn;,,In;_, (0 < x < 0.6) are studied by using first-principles calculations. It is
shown that the martensitic phase transition (MPT) from cubic L2, to tetragonal L1, accompanies the Mny,-Mny,
ferromagnetic (FM) to antiferromagnetic (AFM) transition, at around the critical composition x = 0.32, in
agreement with the experimental measurement. The Mn-In atomic disorder leads to decreasing stability of
the martensite relative to the austenite, which depresses the MPT. The shear elastic constant C’ of the parent
phase first decreases slightly with increasing x and then remains almost unchanged above x = 0.32, indicating
C’ alone cannot account for the increase of the MPT temperature with x. The total magnetic moments for the L2,
phase are in good agreement with those determined by experiments, whereas for the L1, phase they are slightly
larger than the experimental data due to the possible Mn-In atomic disorder in the sample. The calculated density
of states demonstrate that the covalent bonding between the minority spin states of Ni and In plays an important

role in both the magnetic and structural stability.
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I. INTRODUCTION

X,YZ Heusler alloys show martensitic phase transition
(MPT) upon changing temperature. The MPT of these shape
memory alloys is generally attributed to the lattice instability,
as demonstrated by the soft phonon modes and the correspond-
ing elastic constant, e.g., C' [=1/2(C;; — C}»)].""> The origin
can be further traced to the Jahn-Teller distortion® and Fermi
surface nesting* at electronic structure level.

Unlike the Ni-Mn-Ga family, Ni-Mn-Z (Z = In, Sn, Ge,
and Sb) Heusler alloys undergo MPT only in the off-
stoichiometric condition; e.g., the MPT was observed in
NipMnj ;. In;_, only with x larger than about 0.32,>° of which
the origin is still to be uncovered. The Ni-Mn-In system
near the Heusler composition shows marked differences in
the magnetic properties from those of other Ni-Mn-based
Heusler alloys. The major feature that particularly stands out
is that the magnetization in the austenitic phase (cubic L2;)
increases with Mn content,’”’ i.e., in Ni;Mni;,In;_, the
excess Mn-on-In sublattice (Mny,) should be ferromagnetic
(FM) instead of antiferromagnetic (AFM) coupling with that
of the Mn-on-Mn site (Mnpy), as in NioMni4,Ga;_%° and
Ni,Mn,Sn;_,.'"° However, the martensite (modulated or
nonmodulated tetragonal structure) of Ni,Mn;;,In;_, pos-
sesses much smaller magnetic moment compared to its well
defined FM parent phase,’ and even to FM L2;-Ni;MnlIn. In
addition, similar to Ni-Mn-Sn'! and Ni-Mn-Sb'? systems, a
large exchange bias (EB) has been experimentally found in
the martensitic state of Nig sMns4sIne bulk polycrystal'
which indicates that the FM and AFM states coexist in
the system, and at the interfaces they couple each other.
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This reflects that in Ni;Mn4,In;_, alloys the MPT may be
accompanied by a complex rearrangement of the magnetic
ordering. Nevertheless, at present, the true story of the
magnetic state of the martensite still needs to be ascertained.

The magnetic property is closely related to the MPT
in most of the shape memory alloys. For the Ni-Mn-Ga
and Ni-Mn-Sn families, the decrease in the magnetization
generally corresponds to the increase in the driving force
for the structural phase transition, i.e., the raise of the MPT
temperature (Tj).'*"> In Ni;Mn,,In|_,, it is desirable to
explore whether the abrupt drop of the magnetic moment from
the austenite to martensite originates from the MPT itself.
Besides, the Mn-Z type atomic disorder is easily formed in
Ni-Mn-Z alloys, which is expected to have a great influence on
the magnetic configuration of the systems, and consequently,
maybe on the MPT. Experimentally, it has been reported
that the thermodynamics of the MPT in Ni,Mn;,In;_,
is dominated by the atomic ordering because it influences
the magnetic entropy during the process.'® Therefore, the
investigation in detail about the atomic ordering effect on the
phase stability has great significance.

Here we have clarified the origin of the MPT from the mag-
netic and atomic ordering point of view for NipMn;;,In;_,
by using first-principles calculations, performed with an
exact muffin-tin orbitals (EMTO) method in combination
with a coherent potential approximation (CPA).'”?! From
our calculations, it is also uncovered why the experimental
magnetic moment is much lower in the martensite than that
in the austenite of Ni,Mn;;,In;_,. The rest of the paper is
arranged as follows: in Sec. II, we describe the employed
first-principles method and the details of the calculations. In
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Sec. III, the composition-dependent lattice parameters, crystal
structure, elastic property, magnetic moment, and electronic
structure are presented. The magnetic and atomic ordering
effects on the MPT as well as their electronic origin are
discussed. Finally, we summarize the main results of this work
in Sec. IV.

