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An electron paramagnetic resonance (EPR) study in the polycrystalline magnetoelectric YCrOs is car-
ried out at X-band (8.8-9.8 GHz) in the 300-510 K temperature range. For all the temperatures, the EPR
spectra show a single broad line attributable to Cr3* (S=3/2) ions. The onset of the ferro-paraelectric
transition has been determined from the temperature dependence of three main parameters deduced
from the EPR spectra: the peak-to-peak linewidth (AH,; ), the integrated intensity (Igpr) and the g-factor;
these parameters indicate a behavior in agreement with a diffuse phase transition. Low-field microwave
absorption (LFMA) is used to give a further knowledge on this material; where this technique also gives
evidence of the ferro-paraelectric transition.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The term multiferroic is associated with phenomena in which at
least two of the three properties ferroelectricity, ferromagnetism,
and ferroelasticity occur in the same material [1,2]. In particular,
the multiferroic materials in which ferroelectricity coexists with
a magnetic order are called magnetoelectrics [3]; representing a
kind of material in which magnetization can be induced by an elec-
tric field and electrical polarization by a magnetic field [4,5]. These
materials have received much attention in recent years because
of the possibility of new device applications envisaged from a
strong coupling between these parameters [6]. Some magneto-
electric materials exhibit a ferroelectric transition at a relatively
high temperature and a magnetic transition at lower temperature
[7,8].

In particular, the orthochromites RCrO3 (R=Y and rare earth)
are an interesting family of compounds showing a large variety
of physical and chemical properties, depending of the rare earth
ion lying in the A-site of the perovskite-type structure [9]. One of
these compounds is the YCrO3 perovskite, which has a crystalline
structure indexed as an orthorhombic cell with Pbnm space group
in a large number of works [9-11]. Industrial applications of the
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YCrO3 perovskite include its use as interconnection for the solid
oxide fuel cells [12], while in pure science it has been applied to
develop a model for defective structures [13]. Additionally, this
compound is an antiferromagnet with a weak ferromagnetism
below Ty = 140K [14-17]; where the Cr3* (S=3/2) ion is of primary
importance for the magnetic properties of this material. Also, the
YCrO3 perovskite is an intriguing ferroelectric material, since the
existence of ferroelectricity for their centrosymmetric crystalline
structure (Pbnm) [16,18]; with a Curie temperature (T¢) in the
410-450K range [16,19]. The off-centering distortion remains a
puzzle, for instance, Ramesha et al. [18] have proposed the con-
cept of ‘local non-centrosymmetry’ to account for the observed
permittivity peak and the small value of the polarization reported
by Serrao et al. [16]; arising from 0.01 A displacement of Cr3* ions
along the c axis with respect to the center of B octahedra, and which
it maintains the orthorhombic symmetry for the average crystallo-
graphic structure. For the above-mentioned, the weak ferroelectric
YCrOs is a representative of the split-order multiferroics, in which
the ferroelectric and magnetic orders arise consecutively at low
temperature.

On the other hand, the electron paramagnetic resonance (EPR)
is the most powerful spectroscopic method available to unambigu-
ously determine the valence state of paramagnetic ions [20,21],
local structural information, and symmetry of paramagnetic ions
incorporated in the structure [21,22]. Recently, this technique
has also allowed the investigation of the ferro-paraelectric tran-
sition in magnetoelectric materials [23,24]. Additionally, we have
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implemented a technique to measure non-resonant microwave
absorption around zero magnetic field [25], which has been denom-
inated low-field microwave absorption (LFMA). This technique has
been used to detect the magnetic [17,24,26] and electric [24,27]
transitions in materials, and provide a high sensitive detection of
magnetic and electric orders.

