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Abstract The magnetic, thermal, and transport properties

of martensitic phase transformation in single crystal

Co5Ni2Ga3 have been investigated. The single crystal

Co5Ni2Ga3 shows martensitic transformation at 251 K

on cooling and 254 K on warming. Large jumps in the

temperature-dependent resistance curve, temperature-

dependent magnetization curve, and temperature-dependent

thermal conductivity curve are observed at martensitic

transformation temperature (TM). Negative magnetoresis-

tance due to spin disorder scattering was observed in

Co5Ni2Ga3 single crystal at all temperature range. The

temperature-dependent negative magnetoresistance shows a

peak at TM, which indicates that the spin disorder increases in

the process of phase transition. Co5Ni2Ga3 sample exhibits a

temperature dependence of thermal conductivity j(T)

(dj/dT [ 0) due to electrons being above temperature

100 K.

Introduction

Ferromagnetic shape memory alloys (FMSMAs) are drawing

much attention due to their various technological applications

and the prediction that the Heusler alloys should be half-

metals [1]. It is well known that the half-metals are very

important materials for spintronics. FMSMAs can undergo

martensitic phase transformation from martensite phase to

austensite phase by changing temperature or applying mag-

netic field [2–6]. Heusler alloy Co2Ni1-xGa1+x with crystal

structure B2 is a noticeable FMSMA, which resembles the

fully investigated Ni2MnGa in both their electron concentra-

tion and magnetic properties [7–13]. Compared with NiMnGa

alloys, Co2Ni1-xGa1+x has higher Curie temperature, better

ductility, and better stability in preparation without the highly

volatile element Mn. The strain and the magnetization of

martensitic phase transformation in Co2Ni1-xGa1+x have been

investigated intensely. This paper reports the magnetic, elec-

trical, and thermal properties of martensitic phase

transformation in Co5Ni2Ga3 single crystal.

Experiments and discussion

Co5Ni2Ga3 single crystals were grown by the Czochralski

method in a Crystalox MCGS-3 cold crucible system [14]

using constituent elements (Co, Ni, and Ga) with a purity of

99.99%. The magnetic measurements were performed in a

Quantum Design Superconducting Quantum Interference

Device. The electrical transport properties were measured by

the four-point technique with applied magnetic field per-

pendicular to the electrical current in a Quantum Design

Physical Property Measurement System (PPMS-9). The

thermal conductivity was measured using a longitudinal

steady-state technique in PPMS.
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Magnetic properties

Figure 1 shows the temperature dependences of magneti-

zation measured upon warming and cooling in Co5Ni2Ga3

single crystal under applied magnetic field 100 Oe. On

cooling, the martensitic start transition temperature TRS is

251 K and the martensitic finish transition temperature TRF

is 247 K. On warming, the reverse martensitic start tran-

sition temperature TMS is 254 K and the reverse martensitic

finish transition temperature TMF is 263 K. A large

temperature hysteresis is observed.

Temperature dependences of magnetization measured

upon warming in Co5Ni2Ga3 single crystal under different

applied magnetic fields are presented in Fig. 2. The low-

temperature martensite phase shows smaller magnetization

than that of high-temperature austenite phase near martensitic

transition temperature in all these applied magnetic fields. In

relatively low field, this implies that martensite phase has a

larger anisotropy. It is noticeable that, however, the low-

temperature martensite phase shows smaller saturation mag-

netization than that of high-temperature austenite phase in

applied magnetic field 50 kOe near martensitic transition

temperature, which is different from Ni5.19Mn23.2Ga24.9

where the low-temperature martensite phase shows bigger

saturation magnetization than that of high temperature aus-

tenite phase [15]. In NiMnGa alloy, the magnetism is mainly

from Mn atoms, while the moment of Ni is negligible. The

large distance (about 4 A) between the neighboring Mn atoms

establishes the ferromagnetism in the alloy. Therefore, the

variation of lattice parameters upon the martensitic transfor-

mation benefits the overall magnetization in the martensitic

NiMnGa. On the other hand, the slightly lower saturating

magnetization in martensite implies that the ferromagnetism

is from a mutual contribution from both Co and Ni moments in

CoNiGa system.

The temperature-dependent saturation magnetization

behaves according to MS*T3/2 power law below temperature

T = 50 K (Inset to Fig. 2), which indicates that the spin-wave

excitation is allowed. Our measurement shows that the Curie

temperature in Co5Ni2Ga3 single crystal is above 400 K.

Normally, the Heusler half-metal alloys predicted by theory

show integer saturation magnetic moment [16–18]. The sat-

uration magnetic moment at 2 K for Co5Ni2Ga3 was extracted

from the magnetization curve to be 2.242 lB per f.u.

