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a b s t r a c t

Nickel rich Ni52Mn34Sn14 Heusler alloy was prepared by arc melting and subsequent homogenization by
annealing. Existence of first order magneto-structural transition (FOMST) was confirmed by various
measurements. In comparison to conventional Ni50�xMn36þxSn14 alloys, a larger magnetic entropy
change (ΔSME8 J/kg K using Maxwell's thermodynamic equation and ΔSME18 J/kg K using Clasius–
Clapeyron equation) and large negative magnetoresistance (MRE�30%) were observed in the vicinity of
martensitic transition temperature due to a change of 3 T and 8 T magnetic fields respectively. Effect of
excess Ni content was discussed by considering other nearer compositions as reported by other
researchers. Irreversibility in FOMST due to kinetic arrest was also studied from MR vs magnetic fields
curves taken at a single temperature in two different initial phases. The exchange bias behavior in this
alloy was studied by various magnetic measurements.

1. Introduction

Study of ferromagnetic shape memory alloys (FSMA) have
attracted immense attention during last decade due to their multi-
functional properties such as magnetic shape memory effect [1],
large magnetocaloric effect (MCE) [2,3], giant magnetoresistance
[4,5], etc. The alloys with composition Gd–Si–Ge, Ni–Mn–Z (Z¼Ga,
Al, In, Sn, Sb), La–Fe–Si and Mn–Fe–P–As are very useful in this field
of study [1–8]. Among the FSMAs, off-stoichiometric composition of
Ni–Mn–Z (Z¼Ga, In, Sn, Sb) Heusler alloys are the most studied
magnetocaloric materials as they show large magnetic entropy
change due to magnetic and magneto-structural transitions [9].
In addition to large inverse MCE some of these alloys show large MR
near the structural transition temperature on application of high
magnetic field [10].

It is remarkable that most of the functional properties of these
alloys are associated with the magneto-structural transition from
high temperature austenite to energetically favorable low tem-
perature martensite phase [1–5]. The structural instability asso-
ciated with the field-induced first order structural transition in
these alloys can be tuned by varying composition or by substituting
suitable atoms in the place of Ni, Mn or Z atoms. In stoichiometric

Heusler structure, Ni atoms occupy the octahedral (0, 0, 0) and (1/2,
1/2, 1/2) sites. Mn and Sn atoms occupy the (1/4, 1/4, 1/4) and
(3/4, 3/4, 3/4) tetrahedral sites respectively [11]. In case of off-
stoichiometric Mn rich Heusler alloys, excess Mn atoms occupy the
regular Ni, Sn or both Ni and Sn sites depending on the composi-
tions. These excess Mn atoms in the Ni sites behave ferromagneti-
cally, which lowers the martensitic transition temperature (TM), but
Mn atoms in the Sn sites couple antiferromagnetically to the nearest
Mn atoms in the regular Mn sites. This in turn shifts the structural
transition to the higher temperatures. As the slope of the structural
transition becomes sharper, MCE and magnetoresistance increase
abruptly. Till to date many work on magnetocaloric effect, magne-
toresistance and exchange bias by varying Ni/Mn, Ni/Z or Mn/Z
concentrations have been done by many researchers [2–5]. On the
other hand there are many reports in the literature where partial
substitution of Co in Ni site and Ga, Si or Ge in Z site enhanced the
magnetic entropy change (ΔSM) to giant values in Ni–Mn–Z alloys
[12]. Maximum ΔSM in substituted Ni–Mn–In, Ni–Mn–Sb and Ni–
Mn–Sn alloys was reported 124 J/kg.K, 70 J/kg K and 35 J/kg K
respectively under 5 T magnetic fields [13]. Giant magnetoresistance
about 80% in the vicinity of magneto-structural transition has also
been observed in many Heusler alloys [14]. All these alloys exhibit
more or less thermal hysteresis, which corresponds to energy
consumption.

Large exchange bias (EB) behavior can be seen in these alloys
in low temperature martensite phase. Depending on the
nature of magnetic domains, ferro-antiferro (FM–AFM) or super
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para–antiferro (SPM-AFM) coupling occurs below Neel tempera-
ture (TN). Field cooled (FC) protocol are used to observe sponta-
neous EB, but recent studies proposed that large EB can also be
obtained under zero field cooled (ZFC) condition, from an unmag-
netized state of the samples [15,16].