To our knowledge, however, studies of the magnetoelectric
YCrO3 with EPR and LFMA techniques are scarce. Recently, we have
published a microwave absorption study in YCrO3 perovskite at
low temperature [17]. In this work, the changes in the EPR line-
shape are studied for a polycrystalline sample of YCrOs3 in the
300-510K temperature range; these changes are quantified by
means of the following parameters: the peak-to-peak linewidth
(AHpp), the integrated intensity (Igpr) and the g-factor as a function
of temperature, through ferro-paraelectric transition. LFMA tech-
nique is used to give a further knowledge on this material, giving
also evidence of a diffuse electric transition.

2. Experimental details

Polycrystalline samples of YCrOs are prepared from stoichiometric amounts of
Y203 (99.99% purity) and Cr,03 (99.97% purity) by the standard solid-state reaction
method. Reagents are ground and mixed to obtain a homogeneous mixture, which
is followed by sintering at 1550 °C for 10 h under air atmosphere. The X-ray diffrac-
tion (XRD) of powder samples is obtained with a Philips X'Pert diffractometer using
the 1.5406 A CuKa line; XRD measurements are made at 300K. In this investiga-
tion, we used a JEOL JES-RES 3X spectrometer operating at X-band (8.8-9.8 GHz)
adequately modified [25]. For these studies, the microwave absorption response
with modulation (100 kHz) on the applied dc magnetic field (Hqc) is measured. The
microwave measurements were carried out in the 300-510K temperature range.
In EPR spectra, Hy. could be varied from 0 to 6000 G. During all the experiments a
speck of DPPH is used as a g-marker (g=2.0036) whose signal is subtracted digi-
tally to facilitate line shape fitting. LFMA measurements are performed using a Jeol
ES-ZCS2 zero-cross sweep unit that digitally compensates for any remanence in the
electromagnet, allowing the measurements to be carried out by cycling Hy. about
their zero value, continuously from —1000 to 1000 G with a standard deviation of
less than 0.2 G for the measured field. In the LFMA response, the sample is zero-field
heated to the desired temperature, and is then maintained at a fixed temperature
with a maximum deviation of +1K during the entire LFMA measurement (~4 min
of sweep).

3. Results and discussion

The XRD pattern of the polycrystalline sample is shown in Fig. 1.
All the diffraction lines are indexed as an orthorhombic structure
corresponding to space group Pnma, which are in good agreement
with the literature [19,28,29]; and it shows that our material is free
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Fig. 1. XRD pattern of the polycrystalline sample of YCrOs, sintering at 1550 °C for
10h.
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Fig. 2. EPR spectra of the magnetoelectric YCrO; for selected temperatures in the
300-510K temperature range; the solid lines correspond to the fits obtained from
Eq.(1).

of secondary phases, indicating that the microwave absorption is
due only to the YCrO; phase.

In Fig. 2, we show EPR spectra (dP/dH vs. magnetic field)
recorded in the 300-510K temperature range. It can be observed
that resonance spectra exhibit a single broad symmetric Lorentzian
line along the entire temperature range, due to the spin of the
Cr3* (S=3/2) ions. The derivative of microwave power absorption
with respect to static field (dP/dH) is fitted into the two-component
Lorentzian equation accounting for contributions from the clock-
wise and anticlockwise rotating components of the microwave
magnetic field [30,31], as follows:

P d ( AHpp AHpp )
O (1)
dH ~ dH \ (Hg. — Hres)? + AHZ,  (Hgc + Hres)? + AHZ,)

where Hy. and Hes are the applied magnetic field and the resonant
magnetic field, respectively. An extremely good fit is obtained for all
the EPR spectra, as is shown in Fig. 2. The temperature dependences
of the EPR parameters (AHpp, Igpr, and the g-factor) obtained from
these fits are plotted in Fig. 3.

