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The structural, magnetic, and electron-transport properties of Mn3�xPtxSn (x¼ 0, 0.5, 1)

nanomaterials prepared by arc-melting, melt-spinning, and annealing were investigated. It was

found that the hexagonal structure is the most stable structure for Mn3Sn and the samples show an

antiferromagnetic spin order at room temperature. The Pt-containing samples are mainly tetragonal

but contain a small amount of other impurity phases, including hexagonal Mn3Sn and Mn2Sn. At

room temperature, the Pt-containing samples show ferri- or ferromagnetic spin order with a Curie

temperature of about 370 K. The measured high-field magnetization and anisotropy constant

for Mn2PtSn are 405 emu/cm3 and 2.6 Mergs/cm3, respectively. The samples are all highly

conducting with metallic electron transport and show a substantial negative magnetoresistance.
VC 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4865977]

I. INTRODUCTION

High-anisotropy magnetic materials with Curie tempera-

tures above room temperature have potential for a range of

applications, including permanent magnets, high-density

recording, and spintronic devices.1–3 Current efforts on spin-

tronic devices focus on exploiting the spin transfer torque

(STT) phenomena for non-volatile memory and logic devi-

ces. An ideal material for STT-based spintronic devices

should exhibit high perpendicular anisotropy combined with

high spin polarization at the Fermi level and low net magnet-

ization, the latter to minimize field effects.4 It has been found

recently that the Mn-based tetragonal compound Mn3�xGa

(x¼ 2–3) is a promising materials for STT applications.5,6

However, its large lattice mismatch with MgO and relatively

high magnetization are drawbacks. Another Mn-based com-

pound predicted to have high potential for STT application is

tetragonal Mn3�xYxSn (Y¼ 4d or 5d elements). Mn2PtSn is

of special interest because of the predicted high magneto-

crystalline anisotropy (�50 Mergs/cm3) and high spin polar-

ization (P¼ 91%) at the Fermi level.7,8

Mn3Sn has been predicted to exist in both hexagonal

D019 and tetragonal D022 crystal structures; however, only

the hexagonal phase (a¼ 5.665 Å, c¼ 4.531 Å) has been

synthesized in experiment.9 At room temperature, the hexag-

onal Mn3Sn exhibits a triangular antiferromagnetic order,

where the Mn-sublattice magnetizations lie in the plane per-

pendicular to the hexagonal basal plane resulting in zero net

magnetization.10 On the other hand, Mn2PtSn can be synthe-

sized in an inverse tetragonal crystal structure with ferro-

magnetic spin order at room temperature. Because of the

high magnetic anisotropy, low magnetization, and high spin

polarization at the Fermi level, this material is expected to

be promising for STT applications. Here, we present our

experimental results on Mn3�xPtxSn (x¼ 0, 0.5, 1) nanoma-

terial. Our interest is to understand how structural, magnetic,

and electron transport properties of Mn3�xPtxSn change with

changing Pt content.

II. EXPERIMENTAL METHODS

The Mn3�xPtxSn (x¼ 0, 0.5, 1) ribbons were prepared

using arc-melting, melt-spinning, and annealing. The nano-

structured ribbons were produced by rapidly quenching the

induction melted Mn3�xPtxSn onto the surface of a rotating

copper wheel in a highly pure argon filled chamber. The rib-

bons were about 1 mm wide and 85 lm thick. The wheel was

kept at the tangential speed of 20 m/s for all samples. In order

to investigate the effect of annealing on the crystal structure,

the ribbons were annealed in a tubular vacuum furnace with a

base pressure of about 10�7 Torr at a temperature of 300 �C,

450 �C, and 600 �C for up to 50 h. The elemental compositions

were confirmed using energy dispersive x-ray spectroscopy

(EDX), which showed that the compositions were close to the

estimated values within an error of 0.1 at. %. The structural

properties of the samples were studied by x-ray diffraction

(XRD) using a Rigaku D/Max-B x-ray diffractometer with

cobalt source. The magnetic and electron transport properties

were investigated with a Quantum Design SQUID magnetome-

ter and a Physical Properties Measurement System (PPMS).

