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We present here the detailed structural, magnetic, and magnetodielectric properties of

polycrystalline DyFe0.5Cr0.5O3. Rietveld refinement reveals that DyFe0.5Cr0.5O3 crystallizes in an

orthorhombic structure, with Pnma space group, having a disordered arrangement of Fe and Cr ions.

An anomaly observed around 250K in the temperature dependence of magnetization indicates an

onset of magnetic ordering. The field dependent magnetization of DyFe0.5Cr0.5O3 at 13K, 120K,

and 240K has a small loop indicating weak ferromagnetic nature and the corresponding curve at 5K

indicates a metamagnetic behavior. The small loop and the unsaturated magnetization even for a

high applied magnetic field of 7T indicate a canted antiferromagnetic structure, the canting can be

explained due to Dzyaloshinsky–Moriya antisymmetric exchange interaction. The temperature

dependence of the dielectric permittivity shows a transition around 500K. An anomaly in the

temperature dependence of magnetization (supported by differential scanning calorimetry)

corresponding to this dielectric transition suggests the possibility of magnetodielectric effect in

DyFe0.5Cr0.5O3.VC 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4870139]

I. INTRODUCTION

Recently, there is a growing surge for the multiferroic

materials with magnetoelectric (ME) coupling near room

temperature as they find technological applications in field

such as spintronics.1–3 A large amount of work has been done

to explore the applications by tuning the electric and mag-

netic order parameters to show large magnetoelectric cou-

pling.4,5 Materials possessing magnetodielectric or

magnetocapacitance effect has been reported in which an

anomaly is observed in the temperature dependent dielectric

curve corresponding to the magnetic ordering temperature of

the materials.6 Perovskites, with general formula

ABxB
0
1�xO3 (A is rare earth ion or Yttrium and B, B0 a tran-

sition metal), are known to exhibit multiferroic property

where some materials exhibit magnetic ordering temperature

well below the room temperature and the ferroelectric transi-

tion temperature far above the room temperature.7 But from

the application point of view, the materials with transition

temperatures near to room temperature are more suitable.

YFe0.5Cr0.5O3 is reported to have magnetic ordering tempera-

ture around 275K and a diffused ferroelectric transition at

around 507K (at 10 kHz). Neutron diffraction studies on

YFe0.5Cr0.5O3 shows a canted G-type antiferromagnetic

structure (GzFy) below the Neel temperature, TN� 275K.

Near to the ferroelectric transition an anomaly is observed in

the magnetization data which indicates the possibility of mag-

netodielectric effect.8

The parent material for DyFe0.5Cr0.5O3 (DFC), DyFeO3

is well known to show Morin transition, where the Fe3þ

spins in single crystal reorient from C4¼GxAyFz (canted

antiferromagnet) to C1¼AxGyCz (collinear antiferromagnet)

around 35K.9 A gigantic magnetoelectric effect is reported

for DyFeO3 single crystal with a linear-ME tensor compo-

nent as large as azz� 2.4� 10�2 esu.10 Multiferroic DyFeO3

is having Pnma space group with magnetic ordering temper-

ature TN
Fe
� 640K and TN

Dy
� 4K.11,12 Further, DyCrO3 is

reported as a distorted perovskite with Pbnm space group

and is having a G-type antiferromagnetic structure with

TN
Cr
� 146K and TN

Dy
� 2K.13,14 In this paper, the struc-

tural, magnetic, and dielectric properties of DyFe0.5Cr0.5O3

are investigated probing the possibility of magnetodielectric

behavior in the material.

II. EXPERIMENTAL

Polycrystalline sample of DFC is synthesized by solid

state reaction method. Stoichiometric amounts of Dy2O3,

Cr2O3 and Fe2O3 are mixed and heated at 1423K for 12 h in

air with intermittent grinding. Further, the calcined powders

are pressed into disc shaped pellets of 8mm diameter and

1mm thickness using polyvinyl alcohol as the binding me-

dium by hydraulic press and are sintered at 1423K for 6 h.

