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We report on anomalies in the dielectric and optical phonon spectra in bulk orthorhombic distorted

perovskite LaCrO3 near an antiferromagnetic transition at 290K. These anomalies were tracked

using temperature dependent (200K–320K) dielectric and Raman spectroscopy. We observed a

blue-shift for the B3g(3) optical phonon mode coincident with the onset of antiferromagnetic ordering

of LaCrO3 in conjunction with a broad dielectric anomaly near the N�eel temperature. The dielectric

and optical phonon anomalies are discussed in the context of the observed antiferromagnetic

transition in temperature dependent magnetic studies.VC 2013 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4824919]

The coupling among charge, lattice, and magnetic (spin

and orbital) degrees of freedom in transition metal oxides is

a widely investigated phenomenon and has been studied the-

oretically and experimentally in materials exhibiting colossal

magnetoresistance, high temperature superconductivity,

half-metallicity, and recently multiferroicity.1–4 It is there-

fore essential to understand the coupling between magnetic

and dielectric properties and how these relate with the under-

lying physical phenomenon. Furthermore, spin degrees of

freedom in conjunction with lattice ordering may provide

new class of multifunctional materials. Coupled magnetic

and dielectric properties of materials may be utilized for

devices such as magnetic sensors, tunable filters, and spin-

charge transducers. LaCrO3 is a GdFeO3-type distorted per-

ovskite system that crystallizes in an orthorhombic structure

with space group Pnma (D16
2h), Z¼ 4.5,6 This material exhib-

its a phase transition from the high temperature paramagnetic

to the low temperature antiferromagnetic phase with a N�eel

temperature TN� 290K.6 This magnetic transition particu-

larly at room temperature makes LaCrO3 interesting material

system to study magnetodielectric properties as it may find

several device applications. The orthorhombic Pnma LaCrO3

system, with 4 formula units per unit cell (4�LaCrO3)

exhibits 24 Raman active phonon modes. Factor group anal-

ysis at the C point suggests CRaman¼ 7Agþ 5B1gþ 7B2g

þ 5B3g, enumerating the 24 Raman active modes for

LaCrO3. The first-order Raman-active phonons modes (at

the C point) below 600 cm�1 have been studied in detail by

Iliev et al.7 in the low-temperature orthorhombic phase

Pnma (<528K) and high-temperature rhombohedral phase

R�3c (>528K). The specific vibrational modes are assigned

according to their symmetry properties by Iliev et al.7

However, the cross correlations among different properties

such as phonon, spin, and dielectric response in this material

remain unclear. In this report, we will discuss the effects of

the magnetic transition on the phonon spectra and dielectric

response and determine the phonon modes most strongly

coupled to the antiferromagnetic phase transition based on

temperature dependent Raman spectroscopic studies.

LaCrO3 ceramic samples were prepared by conventional

solid state reactions. The stoichimetric ratio of high purity of

binary oxides La2O3 (99.99% Alfa Aesar) and Cr2O3

(99.997% Alfa Aesar) powders were mixed and ground, fol-

lowed by two thermal treatments at 850 �C for 48 h in con-

junction with intermediate grindings. A light green colour for

the LaCrO3 powder was observed after the final heat treat-

ment.8 The phase purity of this material was confirmed using

room temperature powder X-ray diffraction (PXRD) experi-

ments with Cu Ka (1.5406 Å) radiation, and the measured

PXRD pattern confirms the orthorhombic Pnma structure of

LaCrO3. Temperature and field dependent magnetic measure-

ments were carried out using the standard options available in

Quantum Design Physical Property Measurement System

(PPMS). We carried out temperature dependent Raman spec-

troscopic measurement using a Jobin-Yvon Horiba Triax 550

spectrometer, assisted with a liquid-nitrogen cooled CCD de-

tector, an Olympus model BX42 microscope, and 514.5 nm

argon ion laser. The scattered light was collected with the

same microscope objective and focused on the entrance slit of

the spectrometer with a 1200 line/mm diffraction grating.

Dielectric measurements were carried out on cold pressed pel-

lets in parallel plate geometry, with top and bottom electrodes

fashioned from silver epoxy using an Agilent LCR meter.

