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Electrical resistivity � and magnetoresistance of ferromagnetic Heusler alloys Ni2+xMn1−xGa have
been measured up to a magnetic field of 8 T and within a temperature range from 4.2 to 300 K. A
substantial jump in resistivity has been observed while the martensitic transformation takes place. A
large negative magnetoresistance ��8%� was obtained at room temperature due to a change of 8 T
magnetic field for the sample Ni2.208Mn0.737

I. INTRODUCTION

During the past few years, ferromagnetic shape memory
alloys based on the Heusler-type Ni–Mn–Ga have been stud-
ied extensively due to its large field-induced strain1,2 and
giant magnetocaloric effect �MCE�.3,4 There are also a very
few reports on the magnetoresistance �MR� studies of the
above alloys.5–7 Both stoichiometric and off-stoichiometric
compounds with composition close to Ni2MnGa undergo a
first-order structural transition from tetragonal martensite to
cubic austenite on heating and the reverse process on
cooling.8 Although a large change in entropy has been re-
ported for a particular composition of the Heusler alloys
where structural transition coincides with the magnetic tran-
sition at the Curie temperature,3,4 MR studies around the
same temperature of similar alloys have not been reported
yet. However Liu et al.9 observed a negative MR of �9% at
structural transformation temperature �TM� for ribbon shaped
quaternary Heusler alloy Ni50Mn8Fe17Ga25 due to a field
change of 5 T. Recently, Ingale et al.7 reported a maximum
negative MR of �6.5% near TC �283 K� and �2% around
TM of Ni55.2Mn18.1Ga26.7 at 7 T field. In contrast to this result,
Chen et al.10 observed maximum MR ��−3.5% at 3 T� at TM

for Ni54Fe19Ga27 single crystal alloy. So it is important to
study the MR at temperature where TM and TC coincide.

In our earlier work,11 we reported a large change in mag-
netic entropy for the alloy Ni2.208Mn0.737Ga in which
martensite-austenite structural �TM� and ferro-para magnetic
�TC� transition temperatures almost coincide with each other.
In the present work, we have studied the MR of nickel-rich
Ni–Mn–Ga Heusler alloys in which structural and magnetic
transition temperatures are wide apart as well as very close to
each other.

II. EXPERIMENTAL

The alloys were prepared by arc melting from high
purity metals with nominal composition of Ni2+xMn1−xGa

�x=0.16, 0.18, 0.20, 0.22, 0.24, and 0.26� and subsequent
annealing. The composition of the alloys obtained by chemi-
cal analysis �inductively coupled plasma-optical emission
spectroscopy �ICP-OES�� was slightly different from the
nominal composition. The detailed characterization and ac-
tual composition �as obtained by ICP-OES� of the samples
can be found in Ref. 11. The samples used in the present
study were taken from the section of the specimens used in
our previous MCE investigation and identified by their final
composition as obtained by ICP-OES analysis.11 From these
six samples we have chosen three samples for magnetotrans-
port study, two of them �Ni2.136Mn0.798Ga and Ni2.151

Mn0.771Ga� with structural and magnetic transition wide apart
and the one �Ni2.208Mn0.737Ga� with those transition tempera-
tures very close to each other. The electrical resistivity was
measured by standard four-probe technique with a sample
current of 100 mA. The sample temperature was varied from
4.2 to 300 K. The MR was calculated using the standard
expression �� /�0= ��H−�0� /�0, where �0 is the resistivity at
zero field.

III. RESULTS AND DISCUSSION

Figure 1 shows the resistivity ��� versus temperature �T�
data �both heating and cooling� for the samples Ni2.136

Mn0.798Ga, Ni2.151Mn0.771Ga, and Ni2.208Mn0.737Ga within 4
and 300 K in the absence and presence of 8 T field.
Intermartensitic/martensitic transitions can be identified by
discontinuous changes in resistivity. The corresponding M
versus T graphs at 100 Oe in Ref. 11 can also be used to
determine the structural and magnetic transition temperatures
of the samples.

A comparative study has been performed to check the
phase transitions observed from M versus T �Ref. 11� and �
versus T graphs �Fig. 1�. As a generic feature of shape
memory alloy, it undergoes a ferromagnetic transition �Ref.
11� at the Curie temperature TC�330 K with a sudden large
increase in magnetization upon cooling. On further cooling a
sharp downward jump occurs at a temperature of 260 Ka�Electronic mail: deba_phy@bose.res.in.

Ga, where martensite-austenite structural and ferro-para
magnetic transition temperatures almost coincide with each other.
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which corresponds to austenite to martensite phase transi-
tion, and again a discontinuous increase in magnetization at
185 K indicates the starting of intermartensitic phase transi-
tion. Similarly, in the resistivity curve we can see an upturn
at 263 K on cooling �Fig. 1�a�, curve C: 0 T� which corre-
sponds to the austenite-martensite transformation. A down-
turn in this resistivity curve at 185 K also indicates the in-
termartensitic transformation as evident from the M versus.
T graph. On subsequent heating, the similar transformations
are observed, but in reverse order with some hysteresis effect
�Fig. 1�a�, curve H: 0 T�. The discontinuous changes in re-
sistivity around martensitic transformation are due to the
changes in crystal symmetry during the transition which
leads to different density of states near Fermi level.

