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The dielectric constant and loss of perovskite DyMn1xFexO3 samples show strong dispersion in
various frequencies, which is indicative of relaxation. The activation energies were obtained
through Arrhenius law ﬁtting and range from 0.213 eV to 0.385 eV. The Fe content dependence of
the characteristic frequency f0 and the activation energy Ea shows two transitions that are well
consistent with the change in orbital ordering. Meanwhile, different magnetic orderings could
C 2012 American Institute of Physics.
affect the relaxation and induce the change in Ea. V
[doi:10.1063/1.3681807]
I. INTRODUCTION

The giant magnetoresistance effect has aroused great interest in physics during the past several years and has been
widely used in electronic memory storage.1,2 The next generation memory and computation devices are expected to be
based on multiferroic materials, in which the spin degree of
freedom can be controlled apart from the charge degree of
freedom.3–6 A great amount of work has been done to
explore mutual control of these two degrees of freedoms, the
so-called magnetoelectric (ME) coupling.7–9 On the other
hand, the dielectric property changes around the magnetic
phase transition can offer a way to achieve magnetodielectric
coupling,10–13 which also provides an alternative way to
achieve more operation of degrees of freedoms. Magnetic
ﬁeld induced dielectric constant changes are observed in
metastable orthorhombic HoMnO3 and YMnO3 below their
incommensurate antiferromagnetic (AFM) transition temperature of 42 K.14 To achieve real applications based on spin
related dielectric properties, it seems to be necessary to study
their frequency and temperature dependence. Recently,
dielectric relaxation was studied in La2MgMnO6 (Ref. 15)
and La2NiMnO6 (Refs. 16 and 17) with double perovskite
structure. However, up to now, there have been few systematic studies on dielectric relaxation in a magnetic system,
and there are few reports on the relation between dielectric
relaxation and subtle structural change and magnetic ordering. In the multiferroic DyMn1-xFexO3 system, there is continuous structural and magnetic evolution.18 The static JahnTeller orbital ordering becomes unstable and is replaced by
dynamic orbital ordering as x increases from 0 to 0.5, while
the collinear AFM transition temperature shifts to higher
temperature. Orbital ordering disappears in the samples with
x > 0.5, and the samples show canted AFM ordering and experience spin reorientation from canted AFM to collinear
AFM at relatively low temperature. Hence, this is a good
magnetic system for spin and structure related dielectric
study. In this article, we report the dielectric relaxation in the
a)
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DyMn1–xFexO3 system at low temperature over a wide frequency range. There are two transitions of x dependent activation energies, which are found to be consistent with the
transitions of orbital ordering, and magnetic ordering as
well. This indicates that there are probably strong correlations between dielectric relaxation, and structural and magnetic properties.
II. EXPERIMENTAL DETAILS

Polycrystalline samples of DyMn1xFexO3 (x ¼ 0, 0.1,
0.2, 0.33, 0.5, 0.6, 0.67, 0.9) were made by the traditional
solid state reaction method from Dy2O3 (99.9%), MnCO3
(99.9%), and Fe2O3 (99.9%) powder bought from SigmaAldrich. Stoichiometric amounts of raw oxide powder were
weighed carefully and mixed in an agate mortar, followed by
pressing into pellets 15 mm in diameter at 20 MPa. Samples
were calcined at 950  C for 10 h and sintered at 1440  C for
6 h. The crystal structures of the samples were examined by
x-ray diffraction (XRD, Model: GBC MMA), using Cu Ka
radiation at k ¼ 1.54056 Å. The Rietveld reﬁnement calculations were conducted via FULLPROF software. An Agilent
4294 A precise impedance analyzer was employed for dielectric property measurements, scanning from 1 kHz to 1 MHz.
III. RESULTS AND DISCUSSION
A. Structure

The results of structural characterization of all samples
by XRD are given in Fig. 1(a). We employed Rietveld analysis to reﬁne the diffraction patterns. All XRD patterns can be
assigned to the single phase orthorhombic structure with
space group Pbnm, and no detectable impurity phase is present. The lattice parameter dependence on the Fe content,
derived from the Rietveld reﬁnement, is shown in Fig. 1(b).
With increasing Fe content, the b-axis parameter of the unit
cell becomes monotonically shorter, the c-axis parameter
becomes longer in a linear way, and the a-axis parameter
only increases slightly.pConsistent
with our previous work,18
ﬃﬃﬃ
the relation b > a > c/ 2 is found in samples with x < 0.33,
showing a static Jahn-Teller (JT) distortion (cooperative
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FIG. 1. (Color online) (a) X-ray diffraction patterns of all samples, (b) x dependence of lattice parameters.

antiferroic JT orbital ordering) superimposed on high temperature O-type (i.e., not JTpdistorted)
orthorhombic strucﬃﬃﬃ
ture.19,20 As x > 0.33, a > c/ 2 is found. According to the
reported work, the static orbital ordering is expected to be
absent and replaced by weaker and weaker dynamic orbital
ordering when x varies from 0.33 to 0.5, and the orbital
ordering probably disappears in samples with x > 0.5.
B. Dielectric relaxation

