
Vol. 131 (2017) ACTA PHYSICA POLONICA A No. 4

Proceedings of the 16th Czech and Slovak Conference on Magnetism, Košice, Slovakia, June 13–17, 2016

Spin Disordered Resistivity
of the Heusler Ni2MnGa-based Alloys
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Electrical resistivity of the selected Heusler off-stoichiometric (NiCo)2Mn(GaIn) alloys was studied in a wide
range of temperature and magnetic field. A step-like change of resistivity (∆ρ ≈ 24 µΩcm) was detected in the off-
stoichiometric Ni1.85Mn1.21Ga0.94 alloy at temperature of martensitic structural transition. This ∆ρ is much more
significant than one in the stoichiometric Ni2MnGa alloy. In the case of the off-stoichiometric (NiCo)2Mn(GaIn)
alloys, an enormous change of resistivity, ∆ρ ≈ 200 µΩcm, accompanies the structural transition. Simultaneously,
the maximum of the spin disordered resistivity ρsd(T ) of austenite phase of the alloys is slightly dependent on
composition of the alloy and vary from ≈ 30 µΩcm up to ≈ 45 µΩcm, in good agreement with theoretical calcu-
lations. Due to high sensitivity of the structural transition temperature of the alloys to magnetic field, the very
pronounced magnetoresistance effects have been observed in the studied alloys.
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1. Introduction
The ferromagnetic Heusler alloys have drawn atten-

tion for a long time due to their pronounced multifunc-
tional properties [1]. The shape-memory effect as well as
the magneto- and barocaloric effects [2, 3] and magne-
totransport properties [4] of the Ni2MnGa-based alloys
originate from a structural martensitic transition from
low-temperature (low structural symmetry) martensite
(M) to high-temperature (cubic) austenite (A). To opti-
mize properties of the alloys from the point of view of
their potential applications, many types of substitutions
and off-stoichiometry were tested. An excess of Mn at
the expense of Ga leads to a strong decrease of magne-
tization of martensite and the appearance of a so-called
“paramagnetic gap” in a temperature range below the
martensitic M–A transition. Magnetization obeys the
Curie–Weiss law with reasonable values of effective para-
magnetic moments (≈ 5.2 µB/f.u.), but the Curie tem-
perature of martensite TM

C (≈ 200 K) is almost insensi-
tive to composition of the Mn-rich alloys and to external
pressure or magnetic field [3]. An arrangement of mag-
netic moments below TM

C has not been unambiguously
described up to now. On the other hand, antiferromag-
netic interaction between moments of Mn-atoms that are
placed at regular Mn-sites and Ga-sites of the crystal lat-
tice is accepted generally [5].

We have selected three Mn-rich Ni2MnGa-based alloys
to study a relation between their magnetotransport and
magnetic properties. The temperature dependence of
magnetization of the selected alloys, measured in mag-
netic field of 1 T, is presented in Fig. 1 in relative units
with respect to saturated magnetization of the stoichio-
metric Ni2MnGa alloy (3.62 µB/f.u. at 5 K). As a con-
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sequence of a high sensitivity of magnetization of the
martensite phase to composition of the alloys, an in-
creasing content of Mn-, Co- and In-atoms leads to a sig-
nificant increase of magnetization at the transition from
martensite to austenite, see Fig. 1.

Fig. 1. Temperature dependence of magnetization of
the selected alloys with respect to M(5 K) of the
Ni2MnGa alloy.

Temperature dependence of total electrical resistiv-
ity of ferromagnetic metals can be described by three
terms [6]:

ρ(T ) = ρ0 + ρph + ρsd, (1)
where ρph ∼ AT and ρsd ∼ BT 2. The terms correspond
to residual resistivity at 0 K (ρ0), resistivity due to the
electron–phonon scattering (ρph), and magnetic part of
resistivity due to spin-disorder scattering (ρsd), respec-
tively. The last one reaches the maximum at the Curie
temperature TC and remains constant in the paramag-
netic state. Resistivity of the stoichiometric T2MnX al-
loys (T = transition metal, X = sp metal) was reliably
fitted by the relation (1) [6] and recently the spin-disorder
resistivity of the alloys was calculated from first prin-

