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Magnetoresistance and magnetocaloric effect of a double perovskite oxide PrSrMnCoO6 (cubic,

Fm�3m) has been studied in fields up to 7 T. This compound is semiconductor-like and its electrical

resistivity increases by 5 orders while going from 300 to 50 K. Giant magnetoresistance of �40%

is observed at 200 K in 7 T field. PrSrMnCoO6 orders ferromagnetically at �150 K and shows a

maximum magnetic entropy change of �4.6 J/kg/K for 5 T field change in the temperature range

of 110–190 K. This nearly constant magnetocaloric effect over a broad temperature span is highly

suitable for Ericsson-cycle magnetic refrigeration. VC 2011 American Institute of Physics.

[doi:10.1063/1.3556716]

I. INTRODUCTION

The perovskite oxides are well known for their colossal

magnetoresistance (CMR), multiferroic and superconducting

properties.1,2 Recently, double perovskite oxides of the gen-

eral formula AA0BB0O6 (A, A
0—rare earth or alkaline earth

ions, B, B0—transition metal ions) have attracted wide atten-

tion3 as some of them are ferromagnetic at room tempera-

ture. The oxides such as Sr2FeMoO6 and La2VRuO6 exhibit

large low field magnetoresistance at room temperature4 and

half-metallicity.5 It is of substantial interest to look for mate-

rials with large magnetocaloric effect (MCE) near magnetic

transition6,7 because of prospective applications. Here we

report giant magnetoresistance and moderate magnetocaloric

effect over a broad temperature range in a double perovskite

oxide PrSrMnCoO6.

II. EXPERIMENTAL DETAILS

Polycrystalline samples of PrSrMnCoO6 were prepared

by a sol-gel method, the details of which are presented else-

where.8 The samples were characterized by x-ray powder

diffraction, SEM and EDAX. The magnetization was meas-

ured using a superconducting quantum interference device

magnetometer (MPMS, Quantum Design) and a vibrating

sample magnetometer (PPMS, Quantum Design). Electrical

resistivity has been measured by a standard four-probe

method using PPMS.

III. RESULTS AND DISCUSSION

The powder x-ray diffraction data confirmed that the

sample is single phase having cubic crystal structure (Space

group Fm�3m) at room temperature with lattice parameter

a¼ 7.666 Å. Figure 1 shows the magnetization (M) of

PrSrMnCoO6 in a magnetic field of 0.5 T after cooling in

zero field (ZFC) and also after cooling in the measuring field

(FC). The slope of the magnetization curve changes gradu-

ally in the temperature range of 50–200 K and the inflection

point, 150 K, in the dM/dT curve is taken as the ferromag-

netic transition temperature, TC, of this sample. At tempera-

tures below �115 K, irreversibility between the ZFC and FC

curves becomes noticeable, which is indicative of a magnetic

glassy behavior.9,10 The ZFC–FC magnetization separation

could also result from anisotropy effects. The ZFC curve

shows a broad maximum centered at 50 K and below this

temperature the magnetization decreases with decreasing

temperature, whereas the FC magnetization increases contin-

uously down to 5 K. The inverse magnetic susceptibility in

the temperature range of 200–300 K follows Curie–Weiss

law and a paramagnetic Weiss temperature (hp) of 159 K and

an effective magnetic moment (leff) of �6.12 lB/f.u. are

obtained. At 5 K, the magnetization as a function of the

applied magnetic field, M(H) shows subtle hysteresis. The

FIG. 1. (Color online) Temperature dependence of zero-field cooled and

field cooled magnetization of PrSrMnCoO6 in 0.5 T. (Inset) Magnetization

vs field curves at three different temperatures.

a)Author to whom correspondence should be addressed. Electronic mail:

ksethu@physics.iitm.ac.in.
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magnetization does not saturate in an applied field of 5 T

[Fig. 1(inset)] and only a magnetic moment value of 1.63 lB/

f.u. is obtained at 5 K in 5 T for this compound. It suggests

possible ferrimagnetic alignment of moments. On the other

hand, there is also a possibility of having some regions of

Mn3þ and Co3þ moments in the lattice, which may give rise

to local magnetic disorder11 and hence the reduction in over-

all moment value and frequency dependence in ac magnetic

susceptibility (see below).

The temperature dependence of the electrical resistivity

of PrSrMnCoO6 is shown in Fig. 2(a). The resistivity

increases like a semiconductor from 300 to 50 K. The electri-

cal resistivity value below 50 K is beyond the measurement

limits of our instrument. In order to understand the nature of

electronic conduction in the semiconducting region of the

sample, we tried to fit the resistivity to Mott’s variable range

hopping (VRH) model [q ¼ q0 expðT0=TÞ
1=4

]12,13 in the

temperature range of 150–300 K. It is clear from the linear fits

of ln q vs T�1/4 [which is shown in Fig. 2(a, inset)] that the data

fit well to the VRH-type of conduction.14 N(E) is calculated

to be 3:28� 1017 eV�1 cm�3 for the PrSrMnCoO6 sample

considering the value of L as 10�10 m (from Ref. 15). The

value of N(E) is of the same order of magnitude as in other

known oxide semiconductors16 [N(E)�1017–1019 eV�1 cm�3].

