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The magneto-transport properties are investigated in metamagnetic CoMnSi0.88Ge0.12 alloy. By applying a mag-

netic field or increasing temperature, a metamagnetic phase transition from antiferromagnetic to ferromagnetic is ob-

served in this alloy. Around the metamagnetic phase transition, CoMnSi0.88Ge0.12 alloy exhibits a large and negative

magnetoresistance effect (∼32%) under a magnetic field of 20 kOe (1 Oe = 79.5775 A/m), which is ascribed to the

spin-dependent scattering of conduction electrons.
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1. Introduction

The giant magnetoresistance (MR) effect has

attracted attention increasingly for the interest of

its physical mechanism and the practical appli-

cations in magnetic recording and memory de-

vices, since it was discovered in antiferromagneti-

cally coupled Fe/Cr multilayers[1] and many other

artificial multilayer systems.[2−4] In addition to

those artificial super-lattices, large MR has also

been observed in many intermetallic compounds,

such as Ce(Fe0.93Ru0.07)2,
[5] FeRh,[6] SmMn2Ge2,

[7]

YMn6Sn6,
[8] Mn2Sb0.88Ge0.12,

[9] and NaZn13-type

LaFeCoSi,[10] in which a metamagnetic phase tran-

sition can be induced by applying a magnetic field.

Recently, Zhang et al. studied the electric

transport properties in CoMnSi alloy, and observed

large magnetoresistance over a large temperature

region.[11] It is known that CoMnSi alloy has a

TiNiSi-type orthorhombic crystalline structure with

the space group of Pnma. It shows double spi-

ral antiferromagnetism below its Nèel temperature

of 365 K.[12,13] Meanwhile, the isostructural com-

pound CoMnGe exhibits collinear ferromagnetism

with a Curie temperature of 337 K.[14] The substi-

tution of Ge for Si could enhance the competition

between antiferromagnetism and ferromagnetism, and

consequently form the metamagnetic CoMnSi1−xGex

system.[14−17] In CoMnSi1−xGex (x > 0.08) alloys,

abrupt jumps of magnetization are observed in the

thermal–magnetic (M–T ) curves, which are identified

as the first-order phase transition between the low-

temperature antiferromagnetic (AFM) phase and the

high-temperature ferromagnetic (FM) phase.[17] Re-

cently, we reported on large and positive magnetic

entropy changes as well as broad working tempera-

ture spans in CoMnSi0.88Ge0.12 alloy.
[17] In the present

paper, we investigate and discuss the MR effect in

CoMnSi0.88Ge0.12 alloy by using the spin-dependent

scattering theory.

2. Experiment

A polycrystalline sample of CoMnSi0.88Ge0.12 was

prepared by arc melting the raw materials with nom-

inal proportions in a high purity argon atmosphere.

To ensure homogeneity, the ingot was re-melted sev-

eral times. Then the ingot was pulverized into pow-

der and pressed into some small tablets. Finally, the

tablets were sealed in evacuated quartz tubes and an-

nealed at a temperature of 740 ◦C for 5 days, and then

quenched in cool water. The single phase of TiNiSi-

type structure was confirmed in our sample by x-ray

diffraction (XRD) analysis using Cu Kα radiation.

The magnetic measurement was carried out by using
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a superconducting quantum interference device mag-

netometer (SQUID, Quantum Design). The electrical

transport properties were investigated on the annealed

tablets using a physical property measurement system

(PPMS, Quantum Design) by the standard four-probe

technique with a dc vertical magnetic field.

3. Results and discussion

The M–T curve for CoMnSi0.88Ge0.12 alloy mea-

sured at a magnetic field of 100 Oe (1 Oe =

79.5775 A/m) on heating is shown in Fig. 1. With

increasing temperature, a metamagnetic phase transi-

tion from AFM to FM is observed. The phase transi-

tion temperature (TAFM−FM), defined as a tempera-

ture where dM/dT is the maximum, is about 212 K.

Figure 1 also shows the temperature dependence of the

electrical resistivity (ρ–T ) on heating between 100 and

300 K. The measurements are carried out at H = 0

and 20 kOe, respectively. In the case of zero field, the

electrical resistivity first increases with the increase

of temperature, showing a metallic behaviour. Then

the electrical resistivity drops suddenly around the

temperature of 210 K, which accords well with the

TAFM−FM obtained from the low-field (100 Oe) M–

T curves. Obviously, the sudden decrease of electri-

cal resistivity could be attributed to the temperature-

induced metamagnetic phase transition between AFM

and FM states. As temperature increases further, in

the FM state, the electrical resistivity shows metallic

behaviour again. Compared with the case in the zero

field, the electrical resistivity of the AFM state in the

20 kOe field decreases largely near TAFM−FM, while

that of the FM state is almost unchanged. In addi-

tion, TAFM−FM shifts about 40 K towards lower tem-

peratures as previously observed in M–T curves.[15]

Therefore, a large negative MR effect, which is asso-

ciated with the metamagnetic phase transition, could

be expected in the vicinity of TAFM−FM.