(1072)

http://doi.org/10.12693/APhysPolA.131.1072
mailto:kamarad@fzu.cz


Spin Disordered Resistivity of the Heusler Ni2MnGa-based Alloys 1073

ciples (based on the disordered-local-moment approach)
in agreement with the experimental results [7]. In the
stoichiometric Ni2MnGa alloys only a small change of
resistivity was observed at temperature of M−A tran-
sition, TM−A [4]. But a pronounced change of electric
resistivity of the off-stoichiometric and doped alloys was
observed in the temperature range around TM−A in the
Ni2(MnCr)Ga alloys [8]. In this paper we describe and
discuss a correlation of the resistivity changes with the
magnetic behavior of the alloys.

2. Experimental details

Polycrystalline samples of the
Ni1.95Mn1.15Ga0.86, Ni1.79Co0.19Mn1.29Ga0.73 and
Ni1.66Co0.37Mn1.28Ga0.56In0.13 alloys were prepared
by arc melting and described in details elsewhere [3].
A SQUID magnetometer (Quantum Design Co.) and
a superconducting magnet up to 4.5 T with a LN2

cryostat were used for the magnetization and electrical
resistivity measurements, respectively. The four point
AC resistivity measurement (f = 311.1 Hz, I = 1 mA)
was performed by using a SR830 Lock-in amplifier.

3. Results

In contrast to the stoichiometric alloys, the Mn-rich
Ni1.95Mn1.15Ga0.86 alloy exhibits significant decrease of
ρ(T ) at TM−A (24 µΩcm) mainly due to a different
temperature dependence of resistivity in martensite and
austenite phases, see Fig. 2, and a high value of ρM0 =
60 µΩcm of martensite compared with ρA0 = 42 µΩcm
of austenite. The linear part of ρ(T ) of austenite
was roughly fitted from the ρ(T ) curve above TA

C with
AA = 10.5 × 10−2 µΩcm/K. The determined value of
ρmax
sd (TA

C ) = 32 µΩcm (see Fig. 2) well agrees with the-
oretical data. A fit of the martensite part of ρ(T ) pro-
vided ρM0 (shown above) and constants AM = 10.2 ×
10−2 µΩcm/K and BM = 2.2× 10−4 µΩcm/K2 that can
be well compared with data in literature and with the
constant BA (2.3 × 10−4 µΩcm/K2) of austenite phase
that was determined by a simple relation ρmax

sd (TA
C ) =

Fig. 2. Temperature dependence of resistivity of the
Mn-rich alloy with fits (lines) by linear and quadratic
polynomials.

Fig. 3. Temperature dependence of resistivity of Co-
doped alloy with fits (lines) by linear and quadratic
polynomials.

BA(TA
C )2. In the case of this alloy, a decrease of ∆ρ at

TM−A is accompanied by a small decrease of magnetiza-
tion, see Fig. 1.

The decrease of resistivity at TM−A is much more vis-
ible in the Mn-rich Co-doped alloy where ∆ρ(TM−A) =
40 µΩcm while magnetization of the alloy increases,
see Fig. 1. Figure 3 shows a different behavior of
ρ(T ) at martensitic phases. In austenite, AA = 8.4 ×
10−2 µΩcm/K was estimated by a linear fit of ρ(T )
at T > TA

C and BA = 2.4 × 10−4 µΩcm/K2 is sim-
ilar to one of the Co-free alloy. While in martensite,
the high value of ρM0 = 101 µΩcm, a very low, more-
over negative, value of AM = −8.4× 10−3 µΩcm/K and
BM = 2.2 × 10−4 µΩcm/K2 were estimated by a fit ac-
cording to relation (1).