Unlike most of the CMR manganites, the onset of ferromag-

netic/ferrimagnetic order does not lead to metallic conductiv-

ity in PrSrMnCoO6.

The magnetoresistance ratio (MR %) for PrSrMnCoO6

as a function of applied field (H) at various temperatures is

plotted in Fig. 2(b). The MR vs H plot shows a change in

slope across the TC. The compound shows giant MR of

�40% in an applied magnetic field of 7 T at 60 K. This MR

value is very large compared to that of the double perovskite

oxides, Sr2CrMoO6 (Ref. 17) and Sr2FeMoO6 (Ref. 18). The

negative sign for MR obtained in the broad temperature

range of 50–200 K suggests the dominant role of spin-de-

pendent scattering in the resistivity of this compound. The

site disorder at the B site does not seem to affect the magne-

toresistance in this compound. The slope change in the

MR% vs H graph at relatively high fields indicates quench-

ing of spin fluctuations in large magnetic fields. We have

also plotted MR vs M 2 at 100 K (in the magnetically ordered

state) and find that it has linear dependence (figure not

shown). This low temperature MR behavior is also observed

in other ferromagnets19 and could be attributed to the strain

effects due to the domain alignment in applied field.

The magnetic entropy change in PrSrMnCoO6 can be

obtained by using the experimental isothermal magnetization

data [Fig. 3(a)].20,21,22 Figure 3(b) shows the temperature de-

pendence of |DSM| curves for magnetic field change (DH)

from 0 to 5 T. The maximum change in magnetic entropy

(|DSM|max) is about �4.6 J/kg/K for a field change of 5 T.

The moderate value of |DSM|max is comparable to those

observed in contemporary double perovskite oxides.23 Apart

from the large |DSM|max, the relative cooling power (RCP) is

an important parameter to determine the efficiency of mag-

netic cooling. RCP is defined as RCP ¼ jDSMjmaxdTFWHM,

where dTFWHM is the full-width at half-maximum of |DSM|

vs T curve.21 The value of RCP obtained is about 257 J/kg

for 5 T, which is large compared to that in the other known

CMR manganites.21,24 The |DSM|max value is found to vary

linearly with the change in magnetic field as plotted in the

Fig. 3(c). This feature is preferred for efficient Ericsson-

cycle-based magnetic refrigeration. The large value of

MR%, MCE, and RCP compared to other double perov-

skites, easy preparation method, low processing cost of the

materials compared to the rare earth intermetallic com-

pounds, and high chemical stability make this compound a

promising candidate for applications in magnetoresistive

devices and magnetic refrigeration near transition

temperature.

In order to confirm the glassy magnetic behavior sug-

gested by the dc magnetization data, ac susceptibility has

also been measured as a function of temperature at different

frequencies (33, 133, 1333, and 9333 Hz) and is shown in

Fig. 4. The peak temperature is found to shift to higher

temperatures with increasing frequency following critical

slowing down model.25 In this model, the relaxation time s

is related to the correlation length n as s�nz. As n¼[(Tf�Tg)/

Tg], so s=s0 ¼ ½ðTf � TgÞ=Tg�
�zm

, where zm is the dynamical

exponent, Tf is the freezing temperature, and Tg is the glass

transition temperature. The fit to this model gives zm¼ 4.8

and s0¼10�6s. This value of s0 is much longer than that of

conventional spin glass (s0�10�13 s),25 which indicates that

the sample has magnetic clusters with weak intercluster

interactions. It may give rise to the slow increase in magnet-

ization near the magnetic transition and hence to a nearly

constant MCE over a broad temperature range. The moderate

FIG. 2. (Color online) (a). Temperature variation of electrical resistivity, q,

of PrSrMnCoO6. (Inset) Fit to variable range hopping model. (b) Field de-

pendence of magnetoresistance MR at different temperatures.
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values of MCE realized in this compound could stem from

the fact that the Co and Mn spins in the lattice may lead to

noncollinear magnetic ordering and hence nonsaturation of

magnetic moments even in large applied fields and some

degree of frustration/competition that leads to the magnetic

glassiness. The present study provides a key to design new

double perovskite oxide materials by careful substitution to

possibly obtain a first-order magnetic transition thereby

achieve large magnetocaloric effect.