The PXRD data for LaCrO3 are shown in Fig. 1 and are

consistent with the expected orthorhombic Pnma structure.6,7

These XRD data were refined to Pnma space group using

GSAS software,9 and a good fit was observed with R factors,

wRp¼ 8.9%, Rp¼ 4.3%, and v
2
¼ 1.27. The refined lattice

constants and volume of the unit cell are a¼ 5.479(1) Å,

b¼ 7.759(2) Å, and c¼ 5.516(1) Å and V¼ 234.9 Å3, respec-

tively, which are consistent with previous reports.6,7 The

observed bond angle Cr-O1-Cr (�160�) has a crucial role in

dielectric and magnetic behavior of orthorhombically dis-

torted perovskite LaCrO3. We carried out temperature and

frequency dependent ac magnetic measurements, which are
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plotted in Fig. 2. The plots show the magnetic susceptibility

(v0) versus temperature at frequencies of 0.1, 0.3, 1.0, 3.0,

and 10.0 kHz. Bulk LaCrO3 shows an antiferromagnetic

phase transition near TN¼ 290K from high temperature par-

amagnetic phase. The imaginary part of magnetic suscepti-

bility (v00) has no anomaly in the observed temperature range

(not shown here). The frequency independent antiferromag-

netic transition in LaCrO3 confirms a long range magnetic

ordering and eliminates the possibility of magnetic clusters

or impurities, which typically show a frequency dependent

response.10 Additionally, the sharp increase in magnetization

near the N�eel temperature is characteristic of weak ferro-

magnetism,11 which may exist in a canted antiferromagnetic

material as is also the case for LaCrO3. The weak ferromag-

netism observed in LaCrO3 is consistent with our ab initio

studies, where non-collinear spin arrangements in conjunc-

tion with spin-orbit coupling have been observed, leading to

non-zero total magnetization (0.34 lB per Cr3þ), substantiat-

ing the experimental studies.12

In an ideal cubic perovskite structure, with Pm�3m space

group and multiplicity Z¼ 1, all atoms are at centrosymmet-

ric sites, so there are no Raman active modes for this struc-

ture. However, as for GdFeO3-type distorted perovskite

structures, LaCrO3 with Pnma space group and multiplicity

Z¼ 4 shows four nonequivalent atomic positions: La

(x, 0.25, z), Cr (0.5, 0, 0), O1 (x, 0.25, z), O2(x, y, z). Among

these only Cr is at a centrosymmetric site. The Raman spec-

tra recorded at different temperatures between 200K and

320K are shown in Fig. 3(a). The Raman active phonons

modes are identified and are in agreement with the reported

values.7 The Raman spectra at different temperatures have

been shifted vertically for clarity. We observed 11 Raman

active modes for bulk LaCrO3 powder samples; these are

almost temperature independent except the B3g(3) mode. For

clarity, the Raman spectra for B3g(3) optical mode is plotted

in Fig. 3(b). This optical phonon mode exhibits a clear blue

shift of approximately 4 cm�1 near the antiferromagnetic

ordering temperature.

Superexchange through the Cr-O1-Cr chains is responsi-

ble for the magnetic ordering in LaCrO3 system. Therefore,

the vibrational motions of Cr and O and more specifically the

Cr-O1-Cr groups may be affected upon the onset of magnetic

ordering in this system.13 Cr-O1-Cr undergoes out of phase

scissoring, associated with the B3g(3) optical phonon mode.7

This observed anomaly in B3g(3) phonon mode near magnetic

ordering may be associated with spin-phonon coupling medi-

ated by spin-orbit coupling in LaCrO3 system. We propose

that the increased energy of the B3g(3) optical phonon mode

is mainly associated with changes in the dynamical response

of Cr-O1-Cr atomic arrangements in the antiferromagnetic

phase. The changes in the optical phonons are most directly

FIG. 1. Rietveld refined powder XRD pattern of LaCrO3 sample using

GSAS. Difference (Diff) between observed (Obs) and calculated (Calc)

pattern is shown. Inset: the magnified view of peaks around 32.59� which

clearly orthorhombic splitting of peaks.

