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Fig. 1. (color online) XRD patterns for MnsoNig1—g

SngCu, (z =0, 1, 3, 5) alloys at room temperature.
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Fig. 2.

(color online) Temperature dependence of the real part of the ac susceptibility (x’) for

MnsoNig1—zSngCu, (z =0, 1, 3, 5) alloys measured at different frequencies.
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Fig. 3. (color online) Cu content dependence of
martensitic transformation temperature (7i,), Curie
temperature (T¢) and spin glass freezing temperature
(T¥) of MnsoNisg1—5SngCu,s (xz =0, 1, 3, 5) alloys.

dNivn BOK Ni-Mn 28 468k 55, FF H Ni-Mn 2% 46 %
Ton B 52 1 € 28 #£ Ni-Mn-Sb 191 Ni-Mn-In 71 F1
Ni-Mn-Sn 7 & 2 g fiR38. T, BE 35 Ni-Mn 2414
W T, SRR, ERATIAR R, Cult
HL T~ 45 Ky 3d 104 17 Ni DA 3d%4s2, BT Cu 9 3d
HL N 50 2 I A B e REAE, 4 Cu B IE 5
I8 Ni 75 #1357 Ni-Mn 2 [A] 244k, 3£ H Cu BUR Ni
JEAEAF MR TR VK, 30T dxio, AIMHE—
AHIS T Ni-Mn 2 81 444k, Be& 8T, 2RI,

a
280 + (=)
5_ 210
=
140
1 1 1
7.965 7.980 7.995
e/a
(b)
280
~
£ 210 )
140
1 n 1 n 1
213.50 215.25 217.00
V/A3
(c)
280

T/
V)
=
o
T

©

140

2.598 2.601 2.604 2.607
dxinn/A

B4  MngoNig1_zSngCu, (z = 0, 1, 3, 5) BEdh
LR R (Tn) W (2) T4 e/a (b) & A
AV BAK (c) Ni A1 Mn J572 [ BFE B dovn B
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Table 1. Cu content dependence of all kinds of fitting parameters of MnsoNig1—zSngCu, (z =0, 1, 3, 5) alloys.

z/at.% P To1/K Zv T0/s To2/K E./eV wo/rad-s~1
Cu0 0.005 133.3 6.0 5.17 x 10~13 131.6 0.0077 4.89 x 1014
Cul 0.01 129.1 5.46 7.32 x 10—11 128.1 0.0064 5.22 x 1011
Cu3 0.011 134.2 5.24 1.68 x 10—10 134 0.0046 8.17 x 1010
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Fig. 5. (color online) Time dependence of the normalized
magnetization for MnsoNig1_5zSngCu, (z = 1, 3, 5) al-
loys measured at 50 K under zero field cooling from 300 K
to 50 K. The red solid lines represent the fitting result

according to the stretched exponential expression.
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Fig. 6. (color online) Initial magnetization curves and hysteresis loops for MnsgNig1—5SngCu, (z =0, 1, 3,

5) alloys measured at 5 K after zero field cooling from 300 K to 5 K.
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Abstract

Due to its magnetostructural phase transition (the structural phase transition and the magnetic phase transition are
strongly coupled together and occur simultaneously), Mn-based Heusler alloys exhibit attractive physical effects, such as
ferromagnetic shape memory effect, magnetostrain effect, magnetocaloric effect, magnetoresistance effect, and exchange
bias effect. These effects are receiving increasing attentions from the applications in actuating, sensing, magnetic cool-
ing, heat pump, and energy conversion. However, Mn-based Heusler alloys display these potentially useful magnetic
effects only in the vicinity of the magnetostructural transformation temperature. Therefore, from the application point
of view, being able to tune the magnetostructural transformation temperature and the magnetism simultaneously is
highly desirable. Recently, our group has developed a new Mn-based Heusler alloy (Mn2NiSn) with magnetostructural
phase transition. Considering that the magnetostructural transformation temperature of MnsoNisiSng alloy is relatively
high (278 K) and its magnetism is relatively weak (19.5 emu/g at 5 K, 1 emu/g =1 A -m? - kg™'), we expect to lower
its magnetostructural transformation temperature and enhance its magnetism in order to expand its scope of applica-
tion. In this paper, the role of Ni-Mn hybridization on the martensitic transformation temperature and the magnetism
of the martensitic state of MnsoNis1,SngoCu, alloys was studied. XRD measurement shows that the lattice constants
increase with increasing Cu content in MnsoNis1—»SngCu, (z = 0, 1, 3, 5) alloys, and thus Ni-Mn hybridizatiidion
between normal Ni 3d e, and excess Mn 3d decreases due to the lattice expansion and the decrease in the Ni content.
The weakened Ni-Mn hybridization leads to the decrease of both the martensitic transformation temperature and the
austenitic Curie temperature from 278 K and 290 K to 129 K and 237 K, respectively. It should be pointed out that
the phenomenological and conventional valence electron concentration rule has not been able to explain the change of
the martensitic transformation temperature in MnsoNis1—SngCu, alloys, and only the microscopic Ni-Mn hybridization
theory can explain that. Ni-Mn hybridization not only affects the martensitic transformation but also influences the
magnetism of the martensitic state. It is found that the martensite is changed from a canonical spin glass to a cluster
spin glass and its saturation magnetization increases from 19.5 emu/g to 24.1 emu/g. Furthermore, both the ac magnetic
susceptibility and the magnetic relaxation measurements show that the system has changed gradually from a spin glass
state with coexistence of ferromagnetic and antiferromagnetic interaction to a single ferromagnetic state. Therefore,
increasing the Cu content in MnsoNis;—SngCu, alloys has been proven to be an effective way of enhancing the ferro-
magnetic interaction of the martensitic state. Tuning the exchange interaction of the system is very crucial to tailoring
the exchange bias effect of the system. With different Cu contents, a continuous tailoring of the spontaneous exchange
bias field from 0 Oe (1 Oe = 79.5775 A/m) to 1182 Oe is realized. The method of changing the Ni-Mn hybridization
strength mentioned above provides a new way to control the martensitic transformation temperature and the magnetic

properties of the martensitic state.
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