The Rietveld analysis of the x-ray diffraction patterns was done

using TOPAS software.11

III. RESULTS AND DISCUSSION

Figure 1(a) shows the x-ray diffraction patterns for the

Mn3Sn, Mn2.5Pt0.5Sn, and Mn2PtSn ribbons. We found that

the rapidly quenched Mn3Sn ribbons prefer the hexagonal

structure. We tried different annealing times and temperatures

(up to 600 �C and 100 h) to see if there would be a transition

from the hexagonal to the tetragonal structure but the ribbonsa)Electronic mail: parashu.kharel@sdstate.edu.
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remained hexagonal, regardless of different annealing condi-

tions. Once Pt was added, the preferred structure transformed

from hexagonal to inverse tetragonal but the samples still con-

tained some hexagonal Mn3Sn. Rietveld refinement of x-ray

diffraction patterns shows that the amount of hexagonal

Mn3Sn phase decreases with increasing Pt content.

Figure 1(b) compares a simulated powder diffraction pat-

tern for inverse tetragonal Mn2PtSn alloy with the experimen-

tal data. The intensities and 2h positions of most of the

diffraction peaks in the experimental pattern show a very

close match with the simulated pattern. However, the refine-

ment also indicates that the sample contains a small amount

of secondary phases (about 8 wt. % Mn2Sn and about 7 wt. %

Mn3Sn). The Rietveld-refined lattice parameters for Mn2PtSn

are a¼ 4.201 Å and c¼ 5.553 Å with c/a¼ 1.32. All the sam-

ples were polycrystalline; however, some preferred texture

was detected as commonly observed in the melt-spun ribbons.

Both Pt-containing samples (Mn2.5Pt0.5Sn and Mn2PtSn) were

annealed at various temperatures to obtain single phase

Mn3�xPtxSn. We found that an optimum annealing condition,

which significantly reduced the Mn3Sn phase in Mn2.5Pt0.5Sn,

was 600 �C for 40 h. We believe that a longer annealing time

is required to completely eliminate the hexagonal impurities

in both Mn2.5Pt0.5Sn and Mn2PtSn ribbons.

Figure 2 shows the magnetic-field dependence of mag-

netizations of Mn3�xPtxSn ribbons measured at room tem-

perature. As shown in the inset of Fig. 2, the M(H) curve of

Mn3Sn is almost linear but shows a clearly open hysteresis

loop near the origin. The high-field (H¼ 70 kOe) magnetiza-

tion and coercivity are about 1.8 emu/g and 5 kOe, respec-

tively. However, the samples containing Pt show completely

different magnetic properties, where the M(H) loops are

almost saturated and have small coercivities (�0.5 kOe) con-

sistent with soft ferromagnetic behavior. The measured

high-field (H¼ 70 kOe) magnetizations for Mn2.5Pt0.5Sn and

Mn2PtSn are 24 emu/g and 36 emu/g (405 emu/cm3), respec-

tively. We have used the density of a stoichiometric

Mn2PtSn (11.43 g/cm3) to express the magnetization into

emu/cm3, although the real density of our Mn2PtSn sample

should be slightly smaller than this value because of the pres-

ence of secondary phases.

The anisotropy energies of Mn2.5Pt0.5Sn and Mn2PtSn

were determined using the approach to saturation method.6,12

We have found that both Pt-containing samples show high

magnetic anisotropy on the order of 106 ergs/cm3 (2.6

Mergs/cm3 for Mn2PtSn). This value of anisotropy energy is

about one order smaller than the theoretically predicted value

of about 50 Mergs/cm3 for Mn2PtSn. We note that the

observed coercivity of the Mn2PtSn ribbon does not scale

with the anisotropy energy. Since coercivity is an extrinsic

magnetic property which depends on the microstructure and

texture of a sample, we do not expect the coercivity of these

polycrystalline ribbons to scale with their anisotropy energy.

Figure 3 shows the temperature dependence of magnet-

izations M(T) of Mn3�xPtxSn ribbons between 10 K and

500 K. The samples were first cooled at 1 kOe and magnet-

izations were measured at the same field while the tempera-

ture gradually increased from 10 K to 400 K. For high

temperature measurement (from 300 K to 500 K), samples

were mounted on a VSM oven heater stick and measured

separately. As shown in the inset of Fig. 3, the M(T) curve

exhibits an increase in magnetizations near 70 K, 260 K, and

430 K. These anomalies in magnetizations are consistent

with neutron diffraction results reported in the

FIG. 1. (a) Experimental XRD patterns for Mn3Sn, Mn2.5Pt0.5Sn, and Mn2PtSn melt-spun ribbons, where H, T, and * corresponds to the hexagonal Mn3Sn,

inverse tetragonal Mn2PtSn, and hexagonal Mn2Sn phases, respectively; (b) simulated power x-ray diffraction pattern (Rietveld plot) corresponding to the

inverse tetragonal structure of Mn2PtSn alloy, compared with experimental data shown in blue color.