FIG. 2. Temperature dependence of ac magnetic susceptibility v
0, at differ-

ent listed frequencies recorded using applied magnetic field of 15Oe.

FIG. 3. (a) Raman spectra for LaCrO3 ceramic sample recorded at different

temperatures in the range 200K–320K and (b) the temperature dependent

Raman shift variation of B3g(3) optical phonon mode while inset shows the

magnified view this peak.
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associated with changes in the polarizability, which can come

from a change in the effective spring constant on magnetic

ordering as discussed earlier.13 Coupling between the lattice

and magnetic degrees of freedom can also produce changes

in the dielectric constant associated with long range magnetic

ordering. Such magnetodielectric coupling has been observed

in a wide range of insulating magnetic materials including

EuTiO3 (Ref. 14) and SeCuO3 (Refs. 13 and 15) as well as

multiferroic systems such as the orthorhombic manganites

RMnO3 (Ref. 16) and Ni3V2O8 (Ref. 17) at the onset of ferro-

electric order.

To investigate possible magnetodielectric coupling in

LaCrO3, we carried out temperature dependent dielectric

constant measurements in the temperature range from

225K to 300K at different frequencies. Plots of the specific

capacitance (¼(C-Cmax(500 kHz))/Cmax(500 kHz)) or rela-

tive dielectric constant as a function of temperature are

shown in Fig. 4. We observed a clear dielectric anomaly

near the antiferromagnetic transition temperature �290K.

However, it is important to note that we are using the term

“magnetodielectric” to refer instead to the intrinsic coupling

between the dielectric response and magnetic structure,

which does not depend on any external field. There are par-

ticular advantages identifying magnetodielectric coupling by

looking at changes in the dielectric response at a magnetic

transition in zero magnetic field. One of the most significant

is that potential Maxwell-Wagner effects that can plague

conventional magnetodielectric measurements are absent in

these studies. Additionally, these measurements do not

require only temperature control, but not an external field,

which may be beneficial for certain studies that can be diffi-

cult to integrate with a magnetic field (e.g., certain optical

studies). More interestingly, we do not observe any signifi-

cant dielectric relaxation. This confirms the presence of long

range ordering in bulk LaCrO3, consistent with our magnetic

measurements. The shift in the dielectric constant on mag-

netic ordering can be attributed to variations in the optical

phonon frequencies arising from changes in the mean spin

interaction energy on magnetic ordering, which affects the

dielectric response through the Lyddane-Sachs-Teller rela-

tion.15,18 In this context, the observation of a dielectric

anomaly in LaCrO3 is completely consistent with the

observed shift in the B3g(3) optical phonon. We observed a

broad dielectric anomaly at TN� 290K which is frequency

independent (up to 500 kHz). Thus, the observed long range

magnetic ordering coupled with the onset of dielectric anom-

aly near antiferromagnetic ordering temperature suggests the

possibilities of near room temperature magnetodielectric

coupling in this system. It is worth noting that the shape of

dielectric anomaly upon antiferromagnetic ordering suggests

possibility of ferroelectricity in LaCrO3 which is permissible

as an antiferromagnetic transition which doubles the unit cell

leading to noncentrosymmetric point group.19

In summary, we have synthesized phase pure ceramic

LaCrO3 samples and investigated the coupling among the

structural, magnetic, and dielectric properties in this system.

These studies indicate the onset of long-range antiferromag-

netic order below 290K. The observed blue shift in B3g(3)

optical phonon mode suggests strong phonon-spin coupling

in LaCrO3. The associated dielectric anomaly at the mag-

netic transition in LaCrO3 confirms the spin-lattice coupling

in this system and provides a possibility for exploiting

LaCrO3 as a novel near room temperature magnetodielectric

material. Magnetodielectric coupling in LaCrO3 at room

temperature may find several device applications.
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FIG. 4. Specific capacitance (¼(C-Cmax(500 kHz))/Cmax(500 kHz)) as a

function of temperature close to magnetic phase transition (TN� 290K) for

different frequencies.

152906-3 Tiwari et al. Appl. Phys. Lett. 103, 152906 (2013)

Downloaded 12 Oct 2013 to 129.25.131.235. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://apl.aip.org/about/rights_and_permissions