Recently the off-stoichiometric Ni–Mn–Z alloys (near to
Ni52Mn48�xZx) have attracted special attention due to their poten-
tial for technical applications such as magnetic refrigeration,
magnetic sensor etc. It is reported that in Ni52Mn31.5In16.5 alloy
the lower Mn atoms in the In atom sites weaken the total AFM
interaction, which enhance the entropy change [17]. Whereas for
the composition Ni50Mn36.5In13.5, the change of entropy is lower
compare to previous one because of paramagnetic martensitic to
paramagnetic austenite phase transition [18]. Some researchers
have reported large magnetic entropy change and small thermal
hysteresis on the Heusler alloys where the component of Ni is
larger than 50 at%, such as Ni51Mn49�xInx [19]. The excess Ni
increases the ferromagnetic exchange interaction in these systems
and can thus change magnetic and magneto-transport properties
of these alloys to a significant extent [17,19]. Therefore, it might be
desirable to study Ni-rich Ni–Mn–Sn alloys also.

In our earlier work we have studied magnetocaloric and
magneto-transport properties of Ni–Mn–Ga alloys [4,9]. Here we
report a large inverse magnetocaloric effect (IMCE) and large
negative MR in nickel rich Ni52Mn34Sn14 Heusler alloy in the
vicinity of its magneto-structural transition. The quantitative
values of IMCE and MR are quite higher than the conventional
Ni50Mn36Sn14 alloy. Existence of kinetic arrest and EB are also
investigated for this alloy.

2. Experimental procedure

The Ni52Mn34Sn14 alloy was prepared by conventional arc
melting technique in a 4 N purity Argon atmosphere. The obtained
ingot was wrapped with a Ta foil and homogenized in a highly
evacuated sealed quartz ampoule at 1173 K. After 24 h of annealing,
the ampoule was quenched in ice water. The nominal composition
was checked by energy-dispersive spectroscopy (EDS). To charac-
terize the crystallographic phase of the sample X-ray diffraction
pattern was carried out using CuKα radiation as depicted in Fig. 1.
At room temperature the sample was found to be completely cubic-
austenite phase with lattice parameter 0.59762 nm. The structural
transition temperatures were estimated from differential scanning
calorimetry (DSC) measurement. Magnetic measurements were

performed using a superconducting quantum interference device
(SQUID) magnetometer up to 5 T magnetic fields. Magneto-
transport measurements were done using standard four-probe
techniques in a physical properties measurement system (PPMS)
up to 14 T magnetic fields.

3. Results and discussion

3.1. DSC results and thermomagnetic curves in ZFC condition

The inset of Fig. 2 shows the DSC curves during heating and
cooling. The sample undergoes martensite-austenite structural
transition near 220 K on heating and reverse transition on cooling
near 205 K along with ferro-para magnetic transition at TC¼305 K.
Magnetization of Ni52Mn34Sn14 alloy as a function of temperature
was measured from 4 K to 300 K for both heating and cooling in
ZFC condition in the presence of 0.01 T magnetic field and plotted
in Fig. 2.M vs T curves within the temperature from 200 K to 250 K
ensure the existence of martensitic transition as seen from DSC
curves. The width of the transition is 15 K. The martensite to
austenite transition starts at As¼220 K and ends at Af¼235 K. The
reverse transition begins at Ms¼220 K and ends at Mf¼205 K. The
temperature of austenitic transition is given by, TA¼(AsþAf)/2¼
227.5 K and for martensitic transition, TM¼(MsþMf)/2¼212.5 K.
As our measurements were performed within the temperature
from 4 K to 300 K, we could not found the TC from M vs T data.