Electrical properties

The temperature dependence of resistance q measured

upon warming and cooling of Co5Ni2Ga3 single crystal is

shown in Fig. 3. A large jump near temperature 250 K on
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Fig. 1 Temperature dependence of magnetizations under magnetic

field 100 Oe upon warming and cooling of Co5Ni2Ga3 sample
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Fig. 2 Temperature dependences of magnetizations under various

magnetic fields for Co5Ni2Ga3 sample. The solid line in the inset

graph is a linear fit to the Co5Ni2Ga3 data, demonstrating the T 3/2

dependence of the magnetization for this low T range
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Fig. 3 Temperature dependence of resistivity upon warming and

cooling for Co5Ni2Ga3 sample. Inset shows the detail q–T curves

upon warming and cooling near temperature 250 K for Co5Ni2Ga3
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cooling corresponds well to the martensitic transition

observed magnetically (Inset to Fig. 3). The jump of q–T

curve near 250 K on cooling is due to the scattering

associated with the presentation of crystallographically

equivalent variants in the martensite phase. The variants

cause defects and twin boundaries due to the lattice

deformation, which may increase the resistivity. On

warming, the jump takes place at temperature 260 K (Inset

to Fig. 3), which corresponds to the reverse martensitic

transition temperature observed magnetically on warming.

The usual expression for the temperature dependence of

resistivity for metals and alloys can be described by the

Matthiessen rule q(T) = q0 + CTn. A plot of ln(q - q0) as

a function of ln(T) will yield the power-law parameter n

(Fig. 4). For temperature T \ 70 K, the resistivity behaves

according to q*T 2.03 power law. It is known that, in the

case of ferromagnetic elements such as Fe, Co, and Ni, the

resistivity usually has a term proportional to T 2 at low

temperature, which is ascribed to inelastic electron-phonon

scattering from vibrating impurities. Above 70 K, the

resistivity dependence transforms from T2.03 dependence to

an almost purely phononic linear dependence n = 0.93 in

martensite phase and n = 1.05 in austenite phase.

Negative magnetoresistance (MR = (q(H) - q(0))/

q(0)) was observed in Co5Ni2Ga3 single crystal at all

temperature range (Fig. 5). The resistivity decreases line-

arly with increasing magnetic field and does not saturate up

to magnetic field 50 kOe (Inset to Fig. 5). The negative

MR increases with temperature up to 320 K. The MRs

were measured at various temperatures on warming. These

characters indicate that the negative MR results from

magnetic field suppression of the spin disorder scattering.

A jump was observed in MR–T curve at martensite–aus-

tenite transformation temperature, which indicates that the

spin disorder in austenite phase is stronger than that in

martensite phase. It is noticeable that a peak in MR–T

curve appears near temperature 250 K, which indicates that

the spin disorder increases in the process of phase

transition.

Thermal properties

The temperature-dependent thermal conductivity, j(T), of

the Co5Ni2Ga3 single crystal sample on warming is shown

in Fig. 6. Thermal conductivity of the Co5Ni2Ga3 single

crystal sample increases gradually from temperature
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if we assume the functional form q(T) = q0 + cT n. The three distinct
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corresponding power-law exponent
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Fig. 5 Temperature dependence of magnetoresistance (MR) under

magnetic field 50 kOe for Co5Ni2Ga3 sample. Inset: The magnetic

field-dependent resistivity at temperature 250 K
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Fig. 6 The measured temperature-dependent thermal conductivity j,

the calculated electronic contribution to the thermal conductivity jel,

and the contribution of the lattice to thermal conductivity jL = j -

jel of the Co5Ni2Ga3 sample
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100–248 K, then decreases quickly from 248 to 258 K. It

increases quickly above 258 K. The measured thermal

conductivity (j) should include the contribution of the

lattice (jL) and the contribution of the electron (jel), that is

to say j = jL + jel. The electronic contribution to the

thermal conductivity, jel, can be calculated using the

Wiedemann–Franz law: jel = LrT, where L is the Lorentz

number, r is the electrical conductivity, and T is the

absolute temperature. The calculated temperature-depen-

dent jel is shown in Fig. 6. jel increases with increasing

temperature. The contribution of the lattice to thermal

conductivity (jL = j - jel) is shown in Fig. 6. Our

results show that the measured thermal conductivity

increases gradually with increasing temperature from 100

to 248 K, which should be attributed to electrons.

The character of jL(T) curve shown in Fig. 6 accords

with the kinetic expression for the contribution of the lat-

tice to thermal conductivity, jL = NCvl, where N is the

number of thermal carriers, C the specific heat, v the group

velocity (usually assumed to be constant), and l the phonon

mean free path. Above 100 K, the contribution of the lat-

tice to thermal conductivity at high temperatures can be

extrapolated using the Debye approximation [19], l*1/T.

So jL decreases with increasing temperature from 100 to

248 K. On warming, the martensite–austenite transforma-

tion takes place at temperature 248 K and the lattice

disorder increases. The phonon mean free path l decreases,

and the contribution of the lattice to thermal conductivity

jL decreases from 248 to 258 K. The martensite–austenite

transformation nearly finishes at temperature 258 K and

the order austenite forms. So the phonon mean free path l

increases, and the contribution of the lattice to thermal

conductivity jL increases above 258 K.

Summary

In summary, we have investigated magnetic, thermal, and

transport properties of martensitic phase transformation in

single crystal Co5Ni2Ga3. Large jumps in the temperature-

dependent resistance curve, temperature-dependent mag-

netization curve, and temperature-dependent thermal

conductivity curve are observed at martensitic transfor-

mation temperature. Negative magnetoresistance due to

spin disorder scattering was observed in Co5Ni2Ga3 single

crystal at all temperature range. Co5Ni2Ga3 sample exhibits

a temperature dependence of thermal conductivity j(T)

(dj/dT [ 0) due to electrons being above temperature

100 K.
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