II. METHODS AND CALCULATION DETAILS

Within the present EMTO program,'’?! the one-electron
Kohn-Sham equation is solved by the use of a Green’s function
technique. The effective potential is approximated with the
optimized overlapping muffin-tin potential. The total energy
is calculated with a full-charge density technique.'®*’ In
addition, in combination with the CPA method, '8! the EMTO
program is flexible enough to describe the random distribution
of the different atoms on one sublattice, and also the random
distribution of the local magnetic moments. In a number of
former works, the accuracy of the EMTO-CPA method for the
equation of state of metals and disordered alloys has been
successfully demonstrated.?'2° In the present application,
most of the parameters are set as in Ref. 27. Nevertheless,
in order to improve the precision of the calculation, 17 x 17 x
17 k-point mesh is adopted here throughout the calculations.

The crystal structure of the high-temperature L2;-Ni;MnlIn
is shown in Fig. 1(a). Ni atoms are located at the (}1, i, le) and

(%, %, %) sublattices, Mn atoms occupy the ( %, %, %) sublattice,
and In atoms occupy the (0, 0, 0) sublattice. Figure 1(b)
depicts the crystal structure of the nonmodulated tetragonal
martensite (L1p). In the off-stoichiometric Ni;Mn;,In;_,
alloys, the excess Mn atoms prefer to occupy the In sublattice.®
We assume that they are distributed randomly on the In
sublattice, which is described within the framework of the
CPA.'32! Similarly, for the Mn-In disordered phases with
Mn(;4)2In_x)/2 on both Mn and In sublattices, the atomic
disorder is treated also in the same way.

The equilibrium lattice parameter (a¢) and bulk modulus
are determined by fitting the calculated total energies versus
volume (nine data points) to a Morse function.”® The shear
elastic constants (C’ and Cy4) in cubic structure are calculated
by the use of volume conserving orthorhombic and monoclinic
deformations, which have been described clearly in our pre-
vious work.?® The Ni 3d%4s2, Mn 3d°4s?, and In 3d'4s%4 p!
are treated as valence electrons.
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FIG. 1. (Color online) Unit cells of standard stoichiometric
Ni,Mnln with simple cubic L2, structure (a) and body-centered-
tetragonal L1, structure (b) in the [1 1 O] direction.
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FIG. 2. (Color online) Theoretical lattice parameters of the
ordered L2,-NipMn;,,In;_, (0.0 < x < 0.6) in FM (agy) and AFM
(aapm) states as well as the disordered alloys in the FM state (aFD,\'AS s
with respect to x, in comparison with the experimental data cited

from Refs. 5 and 6 (denoted by a®*" ! and a®*" ¢!, respectively).

III. RESULTS AND DISCUSSION

A. Lattice parameter of austenite

Figure 2 shows the composition-dependent equilib-
rium lattice parameters of the ordered L2;-Ni,Mn;,In;_,
(0 < x<0.6) in FM (apm) and AFM (aarpyv) states as well
as the disordered alloys in the FM (aFDI\I/IS) state. For NiMnln,
our apy is about 6.072 A, in good agreement with the ex-
perimental (6.071 A3) and other theoretical values (6.090 A3
and 6.060 A3! ). With increasing Mn excess (x), apm, aapm, and

aFDI\I/IS decrease linearly. At each composition, aagy is smaller

than agy, whereas a%,ls is slightly larger than apy;. Within the
whole range of the studied off-stoichiometric composition,
apm 1s in better agreement with the available experimental
data>® than aspy. However, for 0.3 < x < 0.4, aFDI\I,IS seems
to be closer to the experimental lattice parameter® than agy.
Experimentally, it has been found that when x rises up to 0.36,
the Ni,Mn,,In;_, alloy exhibits B, structure instead of L2,
at room temperature.5 This indicates that, when x > 0.3, the
Mn-In disordered state with relatively little higher electronic
total energy may be stabilized by temperature effects or
dynamic factors at finite temperature.