The martensite–austenite transition temperature of our sample
is much lower than the reported value of Ni50Mn36Sn14 alloy [20].
This is due to the addition of extra Ni atoms in the regular Mn
sites. In off-stoichiometric Heusler structure the Mn atoms in
regular Mn site interact anti-ferromagnetically with the excess Mn
atoms in the Sn site. This AFM interaction stabilizes the martensite
phase to a higher temperature. It is well known that Ni, Co or Fe
substitution in Mn site enhances the ferromagnetic exchange
interaction and diminishes antiferromagnetic coupling between
Mn atoms in regular Mn sites and Mn atoms in Sn sites in the
martensite phase, which in turns decreases the TM. This supports
the lower value of martensite-austenite transition temperature in
our sample with respect to Ni50Mn36Sn14 alloy. However it is
believed that the martensitic transition depends on the valance
electron concentration (e/a), but recent reports showed that it
actually depends on the hybridization of 3d states of Ni and Mn.
Ye et. al. [21] suggested for Ni2Mn1þxSn1�x alloys that a strong
hybridization exists between Ni 3d states and 3d states of Mn at
the non-magnetic Sn site. It is demonstrated that after the

Fig. 1. Powder X-ray diffraction pattern of Ni52Mn34Sn14 alloy at room temperature.
Fig. 2. Thermomagnetic curves in ZFC condition under 100 Oe magnetic fields and
DSC curves (inset) for Ni52Mn34Sn14 alloy.



establishment of hybridization, any change in Ni or Mn content is
responsible for weakening of the hybridization [22]. This is
responsible for the decrease of TM.

3.2. Magnetocaloric effect

The magnetization vs temperature curves from 200 K to 250 K
at different magnetic fields of 1, 2, 3, 4, and 5 T are shown in Fig. 3.
All the magnetic iso-field curves are similar in nature. As we go
towards the higher field curves, the transition point shifts to the
lower temperatures. Decrease in the transition point with increas-
ing magnetic fields indicates the occurrence of field-induced first
order magneto-structural transition (FOMST). The shift in transi-
tion per applied fields was estimated as ΔT/ΔHE1 K/T. The
magnetic isotherms (M vs H) of the sample up to a field of 3 T
taken at 3 K intervals within the temperature range of 217 K to
235 K are shown in Fig. 4. First the sample was cooled to 100 K
without application of any fields and then heated to 217 K to take M
vs H data. The hysteresis behavior observed within the tempera-
tures from 223 K to 232 K. The thermal hysteresis due to structural
transition coupled with the magnetic domains of the sample. This is
responsible for this type of hysteretic nature. Large ΔSME8J/kg K
obtained at 225 K (very close to TM) using the Maxwell's

thermodynamic equation under the applied magnetic fields of 3 T.
This change is larger than the conventional Ni50�xMn36þxSn14

alloys [20].
Difference in saturation magnetizations between martensitic

and austenite phase (ΔM¼MMartensitic�MAustenite) is also increased
with increasing Ni content. A large difference in saturation
magnetization between two successive magnetic isotherms can
be seen in Fig. 4. This gives rise to a larger inverse magnetocaloric
effect in Ni52Mn34Sn14 with respect to Ni50�xMn36þxSn14 alloys.
Excess Ni atoms increase the ferromagnetic exchange interaction
(Ni–Mn and Mn–Mn ferromagnetic interaction) at both the struc-
tural phases. The Mn-excess and Mn atoms interact ferromagne-
tically at the austenite phase and antiferromagnetically at the
martensite phase [23,24], which probably makes a large difference
in saturation magnetization (ΔM) between the two phases.
As we know that the Maxwell's thermodynamic equation for
magnetic entropy change is not exactly valid for first order phase
transition, we have also estimated the ΔSM from Clasius–Cla-
peyron equation (Eq. (1)) [12].

ΔH
ΔT

¼ �ΔSM
ΔM

ð1Þ

A much higher value of ΔSM (E18 J/kg K) was derived with
ΔH/ΔTE1 TK�1 and ΔM E18 emu g�1 at H¼3 T using Fig. 3.