Prior to the dielectric and P-E hysteresis loop measurements,

the pellets are electroded with silver paint and heated at

573K for 1 h.

X-ray diffraction (XRD) data for Rietveld refinement

were recorded in the range 10� � 2h� 90� at room tempera-

ture with a step size of 0.01� using PANalytical X’Pert Pro

X-ray diffractometer [Cu Ka (k¼ 1.5406 Å)]. Rietveld

refinement of the powder diffraction data of DFC was per-

formed using General Structure Analysis System (GSAS).15

The crystal structure was built using VESTA software with

the refined crystal parameters.16 Temperature dependent

[zero field cooled (ZFC) and field cooled (FC)] and field
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dependent magnetization measurements were performed

using superconducting quantum interference device suscep-

tometer (MPMS, Quantum Design) in the temperature range

5K–320K and fields up to 67T. The high temperature mag-

netic measurement was performed using a Vibrating Sample

Magnetometer (Lakeshore VSM 7410) in the temperature

range 300K–800K in a magnetic field of 0.2 T. The temper-

ature dependence of dielectric permittivity and dielectric

loss was measured from 305K to 573K in the frequency

range 100Hz–1MHz using N4L (PSM1735) NumetriQ

phase sensitive multimeter. The polarization-electric field

(P-E) hysteresis loop measurement was carried out using pre-

cision premier II ferroelectric loop tracer (Radiant

Technologies, USA) with a maximum field of 30 kV/cm.

Differential scanning calorimetry (DSC) is done for DFC in

the temperature range 300K–700K using DSC 200PC

PHOX (NETZSCH).

III. RESULTS AND DISCUSSION

Phase purity of the sample was confirmed by X-ray dif-

fraction technique. The room temperature Rietveld refinement

plot for the X-ray diffraction pattern of DFC is shown in

Figure 1. From the refinement of DFC, it is observed that the

sample crystallizes in an orthorhombic structure (Pnma) which

is same as for DyFeO3. The refined lattice parameters of DFC

are a¼ 5.5560(1) Å, b¼ 7.5886(1) Å, c¼ 5.2865(1) Å, and

V¼ 222.896(3) Å3, respectively. The low value of the

R-factors, Rwp¼ 2.30%, Rp¼ 1.77%, and the goodness of fit,

v2¼ 1.16 shows good agreement between the calculated and

observed patterns. The crystal structure of DFC with the dis-

torted octahedra of Fe and Cr ions at the B-site is shown in

inset of Figure 1.