The temperature dependence of MR ratio for

CoMnSi0.88Ge0.12 alloy is plotted in Fig. 2. Here

MR is defined as MR = [ρ(H) − ρ(0)]/ρ(0), with

ρ(0) and ρ(H) referring to the electrical resistivities

without and with applying a magnetic field, respec-

tively. Large and negative MR is observed under a

magnetic field of 20 kOe. For example, the peak value

of MR reaches up to 32% at 191 K, which is compara-

ble with those observed in some other metamagnetic

materials, such as Ce(Fe0.93Ru0.07)2,
[5] SmMn2Ge2,

[7]

YMn6Sn5.9Ga0.1,
[8] and Mn2Sb0.88Ge0.12 alloys.[9]

Compared with the case in CoMnSi alloy, though the

temperature region of MR in CoMnSi0.88Ge0.12 alloy

is smaller, the peak value of MR under a relatively

low magnetic field is largely increased, owing to the

abrupt metamagnetic phase transition induced by Ge-

substitution.[11]

Fig. 1. Temperature dependences of electrical resistivity

and magnetization for CoMnSi0.88Ge0.12 alloy.

Fig. 2. Temperature dependence of magnetoresistance for

CoMnSi0.88Ge0.12 alloy under a field of 20 kOe.

The isothermal magnetization (M–H) curves for

CoMnSi0.88Ge0.12 alloy measured at 191 K and 200 K

are shown in Fig. 3(a). During the measurement, the

magnetic field first increases to 20 kOe and then re-

turns to zero. Large jumps of magnetization (∆M)

(for example, about 90 emu/g at 191 K) are observed

around the metamagnetic phase transition. The first-

order nature of the phase transition is confirmed by

the magnetic hysteresis between the process of increas-

ing and decreasing fields. The metamagnetic critical

field, which is defined as the inflexion point in the

M–H curves, decreases significantly from 13.5 kOe at

191 K to 8.5 kOe at 200 K.
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Fig. 3. (a) Isothermal magnetization curves for

CoMnSi0.88Ge0.12 alloy measured at 191 K and 200 K,

and (b) magnetic field dependences of magnetoresistance

for CoMnSi0.88Ge0.12 alloy measured at 191 K and 200 K.

Figure 3(b) shows the magnetic field dependences

of magnetoresistance (MR–H) for CoMnSi0.88Ge0.12
alloy measured at 191 and 200 K. At 191 K, the MR

ratio grows slowly at low magnetic fields. With the in-

crease of magnetic field, a sudden increase of MR ratio

occurs around 13 kOe. Further increase of magnetic

field leads to the MR value approaching the saturation

value of 32%. From Figs. 3(a) and 3(b), it seems that

the jump of MR ratio on MR–H curves should be as-

cribed to the metamagnetic behaviours. Although the

saturation value of MR of 200 K is lower than 191 K,

it has a larger MR ratio at low magnetic fields, for

example at H ≤ 10 kOe. This phenomenon can be

understood by the fact that the metamagnetic critical

field decreases as temperature increases.

As we know, spin-dependent scattering theory has

been employed to explain the large MR in some natu-

ral multilayer alloys,[6,8,18] in which the metamagnetic

phase transition was often observed. In CoMnSi al-

loy, neutron diffraction analysis reveals that the mag-

netic moments form a double spiral antiferromagnetic

structure along the c-axes, and the spirals run through

serials of Mn and Co basal planes and stack in the

sequence of Mn–Mn–Co–Co–Mn–Mn–Co–Co, estab-

lishing a natural multilayer alloy.[19] The interactions

within a Mn plane and a Co plane are ferromagnetic,

but the interlayer couplings between Mn–Mn and Co–

Co planes are antiferromagnetic with their respective

angles rotating around the c-axes.[19] Therefore, a nat-

urally and antiferromagnetically coupled multilayer-

structure is formed along the c-axes and the con-

duction electrons experience relative strong scatter-

ing potentials and result in higher resistivity in the

AFM state.[17] In the case of CoMnSi0.88Ge0.12 alloy,

which probably possesses a similar magnetic struc-

ture to CoMnSi, the application of a magnetic field

induces a metamagnetic transition from the AFM to

FM state. It could be related to the large decrease

in scattering potentials of conduction electrons and

consequently low resistivity.[18] Therefore, a large and

negative MR effect is exhibited around the metamag-

netic phase transition in CoMnSi0.88Ge0.12 alloy.

4. Conclusion

The magnetotransport properties are studied in

CoMnSi0.88Ge0.12 alloy from 100 K to 300 K. Owing

to the large and abrupt change of magnetization asso-

ciated with the metamagnetic phase transition from

AFM to FM, a large MR effect is observed in the

vicinity of metamagnetic phase transition tempera-

ture, suggesting their potential application as a mag-

netic field sensor. The large and negative MR effect is

ascribed to the spin-dependent scattering of conduc-

tion electrons.
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