3.3. Exchange bias behavior

Fig. 5 shows the magnetic hysteresis loops of the sample in low
temperatures. Targeted temperatures were obtained under ZFC
from an unmagnetized state of the sample. A shift in hysteresis
loop along the negative field axis can be observed at 4 K and 20 K
from this figure. At 50 K no such shift is visible. This confirms that
the sample has EB behavior in very low temperature. The signa-
ture of EB is also observed from M–T curves of Fig. 2. The heating
and cooling curves (Fig. 2) at low temperatures split and exhibit a
step like behavior in the ZFC curve, which indicates the existence
of exchange bias blocking temperature (TEB) at �65 K. An FM
unidirectional anisotropy is formed at the interface between FM
and AFM domains, which originates EB. Usually, this anisotropy is
obtained by field cooled cooling (FCC), but supporting to the
recent studies, we got EB under ZFC. It is proposed that the
anisotropy can be obtained isothermally during the initial magne-
tization process [16,25]. Depending on the sign (positive or
negative) of initial magnetization, hysteresis loops shift along
negative or positive direction of field axis. Fig. 6 shows the
temperature evolution of EB field (HEB) and coercive field (HC).
The HEB obtained at 4 K is 331 Oe. With the increase of

Fig. 3. ZFC thermomagnetic curves for Ni52Mn34Sn14 alloy in the presence of 1, 2, 3, 4
and 5 T magnetic fields.

Fig. 4. Magnetic isotherms for Ni52Mn34Sn14 alloy from 217 K to 235 K at the
interval of 3 K. Inset: Magnetic entropy change vs temperature curves for 1, 2 and
3 T applied magnetic fields. Fig. 5. Magnetic hysteresis loops of Ni52Mn34Sn14 alloy in low temperatures.



temperature, HEB decreases and falls to zero below TB. Initially, HC

increases with temperature and starts to decrease where HEB is
blocked.

3.4. Resistivity and magnetoresistance

Fig. 7 shows the electrical resistivity within the temperature
from 100 K to 300 K in the presence of 0 and 8 T magnetic fields.
Nearly 30% drop in resistivity observed due to the structural phase
change. It can be seen from this curves that the parameters for
martensitic transition are very similar to the values we have from
DSC and M vs T curves. The shift in TM due to FOMST is found
about 8 K under 8 T magnetic field, which agrees with the
magnetic measurements data. MR as a function of temperature
is plotted in the inset of Fig. 7. We used the formula as MR¼
(ρH�ρ0)�100/ρ0% where, ρ0 is the zero field resistivity and ρH is
the resistivity in the presence of magnetic fields. A large magne-
toresistance (MR) of �30% with hysteresis was observed at 222 K
and 206 K during heating and cooling respectively. Excess nickel
gave extra ordering to the crystal structure in austenite phase. This is
responsible for its larger MR value than Ni50Mn36Sn14 Heusler alloy
[26]. MR vs H curves in full martensite and full austenite phase are
plotted in Fig. 8. MR in both phases increase with temperature, but
austenite phase has larger MR than martensite phase. Considering

magneto-structural properties of martensite and austenite phases, a
twinning occurs in less ordered martensite phase to reduce crystal
strain. Any change in magnetization in martensite phase originates
from the motion of twin boundary and FM-AFM coupled domain
walls. On the other hand, magnetization in more ordered austenite
phase depends on the motion of pure FM domain walls. It is easier
to increase electrical conductivity in austenite phase by the applica-
tion of magnetic field. This explains the reason of higher MR values
in austenite phase than martensite phase.

The signature of the field induced FOMST is also observed from
the MR vs H isotherms. The resistivity (ρ) vs magnetic field at
219 K was measured using two initial conditions (Fig. 9). Firstly we
cooled the sample to 219 K from 300 K without undershooting the
target temperature and then preformed a ρ–H measurement
(Protocol: 0-14 T-0-�14 T-0). After this the sample was
cooled to 100 K and heated back to 219 K without overshooting
the target temperature and then performed another ρ–Hmeasure-
ment using the same protocol. For the first case, the sample was
initially in the austenite phase and continued that phase during
the measurement. Therefore, a very small value of MR (��4%) is
observed in the MR vs H curve which is marked as ‘A’ in Fig. 9
(through the path ‘oa’–‘ao’–‘ob’–‘bo’). But, in the later case (curve B),

Fig. 6. Exchange bias field and coercive field as a function of temperature.

Fig. 7. Resistivity as a function of temperature under 0 T and 8 T magnetic fields.
Inset: Magnetoresistance vs temperature curves under 8 T magnetic fields.