Based on the experimental measurements, there is a roughly
established assumption that the MPT of the shape memory
alloys occurs in alloys having austenitic lattice parameter of
less than 6.0 A.32 From our calculations, this critical lattice
parameter corresponds to the critical composition of x = 0.33
for the FM L2, ordered phase and x = 0.36 for the FM
L2, disordered one (as shown in Fig. 2). The theoretical
critical compositions are in reasonable agreement with the
experimental data ranging from 0.368 to 0.38.%° In addition,
it is expected that the atomic disorder tends to expand the
volume and depress the occurrence of the MPT, which follows
its referred volume effect in Refs. 32-34; i.e., the expansion
of the volume in the cubic phase corresponds to the decrease
of the T),.

B. Martensitic phase

In the present work, we focus ourselves on nonmodulated
tetragonal martensite with L 1 structure. In order to determine
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FIG. 3. (Color online) The total energy change with respect
to ¢/a in NipMny ,In;_, (x = 0.0, 0.3, and 0.6) with Mnyy, and
Mn;, FM coupling (a) and AFM coupling (b). For comparison,
the corresponding theoretical result for the disordered system with
x = 0.6 is also shown. The reference state is the ordered FM cubic
phase (c/a = 1).

the equilibrium state of the phase, we calculate the total energy
against ¢/a with an interval of 0.05 for x from 0 to 0.6 with
an interval of 0.1. Figure 3 shows the E ~ c/a profiles for
x = 0.0, 0.3, and 0.6. Here, the total energy at the FM L2
phase is treated as the reference energy. As seen in Fig. 3(a),
with FM coupling between Mny, and Mnyy,, the L2 phase with
c/a = 1 possesses the lowest energy for all three compositions
without stable martensite being found. Figure 3(b) presents the
energy profile with AFM coupling between Mny, and Mnyy,.
For x = 0.0, the cubic phase with c¢/a =1 is still globally
stable. With increasing Mn excess, another energy minimum
appearsatc/a > 1,indicating that the L 1) martensite becomes
more stable than the AFM cubic phase. For x = 0.3, the AFM
E ~ c/a profile exhibits an energy minimum at about c/a ~
1.21. This minimum is, however, slightly higher in energy
(0.02 mRy) than the FM cubic phase. Therefore, the MPT
may not occur with x < 0.3 since the FM cubic phase is the
ground state in this case. With x = 0.6, we find an energy
minimum atc/a ~ 1.27 corresponding to the AFM L1, phase.
This phase is lower in energy than both AFM and FM cubic
phases. Therefore, the MPT is expected.

The E ~ c/a profiles of the disordered alloy with x = 0.6
are also included in Fig. 3. It is shown that, at each c¢/a value,
the disordered system is higher in energy than the ordered one
in both FM [Fig. 3(a)] and AFM states [Fig. 3(b)]. Similar to
the ordered system, for the FM state [Fig. 3(a)], no martensite
with ¢/a > 1 is found. For the AFM state [Fig. 3(b)], we again
observe an energy minimum at c¢/a ~ 1.25 corresponding to
the martensite.

As discussed above, when the MPT occurs, the off-
stoichiometric NipMn4,In;_, cannot go directly from FM
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FIG. 4. (Color online) The energy difference between AFM
L1y (¢/a =1.25) and FM L2, (c/a = 1) ordered (AE,—1,,) as
well as disordered (AE?}??LZI) NipMny,In;_, (0 < x < 0.6) with
respect to x.

austenite to FM martensite. There must be a FM-to-AFM
magnetic transition accompanying the MPT such that the
AFM martensite can result. Such a magnetic transition at MPT
temperature, the so-called metamagnetic transition, has been
observed experimentally.®>3

Figure 3 clearly shows that the MPT of Ni;Mn;;,In;_,
is composition and magnetic-state dependent. In order to get
the critical composition at which the MPT occurs, we plot
the energy difference between AFM L1y (c¢/a = 1.25) and
FM L2, (c¢/a = 1) phases (AEr1,—12,) as a function of x in
Fig. 4. Withincreasing x, AE 1,12, decreases almost linearly,
indicating the stability of the AFM L1, phase relative to the
FM L2, austenite increases. Around x = 0.32, it changes
from positive to negative, i.e., the AFM L1, phase becomes
more stable than the FM L2, phase. This means that, if we
neglect the temperature effect on the free energy difference
between the two phases, the critical composition for MPT in
Ni,Mn,,In;_, is about 0.32, close to the values (0.368° and
0.38%) determined by experimental measurements.