IV. CONCLUSIONS

In summary, the polycrystalline double perovskite ox-

ide, PrSrMnCoO6 is synthesized by a sol-gel method. This

material orders ferromagnetically at TC¼ 150 K. The maxi-

mum magnetoresistance is found to be �40% at 60 K in

applied field of 7 T. It also shows a moderate magnetocaloric

effect near 150 K. The maximum entropy change at 155 K is

about �4.6 J/kg/K in a field change of 5 T.

1Y. Tokura, Colossal Magnetoresistance Oxides, edited by Y. Tokura (Gor-

don and Breach, New York, 2000).
2M. Fiebig, J. Phys. D: Appl. Phys. 38, R123 (2005).
3J. Androulakis, N. Katsarakis, J. Giapintzakis, N. Vouroutzis, E. Pavlidou,

K. Chrissafis, E. K. Polychroniadis, and V. Perdikatsis, J. Solid State

Chem. 173, 350 (2003).
4K.-I. Kobayashi, T. Kimura, H. Sawada, K. Terakura, and Y. Tokura, Na-

ture (London) 395, 677 (1998).
5J. H. Park, S. K. Kwon, and B. I. Min, Phys. Rev. B 65, 174401 (2002).
6W. Zhong, W. Liu, X. L. Wu, N. J. Tang, W. Chen, C. T. Au, and Y. W.

Du, Solid State Commun. 132, 157 (2004).
7K. Cherif, S. Zemni, J. Dhahri, J. Dhahri, M. Oumezzine, M. Ghedira, and

H. Vincent, J. Alloys Compd. 396, 29 (2005).
8R. N. Mahato, K. Kamalabharathi, K. Sethupathi, V. Sankaranarayanan, R.

Nirmala, A. K. Nigam, and J. Lamsal, J. Appl. Phys. 105, 07A908 (2009).
9D. N. H. Nam, R. Mathieu, P. Nordblad, N. V. Khiem, and N. X. Phuc,

Phys. Rev. B 62, 1027 (2000).
10A. K. Kundu, P. Nordblad, and C. N. R. Rao, J. Phys.:Condens. Matter.

18, 4809 (2006).
11S. Yanez-Vilar, M. Sanchez-Andujar, J. Rivas, and M. A. Senaris-Rodri-

guez, J. Alloys Compd. 485, 82 (2009).
12J. M. D. Coey, M. Viret, L. Ranno, and K. Ounadjela, Phys. Rev. Lett. 75,

3910 (1995).
13M. Viret, L. Ranno, and J. M. D. Coey, J. Appl. Phys. 81, 4964 (1997).
14M. Ziese and C. Srinitiwarawong, Phys. Rev. B 58, 11519 (1998).
15H. Zhu, X. J. Xu, L. Pi, and Y. H. Zhang, Phys. Rev. B 62, 6754 (2002).
16N. F. Mott,Metal-Insulator Transitions (Taylor & Francis, London, 1990).
17A. Arulraj, K. Ramesha, J. Gopalakrishnan, and C. N. R. Rao, J. Solid

State Chem. 155, 233 (2000).
18J. Navarro, L. I. Balcells, F. Sandiumenge, M. Bibes, A. Roig, B.

Martı́nez, and J. Fontcuberta, J. Phys.:Condens. Matter. 13, 8481

(2001).
19P. Schiffer, A. P. Ramirez, W. Bao, and S.-W. Cheong, Phys. Rev. Lett.

75, 3336 (1995).
20M.-H. Phan and S.-C. Yu, J. Magn. Magn. Mater. 308, 325 (2007).
21H. Terashita, J. J. Garbe, and J. J. Neumeier, Phys. Rev. B 70, 094403

(2004).
22V. K. Pecharsky and K. A. Gschneidner, Jr., Pure Appl. Chem. 75, 1383

(2007).
23W. Zhong, W. Liu, X. L. Wu, N. J. Tang, W. Chen, C. T. Au, and Y. W.

Du, Solid State Commun. 132, 157 (2004).
24N. S. Bingham, M. H. Phan, H. Srikanth, M. A. Torija, and C. Leighton, J.

Appl. Phys. 106, 023909 (2009).
25J. A. Mydosh, Spin Glasses: An Experimental Introduction (Taylor &

Francis, London, 1993).

FIG. 3. (Color online) (a) Magnetic field dependence of the magnetization

at selected temperatures in fields up to 5 T. (b) The magnetic entropy change

|DSM| as a function of temperature for various magnetic field changes. (c)

|DSM| as a function of the magnetic field change for PrSrMnCoO6.

FIG. 4. (Color online) The temperature variation of the real part of ac sus-

ceptibility, v0 of PrSrMnCoO6. (Inset) ln s vs. ln e data and linear fit.
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