Fig. 3(a) shows the temperature dependence of the peak-to-
peak linewidth (AHpp) for YCrO3 powders, which diminishes
monotonically as temperature increases from 300 to 430K. In
paramagnetic materials, the microwave absorption decreases as
temperature increases [21,22], and therefore the YCrO3 perovskite
has a behavior paramagnetic for this temperature region. As tem-
perature increases further, T>430K, AHp, decreases continuously
but with a lower change rate. This behavior could be due to a
ferro-paraelectric transition, as has been observed in other mag-
netoelectric materials [23,24], and that we confirmed directly
by means of dielectric measurements. Fig. 4 shows the thermal
variation of dielectric constant of the sample YCrO3 through the
ferro-paraelectric transition; where a broad peak is clearly seen
at about 450K. The dependence of the peak maxima with the
frequency indicates a diffuse phase transition rather than a clas-
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integral intensity — Igpz and (c) the g-factor in the 300-510K temperature range.
Solid lines are guides for the eye only.

sic ferro-paraelectric phase transition. Additionally, the behavior
of the transition around 450K is typical of a relaxor material
where the magnitude of the dielectric constant decreases with
the increase of the frequencies at the same time that the maxi-
mum is shifted to higher temperatures [32,33]. Then, we associate
the AHpp behavior to presence of a local non-centrosymmetry,
that it accompanies to ferro-paraelectric transition in this mate-
rial [16,18]; and which produces discreet variations in the vicinity
of the Cr3* ions, generating a reorganization of the spin-spin and
spin-magnetic field interactions. However, more evidence is gath-
ered below.

The temperature dependence of Igpg, which in the paramag-
netic phase is directly proportional to the static spin susceptibility

600 @ 500 Hz
® 1000 Hz
F A 2000 Hz

400

Dielectric Constant

200

T T T
400 450 500 550

Temperature (K)

Fig. 4. Temperature variations of the dielectric constant at several frequencies for
the magnetoelectric YCrO5 through the ferro-paraelectric transition.

[21,22], is shown in Fig. 3(b). Starting from room temperature,
Igpr decreases continuously as temperature increases, exhibiting
a minimum at 430K, followed by an increase until 475K; and
for T>475K, a slow decrease is observed. A very similar behavior
was observed in the magnetoelectric Pb(Feg 5sNbg 5)03, and that it
has been associated with a ferro-paraelectric phase transition [23].
Therefore, the minimum observed is due to onset of the dielectric
transition, where the change in electrical ordering caused by the
ferro-paraelectric phase transition leads to a redistribution of the
electron spins; and which is in concomitance with the local charac-
ter of the Cr off-centring, affecting the Cr-O-Cr angle that defines
these magnetic interactions. The Curie temperature obtained by
EPR technique is in a good agreement with our dielectric measure-
ments.

Fig. 3(c) shows the behavior of the g-factor vs. tempera-
ture, which is estimated from the resonance field (Hies), with
g=hv/ugHres; where h is the Planck constant, v is the frequency
and wp is the Bohr magneton. Our experiments give a g-factor
smaller than that of a free electron (g=2.0023, S=1/2), along the
entire temperature range. For a powder sample is expected that
the internal field affects are average, and we believe that the
observed variation of the g-factor with temperature is intrinsic to
sample. Additionally, this behavior can be explained through the
spin value of Cr3* (S=3/2) ions and to changes in the spin-orbit
coupling. The effective g-factor (g.sr) of a paramagnetic center is
given by g.;r=g(1 £k/A), where A is the crystal-field splitting and
Kk is the spin-orbit coupling constant. A gradual decrease of the
orbital ordering takes place when the temperature is increased
from 300 to 400K, originating a change in the spin-orbit cou-
pling as well as in the crystal-field splitting, and which can give
rise to the observed increase in the g-factor for this temper-
ature range. As the temperature increases further, the g-factor
decreases, with a local minimum at 430K (guin=1.8624); we
associate this feature with the onset of the ferro-paraelectric
phase transition. The additional g-factor increase (from 430K to
510K; g=1.8640) is associated with the paramagnetic behavior
of the Cr ions [23]. Additionally, in Fig. 3(c), we can estab-
lish two behavior regions that are limited to 430K, and that
they can be associated with the diffuse character of the ferro-
paraelectric transition [16,19]; which is detected starting from
400K.