Also plotted in Fig. 4 is the energy difference between the
L1y phase with ¢/a = 1.25 and the L2, phase of the disordered
Ni,Mn4 . In;_, (AELDig_LZI). The critical composition x of
the MPT corresponding to AEP[S ) =0 is about 0.38,
higher than that for the ordered system. Moreover, for each
composition, AELD{E_LZI is larger than AE;,.1»,, indicating
that the atomic disorder increases the stability of the L2;
cubic phase relative to the L1y martensitic phase. Similar to
Ni-Mn-Ga alloys,*” the MPT in the disordered Ni,Mn ;. In;_,
is depressed to occur at relatively lower temperature.

In Table I, the lattice parameters of the ordered (a and c/a)
and disordered (aP™® and c¢/aP®) martensitic phases of
NipMnj4,In;_, (x = 0.4,0.5, and 0.6) are listed. Similar to the
cubic parent phase, both a and ¢P'S in the martensite decrease
with increasing x. At each composition, the atomic disorder
enlarge a slightly. Nevertheless, with increasing Mn excess
x, both ¢/a and ¢/aP'S increase, and they are close to each
other at the same composition. Experimentally, the Mn excess
accelerates the occurrence of the MPT and increases T),.> This
suggests that, for Ni,Mn;,,In;_,, a larger tetragonality of the
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TABLE 1. Theoretical equilibrium lattice parameters of the
ordered [a(x) in A and c/a(x)] and disordered [a”S(x) in A and
¢/aPB(x)] martensitic Ni;Mn, ., In,_, (x = 0.4, 0.5, and 0.6).
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elastic properties alone are not sufficient to account for the
variation of T, against x for NipMn;,,In;_, (x > 0.3). For
this system, the properties of the martensite (e.g., its stability
relative to the austenite) have to be taken into account in order

X a(x) c/a(x) aP®(x) c/a’®(x) to understand the composition-dependent T, as discussed in
0.4 5.9584 1239 5.9623 1.240 the previous subsection.

0.5 5.9281 1.264 5.9317 1.256

0.6 5.8971 1.279 5.9002 1.276

martensite (Jc/a — 1]) corresponds to a higher Ty, which is
also found for Ni-Mn-Ga based alloys. %3

C. Elastic property

The structural phase transition of alloys comes directly
from the instability of the thermodynamical properties in
the parent phase. For Ni-Mn-Ga shape memory alloys, the
MPT is generally accompanied by the soft-phonon modes
and the soft shear elastic constant C’ of the high-temperature
L2; phase.">% In addition, the alloying effect on the MPT
temperature T}, has been related to the composition-dependent
C’: a lower C’ corresponding to a higher T); in most of the
off-stoichiometric alloys.***? In order to better understand the
mechanical stability of NipMn;,In;_, alloys, in this section
we investigate the composition-dependent elastic constants of
the FM cubic phase.

In Fig. 5, the shear elastic constants (C’ and Cy4) and the
anisotropic ratio (A = C’/Cy4) are presented as functions of
x. C’, Cy4, and A of the standard stoichiometric Ni.MnlIn are
12.10  0.25 GPa, 106.81 % 1.35 GPa, and 8.83, respectively,
in good agreement with those from experimental measure-
ments (12 & 4 GPa, 90 £ 15 GPa, and 7.5, respectively*}) and
other first-principle calculations (15 GPa, 101 GPa, and 6.7,
respectively®'). In the range of x < 0.3, with increasing x
(or e/a), C' becomes gradually softer but Cyy gets stiffer,
which results in larger A. However, when the Mn excess
exceeds 0.3, C’, Cy4, and A keep almost constant against x
although the experimental T), increases with x. This result
suggests that, unlike Ni-Mn-Ga, the composition-dependent

e/a

7.50 7.70 7.90 8.10
115 ‘ ‘ ‘

Elastic properties

D. Magnetic moment

Similar to other Ni-Mn-Z (Z = Ga, Sn, and Sb) Heusler
alloys,* the total magnetic moment (1) of NioMnj In;_,
is mainly localized on the Mn atoms with a small contribution
from the Ni atoms. The magnetic moment of In, depending
on the composition of the alloy, is merely 0.02u5-0.05u5.
For the FM standard stoichiometric Ni;MnlIn, Ni and Mn
atoms possess magnetic moments of 0.29up and 3.59up,
respectively. [t 1S around 4.13 5, in good agreement with
experimental measurements (4.1 3®) and other first-principles
calculations (4.2085** and 4.41 . 5°%).