The temperature dependence of magnetization (ZFC and

FC) for DFC carried out at applied field of 0.1 T is shown in

Figure 2. Observed anomaly around 250K in the temperature

dependence of magnetization indicates an onset of magnetic

ordering. The temperature dependence of inverse susceptibil-

ity which clearly shows the signature of the anomaly at

around 250K is shown in the inset of Figure 2. As the tem-

perature decreases from room temperature, the magnetiza-

tion increases and reaches a maximum at 13K and drops

sharply. The peak at around 13K is due to the small ordered

magnetic moment of Dy3þ as evidenced from the large mag-

netization observed in the M vs. H at 13K (Figure 3).17

Further, a metamagnetic behavior is observed in the field

dependence of magnetization (M vs. H) at 5K as shown in

Figure 3. The M vs. H shows an antiferromagnetic behavior at

13K, 120K, and 240K, a small loop at these temperatures (at

lower fields) depicts the weak ferromagnetic nature of the sam-

ple. The low field M vs. H at 13K is shown in inset of Figure

3. The small loop at low fields and the unsaturated magnetiza-

tion even for a high applied magnetic field of 7T indicate

a canted antiferromagnetic structure. The canting of the

spins in these perovskites can be explained due to

Dzyaloshinsky–Moriya antisymmetric exchange interaction.8

Figure 4 shows the temperature dependence of magnetiza-

tion for an applied field of 0.2 T. An anomaly is observed in

the magnetization curve at temperature corresponding to the

relaxor like transition in the dielectric curve [will be discussed

later], indicating the possibility of magnetodielectric effect in

DFC. The derivative of the magnetization with respect to tem-

perature indicating the anomalies is shown in inset (a) of

Figure 4. The differential scanning calorimetry data also show

a broad peak around this temperature further supporting the

dielectric transition and the magnetic anomaly (inset (b) of

Figure 4). There is also an anomaly corresponding to the mag-

netic transition temperature (TN� 640K) of DyFeO3. This

reveals that DFC retains the properties of the parent sample

establishing that it contains Fe-O-Fe interactions, which can

be attributed to the B-site disorder in DFC.8,18

The temperature dependence of the dielectric permittiv-

ity (er
0) and dielectric loss (tan d) of DFC at different fre-

quencies are shown in Figure 5. The dielectric curve shows a

broad peak which corresponds to relaxor like transition at

around 500K for 10 kHz which is evident from the shift of

dielectric maxima to higher temperature as the frequency

increases. Relaxor kind of behavior may be attributed to the

randomly distributed Fe and Cr ions in the B site.19 The

dielectric permittivity at 330K for DFC is around 15 for

1 kHz which is comparable with that of DyFeO3 nanocrys-

tals.20 As the temperature increases, the dielectric permittiv-

ity increases and reaches maxima of around 45 for 1 kHz and

then decreases. The maximum dielectric constant value

FIG. 1. Room temperature Rietveld refinement plot of DyFe0.5Cr0.5O3

[observed (Iobs), calculated (Icalc), and difference (Iobs � Icalc) profiles]. Inset

shows the crystal structure.

FIG. 2. Temperature dependence of magnetization (M) (at low tempera-

tures) at 0.1 T under ZFC and FC conditions for DyFe0.5Cr0.5O3. Inset shows

the temperature dependence of inverse susceptibility which shows a clear

anomaly at �250K.
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decreases from 45 to 15 as the frequency increases from

1 kHz to 100 kHz. The increase in the dielectric loss with the

increase in temperature may be due to an increase in the

number of charge carriers by thermal activation. Inset of

Figure 5 shows the room temperature P-E hysteresis loops of

DFC at different applied electric field and it shows that DFC

exhibits a weak ferroelectric behavior at room temperature.

IV. CONCLUSIONS

DyFe0.5Cr0.5O3 crystallizes in the orthorhombic struc-

ture with Pnma space group. Observed anomaly around

250K in the temperature dependence of magnetization indi-

cates an onset of magnetic ordering which is also evident

from the inverse susceptibility curve. The field dependence

of magnetization of DyFe0.5Cr0.5O3 at 5K indicates a meta-

magnetic behavior. At 13K, 120K, and 240K, a small loop

is observed at lower fields indicating weak ferromagnetic na-

ture. The small loop and the unsaturated magnetization even

for a high applied magnetic field of 7 T indicate a canted

antiferromagnetic structure for the sample. An anomaly in

the temperature dependence of magnetization corresponding

to the relaxor like transition at around 500K suggests the

possibility of magnetodielectric effect in DyFe0.5Cr0.5O3.

Differential scanning calorimetry curve shows a broad peak

around 535K, which supports the dielectric transition and

anomaly in the magnetization curve.
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FIG. 3. Field dependence of magnetization (M) of DyFe0.5Cr0.5O3 at differ-

ent temperatures. Inset shows the small loop at lower fields indicating the

weak ferromagnetic nature at 13K.

FIG. 4. Temperature dependence of magnetization (M) (at high tempera-

tures) of DyFe0.5Cr0.5O3 at 0.2 T. The anomalous behavior is marked by

arrows hints the possibility of magnetodielectric effect in DyFe0.5Cr0.5O3.

Inset: (a) the derivative of magnetization with respect to temperature and (b)

differential scanning calorimetry curve of DyFe0.5Cr0.5O3.

FIG. 5. Temperature dependence of dielectric permittivity (top panel) and

dielectric loss (bottom panel) of DyFe0.5Cr0.5O3 at different frequencies. P-E

hysteresis loop is shown in the inset of bottom panel.
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