We turn now to the LFMA results. Fig. 5(a) shows LFMA spectra
(dP/dH vs. magnetic field, around zero field) for selected tem-
peratures. The curves exhibit a linear behavior with a positive
slope and non-hysteretic traces. The positive slope implies that
this non-resonant microwave absorption is a minimum around
zero magnetic field, and that it increases with applied magnetic
field; in other words, this is a magnetic field-dependent absorp-
tion. LFMA lines show the absence of any irreversible microwave
energy-absorption process in the ordered and disordered electric
phases. This behavior contrasts strongly with the one shown by
other materials [26,34].

The LFMA line can be described by the experimental correlation:

a0 S(T)H (2)
where S(T) is the slope of the absorption line and that it depends
only on temperature.

Fig. 5(b) shows the behavior of the slope of the LFMA line
obtained of the fits for the 300-510K temperature range. Start-
ing from room temperature, as the temperature increased, the
slope decreases monotonically; reaching a minimum value at
Tmin =430K. This decreasing behavior is characteristic of a para-
magnetic phase [27], in a good agreement with the EPR results.
After T, when the temperature continues to increase, the slope
increases until 475K; for T>475K a slow decrease in slope is
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Fig. 5. (a) LFMA spectra for 295K and 430K, with Hp,oq =0.63 G and microwave
power of 1 mW; the solid lines correspond to the fits obtained from Eq. (2). (b) The
temperature dependence of the absorption line slope for temperature interval of
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observed. A very similar behavior has been previously observed
in other magnetoelectric material [27]. We associate the minimum
(Tiin) of this profile with the onset of the ferro-paraelectric tran-
sition, as it is suggested by dielectric measurements of the Fig. 4;
and which is accompanied for a local non-centrosymmetry [18].
Where it leads to a discreet redistribution of the Cr3* ions, originat-
ing a change in the relative orientation of magnetic moments; and it
affects the superexchange interactions between Cr ions, generating
a change in the microwave absorption dynamics.

Onthe other hand, it is necessary to mention that the microwave
absorption is related with the imaginary part of the magnetic per-
meability [35]. As the material under study is a dielectric, the only
current which can flow is the Maxwell displacement current (Ej;).
Since the sample, in the resonant cavity, is located in the place
of maximum ac magnetic field [25,27], the microwave absorption
must decrease when the dielectric permittivity (&) increases to
satisfy the boundary conditions (Dpgrmal = €Ein and Eout = Dout ~ 0;
where D is the displacement). The plot of dielectric constant vs.
temperature to several rf frequencies is illustrated in the Fig. 4,
where the dielectric constant shows a maximum at the temper-
ature of Curie. Therefore, the maximum in dielectric constant
should coincide with the minimum of the microwave absorption
close to the ferro-paraelectric transition. The Curie temperature
(Tinin =430K) obtained by the technique LFMA is in a good agree-
ment with our dielectric measurements. The whole profile of the
slope of the LFMA line depends on the thermal dependence of the
absorption dynamics of the paramagnetic moments around ferro-
paraelectric transition.

Additionally, the microwave absorption dynamics shows char-
acteristic of a diffuse phase transition, i.e., the transition region
is extended throughout a wide temperature range. This charac-

teristic can be ascribed to that the relaxor materials are highly
inhomogeneous materials in which a diffuse transition is due to
a multitude of local phase transitions with different Curie tem-
peratures in a broad range of temperature [36], as it is shown in
YCrOs.

4. Conclusions

The changes in the parameters AHpp, Igpr and g-factor in the
EPR spectra for the magnetoelectric YCrOs at Tp,j, =430K, are inter-
preted as a diffuse ferro-paraelectric transition. This transition, that
is associated with a local non-centrosymmetry, promotes a spin
redistribution of Cr3* ions, which creates changes in dynamics of
microwave absorption in the magnetoelectric YCrOs. For all tem-
peratures, LFMA spectra showed straight lines with positive slope
and non-hysteretic traces. The spectral changes for the plot of the
slope vs. temperature give also evidence of a ferro-paraelectric
transition and also suggest a diffuse character, with a very high
detection sensibility.
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