The extreme decrease of resistivity ρ(T ) at tempera-
ture TM−A, ∆ρ(TM−A) = 170 µΩcm, in the Co- and
In-doped alloy is accompanied by high increase of mag-
netization on heating, see Fig. 4 and Fig. 1. However,
no significant change of ρ(T ) was observed at tempera-
ture TM

C where magnetization of the alloy exhibits a clear
decrease into “paramagnetic gap”, see Fig. 1. The tan-

Fig. 4. Temperature dependence of resistivity of the
Mn-rich, Co- and In-doped alloy at different magnetic
field.
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Fig. 5. Temperature dependence of MR effect in the
Mn-rich Co- and In-doped alloy at field of 1 T and 4 T.

gent of ρ(T ) changes only its sign at TM
C and resistivity

of martensite decreases at “paramagnetic gap” with in-
crease of temperature. It is clear that ρ(T ) cannot be
fitted by the simple relation (1) in this case.

The structural transition of the Co- and In-doped alloy
is strongly sensitive to external magnetic field, in the case
of the studied alloy dTA−M/dH = −7.4 K/T. In conse-
quence of this shift of TM−A or TA−M with field, very pro-
nounced magnetoresistance (MR) effect takes place in a
wide temperature range across TM−A. Figure 5 presents
temperature dependence of MR at fields of 1 T and 4 T
derived from ρ(T )|H curves and verified by ρ(H)|T mea-
surements.

4. Discussion and conclusions

The measurement of resistivity clearly confirms the
very weak dependence of the electric (as well as magnetic)
properties to the composition of the austenite phase of
alloys with the cubic crystal structure. Temperature de-
pendence of resistivity of austenite obeys relation (1) sat-
isfactorily albeit this could be verified in a narrow tem-
perature range. The constants A and B do not reflect
any significant dependence of electron–phonon or spin-
disorder scattering in the cubic phase on composition of
the alloys and the spin-disordered resistivity ρmax

sd (TA
C )

increases proportionally to an increase of (TA
C )2 only.

Martensitic transition leads to a lower symmetry of
crystal structure of the alloys (tetragonal, orthorhom-
bic, monoclinic), but the outstanding changes in ρ(T )
of martensite cannot be ascribed exclusively to the de-
crease of crystal symmetry. One of the arguments sup-
porting this statement can be ρ(T ) of the stoichiometric
Ni2MnGa alloy that shows just a very small change of
resistivity while crystal symmetry is changing from cubic
to orthorhombic.

The dominant feature of the resistivity of martensite
is the increase of ρM0 with increasing content of Mn, Co
and In in the alloys. However, ρM0 as determined by a
fit according to relation (1) cannot be considered to be
“residual resistivity” due to its strong composition, mag-
netic field and temperature dependence. Assuming one
residual resistivity for both the phases, ρM0 could be more

precisely described as ρM0 (T,H) ≈ ρA0 +ρM (T,H), where
the last term overcomes the spin-disordered scattering in
the Mn-rich and doped alloys. It has also to be consid-
ered that in the case of the Mn-rich Co-free alloy the
constant A is almost identical in both phases.

A very similar problem of a significant resistivity dif-
ference has been solved in the case of two magnetic
phases (without a crystal lattice change) of the UNiGa
intermetallics [9]. The most efficient model of this phe-
nomenon was based on a change in the electronic struc-
ture that is induced by a presence of antiferromagnetic
stacking of ferromagnetic layers in UNiGa at low temper-
atures. In contrast to ferromagnetic state, the changed
electronic structure restricts a participation of a part of
d-electrons on conductivity at low temperatures [10].

The weak sensitivity of the scattering mechanisms to a
composition of the alloys in the austenite phase suggests
that the huge changes of ρ(T ) observed in martensite
cannot be ascribed explicitly to compositional variations.
The decrease of resistivity of martensite at temperatures
above TM

C and its strong dependence on magnetic field
in the Mn-rich Co- and In-doped alloy point to a sce-
nario with a temperature or field excitation of electrons
over a restrictive gap in a complex electronic structure
of martensite phase of the Mn-rich Co- and In-doped
Ni2MnGa alloy. The electronic structure of the austen-
ite phase of the alloy with the cubic crystal structure is
probably so rigid that such scenario cannot play a role.
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