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Abstract

RMnO, compounds present the Pbnm orthorhombic structure for R=La, Pr, Nd while compounds with smaller ionic radii (R=Ho, Er
Tb and Y) can be obtained either in the Pbnm or the P6,cm hexagonal structure. Their magnetic and transport properties are strongly
dependent on the rare earth and, therefore, on their detailed structure. We have studied these compounds through the Raman phonons of
both structures as a function of the rare earth ion and temperature. The phonon frequencies of the main peaks of Pbnm structure have been
correlated to structural characteristics, such as bond-lengths or bond angles, obtained from the analysis of neutron diffraction data.
According to the structural and Raman behavior, these compounds can be classified into two groups: one includes La, Pr, and Nd, and the
other includes the rest. This classification also correlates to the different behavior of their magneto transport properties when doped. A
structural transition to a cubic or quasi-cubic perovskite, above 800 K, can be deduced from the phonon spectra for YMnO, orthorhombic

compound. [ 2001 Elsevier Science BV. All rights reserved.
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Introduction

Recently R, _,A,MnO; (R=rare earth trivalent ion and
A=alkaline-earth divalent ion) have attracted much atten-
tion due to the colossal magnetoresistance that many of
them present [1]. The subtle equilibrium between the
different interactions present in the samples determines if
they are metallic or insulators, ferro or antiferromagnet-
ically ordered, charge ordered or present phase segregation
[2]. The substitution of the rare earth for a divalent cation
A gives rise to the appearance of Mn*" ions, introducing
holes in the e, band leading, in some cases, to the metallic
and/or ferromagnetic behavior; but even in the absence of
doping there can be a certain amount of Mn** ions due to
the so called oxidative non-stoichiometry [3,4]. In these
‘non-doped’ materials the presence of mixed valences
gives rise to the same double exchange mechanism as in
doped ones. All these properties are strongly dependent on
their detailed structure and, therefore, on the rare earth ion.

RMnO, compounds crystallize in orthorhombic struc-
ture [space group Pbnm (D) and Z=4] [5,6] for R with
larger ionic radius (R=Lato Dy), whereas the compounds
with R of smaller ionic radius (R=Ho, Er and Y) can be
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obtained either in the orthorhombic or the hexagonal
structure [space group P6,cm (Cgv) and Z=6] [7]. For the
orthorhombic structure the manganese ions are at octahed-
ral sites (MnOg4) while for the hexagonal structures they
are in bipyramids (MnOy).

Stoichiometric RMnO, ,, compounds are interesting as
they present a static Jahn—Teller distortion, with orbital
ordering. The absence of Mn mixed valence determines the
insulating character of these samples. JA. Alonso et 4.
have studied the dependence of this MnOg Jahn—Teller
distortion, at room temperature, with the size of the R**
ions [6]. Although there are some articles related to Raman
studies in manganites, none of them study the dependence
of the Raman spectra with the rare earth and the evolution
of the Jahn—Teller distortion. Illiev et al. have observed the
Raman active phonons of orthorhombic LaMnO, and
YMnO, [8], and hexagonal YMnO, [7], and estimated
their frequencies from lattice dynamical calculations. Other
authors [9-12] have reported Raman studies on different
doped manganites (or undoped LaMnO,), usually with
orthorhombic structure, and Abrashev et al. have compared
the optical phonons of rhombohedral perovskites LaMnO,
and LaAlO, [13].

We have studied the Raman phonons of stoichiometric
RMnO;, with orthorhombic Pbnm structure, as a function
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of the rare earth ion and temperature, as well as the Raman
phonons of hexagonal YMnO,.

Experimental details

RMnO, samples with (R=Pr, Nd, Tbh, Ho, Er and Y)
were all obtained by citrate techniques [6]. For R=Pr and
Nd, the precursors were treated at 1100°C in a N, flow for
12 h; annealing treatments in an inert atmosphere were
necessary to avoid the formation of non-stoichiometric
Pr(Nd)MnO, phases, containing a significant amount of
Mn**. For R=Th, the precursor powders were heated at
1000°C in air for 12 h. Finaly, low temperature treatments
were necessary for the samples with R=Ho, Y and Er, to
increase the yield of the orthorhombic phases, preventing
or minimizing the stabilization of competitive hexagonal
RMnO, phases.

Raman spectra were obtained with a Renishaw Raman-
scope 2000 and exciting the samples with the 514.5 and
633 nm lines of Ar and He—Ne lasers. The spectra were
recorded in the backscattering geometry. The samples were
locally heated at the laser spot depending on the laser
power. The local temperature of these samples was esti-
mated taking into account the relative Stokes to anti-Stokes
Raman intensities.