The temperature dependence of the dielectric constant
and loss at different frequencies is shown in Fig. 2 for representative samples with x ¼ 0.2 (shown in Fig. 2(a) and 2(c))
and 0.9 (shown in Figs. 2(b) and 2(d)). Strong relaxation of
the dielectric constant and loss is observed in the investi-

gated frequency range, where the temperatures of dielectric
constant/loss peaks shift to higher temperature with increasing frequency. Comparing the relaxation processes between
x ¼ 0.2 and x ¼ 0.9, it is clear that loss peak at a certain frequency also shifts strongly. This indicates that Fe doping can
introduce signiﬁcant change into the relaxation processes.
To calculate the activation energy of the relaxation process, we employ the modiﬁed Debye relaxation model, as
shown in Eq. (1), to ﬁt the experimental data for the sample
with x ¼ 0. This is because the loss peak information is difﬁcult to extract from the loss-frequency curves.
er ¼ e0 þ ie00 ¼ e1 þ

e0  e1
1 þ ðixsÞ1a

FIG. 2. (Color online) Temperature dependence of the real dielectric constants and loss for representative samples.
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while the Arrhenius law ﬁtting results are given in Figs.
4(b)4(h).
The Fe content dependence of the characteristic frequency
f0 and activation energy Ea is shown in Fig. 5. The characteristic frequency f0 decreases sharply from 1.55  1011 Hz for
x ¼ 0 to 3.8  109 Hz for x ¼ 0.2, increases dramatically from
x ¼ 0.33 to x ¼ 0.6, and then drop rapidly again when x further
increases. The activation energy Ea increases slowly when x
varies from 0 to 0.2 and then goes up signiﬁcantly until
x ¼ 0.6, after which it declines quickly. Therefore, two obvious
transitions of f0 and Ea that are dependent on Fe content can be
indentiﬁed clearly, and they are well matched to each other.
FIG. 3. (Color online) Frequency dependence of the real dielectric constant
0
e at various temperatures: scattered symbols, experimental data; lines, the
output of ﬁtting via the modiﬁed Debye equation.

where e0 /e1 is the static/very high frequency permittivity, x
is the angular frequency, s is the relaxation time, and a is a
parameter to describe the degree of difference from standard
Debye relaxation. The data were only collected below the
temperature of the loss peak in 1 kHz. The ﬁtting results are
shown in Fig. 3. A series of relaxation times s were obtained,
and it is found that they follow the Arrhenius law


Ea
;
(2)
s ¼ s0 exp
kB T
where s0 is the relaxation time at inﬁnite temperature (preexponential factor), Ea is the relaxation activation energy,
kB is the Boltzmann constant, and T is the temperature.
The Arrhenius law ﬁtting results are given in Fig. 4(a)
with Ea ¼ 0.213 eV and s0 ¼ 6.43  1012 s. Considering the
relaxation s0  f0 ¼ 1, where f0 is the characteristic frequency
at inﬁnite temperature, we can obtain an f0 of 1.55  1011 Hz
for the sample with x ¼ 0.
For all the other samples, the dielectric loss peak can be
well indentiﬁed. The frequencies and temperatures of loss
peaks follow the Arrhenius law


Ea
;
(3)
f ¼ f0 exp
kB T

IV. DISCUSSION

It is interesting that these two transitions correspond to
structural and magnetic transitions in this system.18 The ﬁrst
transition between x ¼ 0.2 and x ¼ 0.33 is consistent with the
structural change where static orbital ordering disappears
and is replaced by weaker dynamic orbital ordering due to
weaker Jahn-Teller distortion. The transition between
x ¼ 0.5 and x ¼ 0.6 is found to correspond to the disappearance of dynamic orbital ordering and the appearance of spin
reorientation. These two transitions are also consistent with
the result reported by Chiang21 etc. In their work, the static
orbital ordering becomes unstable in the sample with x
around 0.3 shown in Fig. 1(b) and begins to disappear in the
sample with x around 0.5 shown in Fig. 4(a) in Ref. 21.
Therefore, the structural variation is probably responsible for
the variation in the characteristic frequency f0 and the activation energy Ea. Otherwise, the magnetic orderings seem to
affect the relaxation as well. With x increasing from 0, the
Ea increases until x ¼ 0.6, during which the AFM transition
temperature increases from 39 K to 400 K.18 The enhanced
superexchange interaction restricts the electron transfer and
consequently introduces higher Ea. For x  0.6, spin reorientation (SR, from the canted AFM state to the collinear AFM
state in this system) appears, and the transition temperature
of SR decreases with increasing x.18 The relaxation process
becomes easier because the canted AFM states allow a

FIG. 4. (Color online) Arrhenius law ﬁtting for all samples and corresponding activation energies at low temperature.
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FIG. 5. (Color online) Fe content
dependence of characteristic frequency
f0 (left) and activation energy Ea (right).

higher chance for electron transfer, compared with the collinear AFM state, and this effect introduces a smaller Ea.
The small amounts of Mn4 þ /Mn2þ and Fe2þ, due to the inevitable presence of oxygen defects, which occur often in
manganites22 and ferrites,23 are likely to be responsible
for the relaxation process. The electron can hop in an external ac electric ﬁeld between mixed-valence ions. Due to the
different ionic radii of the ions with different valences, the
hopping consequently induces lattice deformation and introduces polaronic distortion.
V. SUMMARY

In conclusion, we prepared perovskite DyMn1xFexO3
samples by solid state reaction. All samples are pure phase
and show orthorhombic structure. Strong Jahn-Teller distortion is expected to favor orbital ordering in the samples with
x ¼ 0-0.2. However, orbital ordering becomes weaker with
increasing x and disappears in the samples with x > 0.5. The
dielectric constant and loss show strong dielectric dispersion
in various frequencies, which is indicative of the relaxation.
The frequencies and temperatures of the loss peaks follow
the Arrhenius law, and the activation energies have been
obtained, ranging from 0.23 eV to 0.36 eV. The Fe content
dependence of the characteristic frequencies and activation
energies shows a similar trend, which is well consistent with
the change in the orbital ordering. In the light of this, dielectric and magnetic properties may be modiﬁed simultaneously
by the variation in the structure because the magnetic properties of this system are also strongly related with the
structure.
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