The variation of the total magnetic moment [y with
respect to x is shown in Fig. 6. For the cubic L2; phase
with Mny, ferromagnetically coupled with Mnyy,, the total
magnetic moment (MtLof‘FM) increases linearly with x. On the
other hand, for the L1, phase with Mny, antiferromagnetically

coupled with Mnyy,, the total magnetic moment (thLOiOAFM)
decreases linearly with increasing x. For x < 0.32, ,bLtI;)%lFM
is in good agreement with the experimental magnetic mo-
ments of the austenite (utL(,%' [Ref. 61y "wwhereas for x > 0.36 the
trend of utLOi”AFM is consistent with that of the experimental
magnetic moments of the martensite (z1(°[Re" 61). This again
demonstrates the coupling between the metamagnetic and the
structural transition of Ni,Mn 4, In;_,, noting that the critical
composition for the structure transition is x ~ 0.32.

For the disordered FM L2, phase, the total magnetic

L2, DIs 2
moment (1,5, ™) is almost the same as ;'™ at each compo-

sition x. This is because the ferromgnetically coupled Mny,
and Mny, in the L2; phase have almost the same magnetic

i i [Ref. 6]
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FIG. 5. (Color online) The shear elastic constants (C’ and Cy4,
in GPa) and the anisotropic ratio (A = C’'/Cy) of the FM
L2,-NipMn;,,In;_, (0.0 < x < 0.6) with respect to x as well as
the number of valence electrons per atom (e/a).

X

FIG. 6. (Color online) The composition dependence of the total

magnetic moment in FM L2, (Mﬁ,%‘FM) and AFM L1, (uﬁ,{”AFM) or-
DIS

dered, and FM L2, disordered (uijl ™M) NipMn; , In;_, (0<x<0.6),

in comparison with those of the experimental data in the two phases
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FIG. 7. (Color online) The total density of states (DOS) of L2;-
NisMn, gIng4 in FM (L2gy), AFM (L2 Arm), and FM disordered
(LZ]ES) states (a), as well as those of the L1y system in AFM
(L1gpapv)s FM (L1opy), and AFM disordered (L1o55,) states (b).
The vertical lines indicate the Fermi level.

moments. When Mnyy, and Mny, are antiferromagnetically
coupled, the total magnetic moments of the disordered FM L2,
and AFM L1, phases are close to zero since Mnyy, and Mny,
have the same atomic fraction. As seen in Fig. 6, the calculated
total magnetic moment of the AFM L1, phase MIL():OAFM is larger
than those from the experiment measurement 15 {°[Ref- 61 Thig
indicates that there exists Mn-In disordering in the sample used
in the experiment which decreases the total magnetic moment.

E. Electronic structure

In order to explore the electronic origin of the preference
of the magnetic state and the MPT of Ni;Mn,,,In;_, alloys,
we calculate the total density of states (DOS) of austenitic
and martensitic Ni;Mn; ¢Ing 4 at both FM and AFM states, as
shown in Figs. 7(a) and 7(b), respectively. Here, the atomic
disorder effect is also in consideration.

For the L2, phase [Fig. 7(a)], as compared to the FM state,
the dominated peak around —0.075 Ry in the spin-up DOS
shifts to higher energy at AFM state. The pseudogap around
—0.05Ry in the spin-down DOS is much wider and deeper
for the FM state than that for the AFM one, indicating that
the covalent bonding of the FM state is stronger than that of
the AFM phase in the view of the reported theory.**° This
accounts well for the more stable FM L2, phase compared to
that of the AFM one.

For the L1, phase [Fig. 7(b)], in the AFM state, the Fermi
level is located at the valley of the pseudogap, which means
that the bonding states are fully occupied but the antibonding
states are empty. In the FM state, some of the antibonding
states are occupied by electrons. In addition, the peak of the
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FIG. 8. (Color online) The local density of states (DOS) of Ni
(panels a and b), Mn (panels c and d) on Mn sublattice, Mn (panels
e and f) on In sublattice; and In (panels g and h) of Ni;Mng¢Ing4 in
FM L2, (panels a, ¢, e and g) and AFM L1, (panels b, d, f, and h).
The vertical lines indicate the Fermi level.

spin-up DOS at around —0.06 Ry for the FM state splits for
the AFM state. Both the band-filling effect and the spliting of
the spin-up peak at —0.06 Ry make the AFM state more stable
than the FM one.

