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Ternary yttrium chromium sulfide, Y2CrS4, prepared by the solid-state reaction of Y2S3, Cr, and S, was found

to exhibit an antiferromagnetic transition at about 64 K. The X-ray diffraction pattern at 300 K was refined with

space group Pca21, and the structure parameters were determined to be a = 12.51 Å, b = 7.53 Å, and c = 12.49 Å.

We investigated the magnetotransport properties, and observed negative colossal magnetoresistance reaching up to

2.5× 104% in the semiconducting compound of Y2CrS4.
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1. Introduction

In recent years, interest in colossal magnetoresis-

tance (CMR) materials has grown, not only for fun-

damental scientific research but also practical applica-

tions in material engineering.[1−6] So far, three classes

of CMR materials have been found.[7] They are (i)

manganese oxides derived from LaMnO3, which have a

perovskite structure and exhibit the CMR effect in the

vicinity of the magnetic transition temperature; (ii)

compounds with the general formula of AB2X4, where

A and B are transition-metal cations occupying the

tetrahedral and octahedral sites, respectively, andX is

a chalcogen, including Cr-based chalcogenide spinels[1]

such as HgCr2S4;
[8] (iii) pyrochlore oxides with a space

group of Fd-3m and a composition of A2B2O7 crys-

tallized in the face-centred-cubic structure with eight

formula units per unit cell, where A is a larger cation

and B is a smaller transition metal cation. The most

typical example is Tl2Mn2O7.
[9] In the three systems,

units of slightly distorted (Mn/Cr)O6 octahedra with

or without Jahn–Teller ions are always found.

The CrS6 octahedra are found in ternary yt-

trium chromium sulfide Y2CrS4, which has an or-

thorhombic structure and belongs to space group

Pca21 (No. 29).[10] As the divalent chromium ions are

Jahn–Teller ions with d4 configuration, the CrS6 oc-

tahedra in the structure are slightly distorted by the

Jahn–Teller effect. It is difficult to grow Y2CrS4, so

the electronic properties have not been investigated.

In this paper, we report on the crystal structure, the

magnetic properties, and the magnetotransport prop-

erties of Y2CrS4.

2. Experiments

The polycrystalline sample of Y2CrS4 was pre-

pared by the standard solid-state synthesis method.

High-purity powders of yttrium sulfide (Y2S3),

chromium (Cr), and sulphur (S) were mixed homoge-

neously in proportions corresponding to the chemical

formula, and then pelletized and sealed in an evacu-

ated quartz tube. The tube was heated at 1275◦C for

50 h.

The phase composition and structure were

checked by powder X-ray diffraction (XRD) using a

RINT 2400 diffractometer from the Rigaku Corpora-

tion with graphite monochromatized Cu Kα radiation

at room temperature.
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The direct-current (dc) magnetic susceptibilities

were measured under an applied field of 0.05 T in a

temperature range of 4–300 K by using a Squid mag-

netometer (Quantum Design, MPMSXL-7), and the

magnetic hysteresis loop was measured at 4 K.

The dc resistivity was measured with the stan-

dard four-contact method using a physical property

measurement system (PPMS, Quantum Design), and

the electrical contacts were established by using silver

paint on a bar-shaped sample.

3. Results and discussion

Figure 1(a) displays the XRD patterns of Y2CrS4
(including the experimental and Rietveld calculated

results), which reveal that the structure of the sample

has an orthorhombic unit cell and pertains to space

group Pca21. The weight pattern factor and the ex-

pected factor from the Rietveld refinement are Rwp =

15.7% and Rexp = 8.46%, respectively. The structures

of crystal Er2CrS4
[11,12] and the previous report[10]

were used as the initial parameters for the Full-

prof program,[13] respectively. All the atoms were at
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Fig. 1. (colour online) (a) Powder X-ray diffraction pat-

tern fitted for Y2CrS4. The observed (dots) and calculated

(line) patterns are shown on the top. The vertical marks

in the middle show the positions calculated for the Bragg

reflections. The lower trace is a plot of the difference be-

tween the calculated and observed intensities. The inset

shows the crystal structure of Y2CrS4. (b) Distortions of

the CrS6 octahedra.

the 4a sites, and the isotropic atomic displacement pa-

rameters were fixed to be 0.3 Å2. The refined results

are shown in Table 1, and are similar to the results

in the previous literature,[10,11] except for the atomic

coordinates. The crystal structure of Y2CrS4 and the

bond lengths between Cr and S calculated from the

refined crystal structure of Y2CrS4 are presented in

the insets of Fig. 1(a) and Fig. 1(b), respectively. The

four bonds connecting to each Cr are shorter than the

other two bonds, which indicates that the CrS6 octa-

hedra are distorted by the Jahn–Teller effect, as are

those in Er2CrS4.
[14]

Table 1. Crystallographic data for Y2CrS4 at room

temperature.