Fig. 8. Isothermal magnetoresistance as a function of magnetic fields at different
temperatures.

Fig. 9. Magnetoresistance as a function of magnetic fields at 219 K (Curve A: cooled
from 300 K and Curve B: heated from 100 K).



the sample was in martensite phase (at the initial state marked by ‘o'
in the Fig. 9) and transformed from that phase to the austenite phase
(a sharp decrease in MR along the path ‘op’ in B) with increasing
fields and retained that phase after the removal of magnetic field
and subsequent field cycling (along the path ‘pq’, ‘qr’ and ‘rq’ in
curve B). The only way to get back to the initial phase (martensite
phase) is to cool the sample below its Mf. Here the sample got
kinetically arrested and remained in the arrested austenite phase,
which is responsible for the irreversibility in FOMST [10]. Since the
ferromagnetic austenite phase is magnetically favorable, the applica-
tion of high field induces the transition easily from martensite to
austenite phase and does not return to its parent phase during
further field cycling. Therefore, the ferromagnetic austenite phase
might play some role for the observed kinetic arrest. Some Ni–Mn–
Sn Heusler alloys shows a field-induced arrested state in a quite
analogs manner in the ρ(H) isotherms as reported earlier [27,28].

4. Conclusion

We have discussed the effect of excess nickel in nickel rich
Ni52Mn34Sn14 Heusler alloy in comparison to other nearer
reported compositions having Ni at 50 at%. It showed larger IMCE
and also larger negative MR than conventional Ni50Mn36Sn14 alloy
in the vicinity of FOMST. Existence of kinetic arrest has been
explained. Sample possesses exchange bias behavior. These alloys
can be studied in a large scale because of their enhanced
ferromagnetic exchange interaction due to addition of excess
nickel. A suitable substitution in Ni, Mn or Z site can show a giant
inverse magnetocaloric effect and giant magnetoresistance with
a fine tuning in FOMST, which may be used in the magnetic
refrigerators, sensors, actuators, etc.

Acknowledgments

This work was supported by DRDO, India under the project
ERIPR/ER/0902182/M/01/1296. We are very much thankful to
Dr. D. Das of UGC-DAE Consortium for Scientific Research, Kolkata,
for giving experimental facilities in magnetic and magneto-
transport properties measurements. Partial support from UGC,
Govt. of India (MRP No. PSW-155/11-12) is also acknowledged.

References

[1] R. Kainuma, Y. Imano, W. Ito, Y. Sutou, H. Morito, S. Okamoto, O. Kitakami,
K. Oikawa, A. Fujita, T. Kanomata, K. Ishida, Nature (London) 439 (2006) 957.

[2] T. Krenke, E. Duman, M. Acet, E.F. Wassermann, X. Moya, L. Manosa, A. Planes,
Nat. Mater. 4 (2005) 450.

[3] N.V.R. Rao, R. Gopalan, V. Chandrasekaran, K.G. Suresh, Appl. Phys. A 99 (2010)
265.

[4] D. Pal, K. Mandal, J. Phys. D Appl. Phys 43 (2010) 455002.
[5] R. Sahoo, A.K. Nayak, K.G. Suresh, A.K. Nigam, J. Magn. Magn. Mater. 324 (2012)

1267.
[6] V.K. Pecharsky, K.A. Gschneidner , Phys. Rev. Lett. 78 (1997) 4494.
[7] F. Hu, B. Shen, J. Sun, Z. Cheng, G. Rao, X. Zhang, Appl. Phys. Lett. 78 (2001)

3675.
[8] N.H. Dung, L. Zhang, Z.Q. Ou, E. Brück, Scr. Mater. 67 (2012) 975.
[9] K. Mandal, D. Pal, N. Scheerbaum, J. Lyubina, O. Gutfleisch, IEEE Trans. Magn.

44 (2008) 2993.
[10] V.K. Sharma, M.K. Chattopadhyay, K.H. Shaeb, A. Chouhan, S.B. Roy, Appl. Phys.