In Figs. 7(a) and 7(b), we note that the total DOS in the
ordered and disordered Ni,Mn; ¢Ing4 are not very different
from each other for the two phases, which may provide a good
explanation for the existence of the atomic disorder in the
alloy.

Figure 8 shows the local DOSs of Ni [(a) and (b)], Mny, [(c)
and (d)], Mny, [(e) and (f)], and In [(g) and (h)] of Ni;Mng ¢Ing 4
in FM L2; and AFM L 1, phases. In comparison, the resonance
between the minority electronic states of Ni and In around
the pseudogap is more significant than that between Mnyy, (or
Mny,) and In, especially in the AFM L1, phase, indicating that
the covalent bond is mainly formed due to the hybridization
between the minority electronic states of Ni and In. This is
understandable since Ni atom is the nearest neighbor whereas
Mny, and Mny, are the second- and third-nearest neighbors,
respectively, of In and, therefore, the interaction between Ni
and In is expected to be stronger than that between Mnyy, and
In as well as Mny, and In.

To explore the physics behind the composition-dependent
MPT, we compare the total DOS of both the FM L2; and the
AFM L1 phases of NipMn|,In;_, with x =0, 0.3, and 0.6
as shown in Fig. 9. For the FM L2, phase of each alloy, the
Fermi level is located at the antibonding states as shown by
a small peak (the upper bound of the pseudogap at around
—0.05) at the Fermi level, which decreases the stability of the
phase at low temperature. This small peak splits when the FM
L2, phase transforms to the AFM L1, phase, which locates
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FIG. 9. (Color online) The total density of states (DOS) of
(a) FM L2;- and (b) AFM L1¢p-NipMn;,In;_, (x = 0.0, 0.3, and
0.6). The vertical lines indicate the Fermi level.

the Fermi level of the AFM L1, phase right at the valley of the
pseudogap. This is so called Jahn-Teller splitting effect’ and
makes the AFM L1, phase more stable than the L2, phase at
low temperature.

For the FM L2; phase [Fig. 9(a)], the width of the
pseudogap around —0.05 Ry of the minority DOS increases
slightly with increasing x, indicating that the covalent bond
becomes slightly stronger and the stability of the L2; phase
increases accordingly. For the L1y phase [Fig. 9(b)], the
pseudogap moves up in energy with increasing x and the
Fermi level moves to the valley of the pseudogap, resulting
in less antibonding states occupied by electrons. Therefore,
the stability of the L1y phase increases with x as well. The
increasing 7, with x might be due to the fact that the stability
of the L1, phase increases faster than that of the L2, phase.

IV. SUMMARY

Using the first-principles EMTO-CPA method, we have
investigated the composition dependence of the lattice param-
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eters, crystal structure, elastic properties, magnetic moment,
and electronic structure of NipMn;i,In;_, (0 < x < 0.6)
alloys. The main results are summarized as follows:

(1) The Mn atoms on Mn sublattice (Mnyy,) are ferro-
magnetically coupled with the Mn atoms on In sublattice
(Mny,) for the L2 austenite, whereas for the L1, martensite
they are antiferromagnetically coupled, indicating that the
martensitic transition occurs with the accompanying FM-AFM
transition.

(2) The energy difference between the AFM L1, phase and
the FM L2, phase decreases linearly with increasing x. With
x smaller than 0.32, the FM L2; phase is more stable than
the AFM L1, phase, and, therefore, the MPT cannot occur.
With x larger than about 0.32, the FM L2, phase is less stable
than the AFM L1, phase such that the MPT is expected. The
theoretical critical composition x of about 0.32 for the MPT
is in good agreement with the experimental measurement.
The Mn-In disordering leads to decreasing stability of the
martensite relative to the austenite, which may depress the
MPT.

(3) With x smaller than about 0.32, C’ of the FM L2, phase
decreases slightly with increasing x. However, C’ remains
almost unchanged with further increasing x. The composition-
dependent C’ of the L2 phase alone may not account for the
variation of the MPT temperature against x for NipMn;,In;_,
alloy.

(4) The theoretical total magnetic moment of the L2, phase
with x < 0.32 is in good agreement with that determined by
experiments. The trend of the magnetic moment of the L1,
phase against x agrees well with the experimental finding but
with smaller absolute value due to the possible Mn-In atomic
disordering in the sample used in the experiments.

(5) The calculated electronic structure shows that the
covalent bonding between the minority spin states of atoms
plays an important role in both the magnetic and structural
stability.
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