Space group Pca21

a/Å 12.5068(1)

b/Å 7.5304(2)

c/Å 12.4905(4)

Rwp 15.7%

s 1.856

Atoms x y z

Cr1 0.116(1) 0.628(2) 0.012(1)

Cr2 0.399(1) 0.104(3) 0.156(1)

Y1 0.1120(9) 0.112(2) 0.006(1)

Y2 0.1351(9) 0.373(2) 0.318(1)

Y3 0.382(1) 0.616(2) 0.150(1)

Y4 0.642(1) 0.138(2) 0.316(1)

S1 0.019(2) 0.123(4) 0.206(3)

S2 0.022(2) 0.629(5) 0.474(2)

S3 0.016(2) 0.683(4) 0.200(3)

S4 0.065(2) 0.138(5) 0.449(2)

S5 0.240(2) 0.350(6) 0.118(1)

S6 0.302(1) 0.615(5) 0.351(2)

S7 0.289(1) 0.107(6) 0.326(2)

S8 0.753(2) 0.144(7) 0.087(2)

The temperature dependences of the zero-field-

cooled (ZFC) and field-cooled (FC) magnetic sus-

ceptibilities measured from 4 K to 300 K under an

applied field of 0.05 T are shown in Fig. 2(a). An an-

tiferromagnetic anomaly is found at about 64 K. The

effective magnetic moment is deduced from the Curie–

Weiss fitting of the linear part of the corresponding

reciprocal magnetic susceptibility curve in the 150–

300 K temperature range, µeff = 3.532 µB. The value

is between the theoretical effective magnetic moments

of Cr2+ in the high spin state (4.90 µB) and low spin

state ( 2.83 µB), and is close to the first-principles

calculation results.[15] According to the LDA and the

LDA+U calculations, the magnetic moments of Cr2+

at the antiferromagnetic phase are equal to 3.245 µB
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and 3.739 µB, respectively. The neutron diffraction

shows that the magnetic moment of Cr2+ is 3.27(9) µB

at 10 K,[10] which is very close to our result. The Weiss

constant is determined to be 13.78 K. The difference

between ZFC and FC is observed below the Neel

temperature. The shapes of the ZFC and FC curves
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Fig. 2. (colour online) (a) Magnetic susceptibility and

inverse magnetic susceptibility versus temperature mea-

sured at 0.05 T. (b) Magnetic hysteresis loop measured at

4 K; the inset gives a magnified view of the small fields.

below the Neel temperature indicate little ferromag-

netic structure for Y2CrS4. Figure 2(b) displays a

magnetic hysteresis loop measured at 4 K. A mag-

nified view of the hysteresis loop at small fields (as

illustrated in the inset of Fig. 2(b)) shows the rema-

nent magnetization and the coercive force, which also

indicate a simple ferromagnetic structure. Clearly, a

nonlinear behavior is found within H < 70 kOe, indi-

cating a complex magnetic structure.

In Fig. 3(a), the temperature dependences of the

dc resistivity of Y2CrS4 measured using the four-point

contact method with and without the applied field

are shown. The dc resistivity exhibits a semicon-

ducting behavior at low temperature (as illustrated

in Fig. 3(b)) and is too large to be measured pre-

cisely at temperatures below 25 K. Under an ex-

ternal magnetic field of 10 T (current perpendicular

to magnetic field geometry), the dc resistivity can-

not be measured accurately at temperatures below

11 K. The dc resistivity varies strongly with the ap-

plied magnetic field. As illustrated in the inset of

Fig. 3(a), the dc resistivity relative variation exceeds

250, and the CMR effect is up to the findings in most

CMRmanganites,[3,6,7,16−18,24] Cr-based chalcogenide

spinels,[1,8,19,25,26] and pyrochlore oxides.[2,5,9,20−23]

Y2CrS4 does not belong to the three classes of CMR

compounds, as shown in Table 2. The former two

classes of CMR compounds contain manganese and

oxygen, and the latter two are composed of chromium

and sulfur. The third class of CMR compounds in-

cludes trivalent chromium ions, while Y2CrS4 only has

divalent Jahn–Teller chromium ions.