FIG. 2. The magnetic field dependence of the magnetizations for the Mn2PtSn

and Mn2.5Pt0.5Sn ribbons, measured at room temperature. The inset shows the

M(H) hysteresis curve for the rapidly quenched Mn3Sn ribbon.
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literatures.10,13 The anomaly near 420 K corresponds to the

N�eel temperature. The room-temperature M(H) curve for

Mn3Sn sample shows a signature of a weak ferromagnetism.

According to neutron diffraction studies, the onset of weak

ferromagnetism, which also occurs near 420 K, is a conse-

quence of a slight distortion in the triangular magnetic

structure due to anisotropy energy.10,13 The upturn in magnet-

ization as temperature decreases below 260 K has been attrib-

uted to the transition to a helical magnetic structure. The

increase in magnetization below 70 K has been interpreted as

the result of a shift of the sublattice magnetization plane to a

position parallel to the basal plane.10 On the other hand, the

magnetizations of both Pt-containing samples show clear

magnetic transitions near 200 K and 370 K. The magnetic

transition at 370 K is consistent with the predicted Curie tem-

perature (Tc¼ 374 K) of Mn2PtSn.7 Since our samples contain

a small amount of Mn2Sn and the Curie temperature of ferro-

magnetic Mn2Sn is close to 200 K, the transition near 200 K

can be explained by the presence of Mn2Sn.

The temperature dependences R(T) of electrical resist-

ance of the Mn3�xPtxSn ribbons between 5 K and 300 K are

shown in Fig. 4. The resistances were measured while the

temperature gradually increased from 5 K to 300 K, using a

four-point-probe method. As shown in Fig. 4, the resistances

are normalized to the value at 5 K for better comparison. All

the samples are highly conducting and show typical metallic

behavior between 5 K and 200 K, where the temperature coef-

ficient of resistance is positive. However, the R(T) curves

show a change in the slope as the temperature increases above

200 K. We believe that the change in slopes of the R(T) curves

is linked to the magnetic transition observed in these samples.

The residual resistances are in the range of milliohms (resis-

tivity at 5 K� 1.2 mX cm for Mn3Sn and 2.6 mX cm for

Mn2PtSn). The residual resistance ratio (RRR) defined as

R300 K/R5 K is 3.5 for Mn3Sn, which decreases with increasing

Pt concentration and reaches 2 for Mn2PtSn. This indicates

that Pt-containing samples have high structural disorder

and/or defect concentration. This may be caused by the struc-

tural transformation of Pt-containing samples from hexagonal

to tetragonal phase without complete elimination of the hex-

agonal impurities. We have found that all three samples show

a substantial negative magnetoresistance (3.7% for Mn2PtSn

and 3.1% for Mn3Sn at 5 K with H¼ 50 kOe) but without any

change in the shape of the R(T) curves.

IV. CONCLUSIONS

We have prepared Mn3�xPtxSn (x¼ 0, 0.5, 1) nanomate-

rials using arc-melting, melt-spinning, and annealing. The

rapidly quenched hexagonal Mn3Sn ribbons are antiferro-

magnetic at room temperature but show interesting magnetic

transitions as the temperature decreases below 300 K. The

Pt-containing samples, Mn2.5Pt0.5Sn and Mn2PtSn, are

mainly inverse tetragonal in structure and show ferro- (or

ferrimagnetic) behavior at room temperature. All samples

have small residual resistances in the order of milliohms-cm

and are metallic. Although Mn2PtSn has relatively low mag-

netization and high magnetic anisotropy, its low Curie tem-

perature is an obstacle for technological applications and it is

necessary to address this issue before it can be used for devi-

ces. Also, it is important to investigate the degree of spin

polarization in thin films of this material to determine if this

material is useful for STT-based devices.
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FIG. 3. The temperature dependence of magnetizations M(T) for Mn2PtSn

and Mn2.5Pt0.5Sn ribbons measured at H¼ 1 kOe. The inset shows the M(T)

curve for rapidly quenched Mn3Sn ribbon measured at 1 kOe. We note that

the vertical scale of the inset is logarithmic.

FIG. 4. Normalized resistances (R/R5 K) as a function of temperature for

Mn3�xPtxSn (x¼ 0, 0.5, 1) ribbons. The resistances were measured between

5 K and 300 K at zero magnetic field.
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