Lett. 89 (2006) 222509.
[11] A. Ayuela, J. Enkovaara, K. Ullakko, R.M. Nieminen, J. Phys. Condens. Matter 11

(1999) 2017.
[12] M. Pasquale, C.P. Sasso, L.H. Lewis, L. Giudici, T. Lograsso, D. Schlagel, Phys. Rev.

B 72 (2005) 094435.
[13] R. Sahoo, A.K. Nayak, K.G. Suresh, A.K. Nigam, J. Appl. Phys. 109 (2011) 07A921.
[14] S.Y. Yu, Z.H. Liu, G.D. Liu, J.L. Chen, Z.X. Cao, G.H. Wu, B. Zhang, X.X. Zhang,

Appl. Phys. Lett. 89 (2006) 162503.
[15] M. Khan, I. Dubenko, S. Stadler, N. Ali, J. Appl. Phys. 102 (2007) 113914.
[16] B.M. Wang, Y. Liu, P. Ren, B. Xia, K.B. Ruan, J.B. Yi, J. Ding, X.G. Li, L. Wang, Phys.

Rev. Lett. 106 (2011) 077203.
[17] F.S. Liu, Q.B. Wang, W.Q. Ao, Y.J. Yu, L.C. Pan, J.Q. Li, J. Magn. Magn. Mater. 324

(2012) 514.
[18] A.K. Pathak, I. Dubenko1, C. Pueblo1, S. Stadler, N. Ali, Appl. Phys. Lett. 96

(2010) 172503.
[19] F.X. Hu, J. Wang, J. Shen, B. Gao, J.R. Sun, B.G. Shen, J. Appl. Phys. 105 (2009)

07A940.
[20] E.C. Passamani, F. Xavier, E. Favre-Nicolin, C. Larica, A.Y. Takeuchi, I.L. Castro, J.

R. Proveti, J. Appl. Phys. 105 (2009) 033919.
[21] M. Ye, A. Kimura, Y. Miura, M. Shirai, Y.T. Cui, K. Shimada, H. Namatame,

M. Taniguchi, S. Ueda, K. Kobayashi, R. Kainuma, T. Shishido, K. Fukushima,
T. Kanomata, Phys. Rev. Lett. 104 (2010) 176401.

[22] M. Khan, J. Jung, S.S. Stoyko, A. Mar, A. Quetz, T. Samanta, I. Dubenko, N. Ali,
S. Stadler, K.H. Chow1, Appl. Phys. Lett. 100 (2012) 172403.

[23] A. Ghosh, K. Mandal, J. Phys. D Appl. Phys. 46 (2013) 435001.
[24] S. Aksoy, M. Acet, P.P. Deen, L. Manosa, A. Planes, Phys. Rev. B 79 (2009)

212401.
[25] B.M. Wang, Y. Liu, B. Xia, P. Ren, L. Wang, J. Appl. Phys. 111 (2012) 043912.
[26] S. Singh, C. Biswas, Appl. Phys. Lett. 98 (2011) 212101.
[27] S. Chatterjee, S. Giri, S. Majumdar, S.K. De, Phys. Rev. B 77 (2008) 012404.
[28] A. Ghosh, K. Mandal, Eur. Phys. J. B 86 (2013) 378.

http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref1
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref1
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref2
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref2
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref3
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref3
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref4
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref5
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref5
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref6
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref7
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref7
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref8
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref9
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref9
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref10
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref10
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref12
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref12
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref13
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref15
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref16
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref16
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref17
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref17
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref18
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref18
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref19
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref19
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref20
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref20
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref21
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref21
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref21
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref22
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref22
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref23
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref24
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref24
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref26
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref27
http://refhub.elsevier.com/S0304-8853(14)00135-8/sbref28

	Large inverse magnetocaloric effect and magnetoresistance in nickel rich Ni52Mn34Sn14 Heusler alloy
	Introduction
	Experimental procedure
	Results and discussion
	DSC results and thermomagnetic curves in ZFC condition
	Magnetocaloric effect
	Exchange bias behavior
	Resistivity and magnetoresistance

	Conclusion
	Acknowledgments
	References