We fitted the � versus T data using least-squares fit pro-
gram with

��T� = �0 − A � T + BT2 �1�

in the low temperature region �4.2–70 K� and with

��T� = �0 + �1 + �mag �2�

in the high temperature region �up to �280 K�, where �0 is
the residual resistivity and �1 is the contribution of scattering
of conduction electron by lattice phonon, which is given by

�1 = A� T

�D
�n	

0

�D/T ZndZ

�eZ − 1��1 − e−Z�
,

where �D is the Debye temperature and n=3 �Bloch–Wilson�
for magnetic metals and alloys with large d-band density of
states giving rise to electron-phonon scattering involving s-d
transitions and �mag, originating from the exchange interac-
tion between the conduction electrons and localized mag-

netic electrons, well known as s-d interaction, which is pro-
portional to T2. The correlation coefficient 0.9999 indicates a
very good fitting. From the above fitting, it was revealed that
at lower temperatures, ��T� follows a combination of −�T
dependent term from electron-electron interaction and BT2

term due to s-d interaction and at higher temperature; ��T� is
interpreted in terms of electron-phonon and s-d interaction.

Isothermal MR curves at 300 K for the three samples
Ni2.136Mn0.798Ga, Ni2.151Mn0.771Ga, and Ni2.208Mn0.737Ga are
shown in Fig. 2. The last sample �Fig. 2�c��, where structural
and magnetic transitions almost coincide, shows maximum
MR ��8%�. To understand the magnetic behavior of
Ni2.208Mn0.737Ga �TM�Tc� at high field, the M versus T dur-
ing heating has been plotted in Fig. 3 in the presence of fields
up to 1 T. At low field the martensite to austenite transition
was accompanied by lower to higher magnetization, but at

FIG. 1. � vs T of �a� Ni2.136Mn0.798Ga, �b� Ni2.151Mn0.771Ga, and �c�
Ni2.208Mn0.737Ga during cooling in the absence �C: 0 T� and presence of a
field of 8 T �C: 8 T� and during heating in the absence �H: 0 T� and presence
of a field of 8 T �C: 8 T�.

FIG. 2. Isothermal MR curves of sample �a� Ni2.136Mn0.798Ga at 300 K, �b�
Ni2.151Mn0.771Ga at 300 K, and �c� Ni2.208Mn0.737Ga at 150, 285, and 300 K.

FIG. 3. Thermomagnetization curves of the sample Ni2.208Mn0.737Ga during
heating in the presence of various magnetic fields.



higher field the reverse situation is observed. A sharp de-
crease in magnetization near 300 K was observed at and
above a field of 0.4 T.

MR for Ni2.208Mn0.737Ga at 150 and 285 K is also shown
in Fig. 2�c� and is found to be a linear function of H. Well
below Tc the MR of stable ferromagnets with localized mo-
ments and high carrier concentration has been calculated by
Kataoka12 on the basis of s-d scattering, where s-conduction
electrons are scattered by localized d-spins. He showed a
linear variation in MR with field. Majumdar and
Littlewood13 derived analytical expressions for the scattering
rate in the magnetic systems in the Born approximation, and
finally applying the Ginzburg–Landau approximation estab-
lished an expression �� /�=C�M /Ms�2 near ferro-para tran-
sition at low H, where Ms is the saturation magnetization and
C is given by �n�−2/3, n is the number of charge carriers per
magnetic unit cell. So the nonlinearity can be explained by
the square term of the above expression.

Large MR in Heusler alloys has been explained on the
basis of s-d scattering and it was shown earlier6 that MR
increases when T is close to Tc. In our case �Fig. 2�c��, the
large MR is not only due to the magnetic fluctuation near TC.
During the martensitic phase transformation, electron redis-
tribution takes place between original parent phase and the
destination martensite phase due to Jahn–Teller effect.14 In
this phase transition the sample passes through many inter-
mediate phases, and in some intermediate state upon austen-
ite transformation, the redistribution of the electron may be
favorable for the scattering, which enhances the MR. Similar
behavior was observed by Liu et al.,9 and they found a maxi-
mum giant magnetoresistance during the martensitic trans-
formation. In Fig. 2�c�, �� /� at 285 K is higher than that at
150 K. As the spin disorder scattering increases with tem-
perature, the MR increases.

IV. CONCLUSIONS

Large MR and giant MCE can be observed in nickel-rich
Heusler Ni2+xMn1−xGa alloys where structural and magnetic
transitions almost coincide with each other.
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