Table 2. The main characteristics of the four classes of CMR compounds.

Class 1 Class 2 Class 3 Class 4

Example La0.67Ba0.33MnO3
[24] Tl2Mn2O7

[9,23] FeCr2S4[25] Y2CrS4

Octahedra yes yes yes yes

Jahn–Teller ions yes no no yes

Structure perovskite pyochlore spinel orthorhombic

Conductivity insulator/conductor conductor semiconductor semiconductor

Figure 3(b) shows the resistivity curves with

and without the applied magnetic field replot-

ted as ln ρ–1/T and ln(ρ/T )–1/T , respectively.

The Mott’s variable-range hopping expression ρ =

ρ0 exp(T0/T )
1/4 cannot fit the curves (not shown

here). The activation energy is deduced from the ther-

mally activated behavior (ρ = ρ0 exp(E/kBT )) due

to a mobility edge fitting of the corresponding ln(ρ)

curve in the 30–270 K reciprocal temperature range,

EA = 33.6 meV. Obviously, as shown in Fig. 3(b),

the resistivity is due to the magnetic polaron hop-

ping conduction, namely, ρ = ρ0T exp(EP/kBT ), with

EP = 39.96 meV. The results are similar to those of

Fe1−xCdxCr2S4.
[25,26] The reduction in spin-disorder

scattering should be responsible for the CMR effect,

which is probably enhanced at low charge carrier den-
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sities. A detailed explanation requires an investigation

using ultrafast mid-infrared spectroscopy.
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Fig. 3. (colour online) (a) The dc resistivities versus

temperature measured at zero field and under an ap-

plied field of 10 T. The inset shows the magnetoresistance

versus temperature for Y2CrS4, where ∆ρ/ρ(10 T) =

[ρ(0 T) − ρ(10 T)]/ρ(10 T). (b) The dc resistivity curves

with and without the applied magnetic field, replotted as

ln ρ(H)–1/T and ln[ρ(H)/T ]–1/T .

4. Conclusion

In summary, we synthesized single-phase poly-

crystalline Y2CrS4 and refined the powder XRD pat-

tern with the space group Pca21 by using the Full-

prof program. The structure parameters obtained at

300 K were as follows: a = 12.51 Å, b = 7.53 Å, and

c = 12.49 Å. The temperature dependences of the ZFC

and FC magnetic susceptibilities were measured, and

an antiferromagnetic anomaly was observed at about

64 K. A negative CMR in semiconducting Y2CrS4 was

reported for the first time. The realization of CMR

with an orthorhombic structure in compound Y2CrS4
should open up a vast range of materials for the fur-

ther exploration and exploitation of this effect.

References

[1] Ramirez A P, Cava R J and Krajewski J 1997 Nature 386

156

[2] Alonso J A, Velasco P, Martinez-Lope M J, Casais M T,

Martinez J L, Fernandez-Diaz M T and de Paoli J M 2000

Appl. Phys. Lett. 76 3274

[3] Salamon M B and Jaime M 2001 Rev. Mod. Phys. 73 583

[4] Majumdar P and Littlewood P 1998 Phys. Rev. Lett. 81

1314

[5] Prasankumar R P, Okamura H, Imai H, Shimakawa Y,

Kubo Y, Trugman SA, Taylor A J and Averitt R D 2005

Phys. Rev. Lett. 95 267404

[6] Millis A J, Shraiman B I and Mueller R 1996 Phys. Rev.

Lett. 77 175

[7] Ramirez A P 1997 J. Phys.: Condens. Matter 9 8171

[8] Weber S, Lunkenheimer P, Fichtl R, Hemberger J,

Tsurkan V and Loidl A 2006 Phys. Rev. Lett. 96 157202

[9] Ramirez A P and Subramanian M A 1997 Science 277

546

[10] Tezuka K, Shan Y J, Imoto H and Ohoyama K 2007 J.

Phys. Chem. Solids 68 2133

[11] Vaqueiro P, Szkoda I, Sanchez R D and Powell A V 2009

Inorg. Chem. 48 1284

[12] Tomas A and Guittard M 1980 Mater. Res. Bull. 15 1547
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