Results and discussion

As said before, there are two possible structures depend-
ing on the rare earth ionic radius a room temperature
(RT), orthorhombic Pbnm for larger ionic radius, or
hexagonal P6,cm for smaller ionic radius. The Raman
active modes of the Pbnm structure (long axis: c) are [8]:
TA,+T7B,,+5B,,+5B;,, while those for the hexagonal
P6,cm structure are: 9A, +14E, +15E, [7].

All the samples studied here have the orthorhombic
Pbnm structure except for the YMnO, sample labeled H
that had the hexagonal P6,cm structure. In Fig. 1 we show
the variation of the unit cell parameters and cell volume
with the ionic radius of the rare earth. For the small ionic
radii, the variation of the b parameter is very small
compared to that of a and c; this is due to the tilting
scheme of the MnOg octahedra in Pbnm perovskites where
the distortion, driven by a reduction of the rare earth size,
leaves the parameter b almost unchanged. For large ionic
radii we can observe a change in this cell parameter
behavior (Fig. 1). The observed decrease in the unit cell
volume scales with the R®" size.

We have compared the Raman spectra at room tempera
ture, for different rare earth parent compounds. The Raman
spectra of the orthorhombic compounds are similar but
they can be grouped into two kinds of spectra: La, Pr and
Nd on one hand, and the rest on the other (Fig. 2); the
same classification as the previous one related to b-param-
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Fig. 1. Variation of the unit cell parameters (left) and volume (right) with
the ionic radius of R**.

eter behavior. The modes corresponding to the ortho-
rhombic structure are: A +B,, symmetric and 2B,,+2B,
antisymmetric stretching modes; A +2B,,+B,, bending
modes and 2A ;+2B,;+B,,+B;, rotation and tilt modes
of the octahedra; and 3A ;+B,,+3B,,+B,, modes related
to the rare earth movements [8]. Among these, the three
main pesks correspond to the following modes and
symmetries: the symmetric stretching of the basal oxygens
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Fig. 2. Raman spectra as a function of the rare earth at RT, for
ortho-manganites.
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of the octahedra (Fig. 3c), around 610 cm™* (B, sSymme-
try); the asymmetric stretching at 480 cm™* (A, symme-
try) associated with the Jahn—Teller distortion (Fig. 3b);
and the tilt of the octahedra at 280 cm™* (A, symmetry)
Fig. 38). The modes at lowest energies are those related to
the rare earth movements.

The higher frequency mode varies only slightly with the
ionic radius (about 10 cm™ ') and, as it involves nearly
pure Mn—O bond stretchings, a r ~*° dependence of this
phonon frequency is expected. This behavior is clearly
seen in Fig. 4a, b. In contrast, the peak at about 300 cm ™ *
changes enormously with the rare earth (280 cm™* for La
up to 400 cm ' for the smallest radius), and has a
proportional variation with the tilt of the octahedra (Fig.
4e), and inverse variation with the cell volume (Fig. 1);
that means that this mode is well associated with the
hydrostatic pressure of the lattice.

The modes in the 450-550 cm™* region behave in a
different way, depending on the size of the rare earth;
again, two different groups can be clearly differentiated.
For large ionic radii compounds (group of La, Nd and Pr),
the frequency of this mode follows the Jahn-Teller
distortion (Fig. 4c, d), softening as the distortion de-
creases, however, for the small ionic radii compounds
(group of Y, Er, Ho and Tb) the frequency behavior fits
with the Mn—O, bond distances. If we now look &t the
RMnO, spectra again, we can see that these two different
groups of rare earth compounds correspond with the rare
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Fig. 4. (8) Dependence of the stretching mode frequency with the ionic
radius of RMnO, at RT. (b) Mean value of the Mn-0O, distances of the
octahedra. (c) Frequency of the Jahn-Teller mode. (d) Jahn—Teller
distortion. (€) Frequency of the tilt mode (left) compared with the tilting
of the octahedra (right).

earth at which more peaks appear (as expected from factor
group analysis) at these frequencies.

In Fig. 5 we present the Raman spectra of a YMnO,
sample that is mostly orthorhombic (with about 12%
content of hexagonal phase). In the room temperature
Raman spectrum, we observe some pesks that can be
assigned to the hexagona structure. The intensity ratio
between the peaks corresponding to both phases is not
constant through the sample, so the sample is not homoge-
neous a a ~2-um scale (laser spot diameter). As tempera
ture increases, the intensity of the modes associated with
the orthorhombic structure decreases and disappears above
800 K while the hexagona features remain. The inset
shows the linear dependence of temperature with laser
power, just to check that our method of estimation for the
local temperature of the sample is correct. Orthorhombic
LaMnO, [14] presents a phase transition to a pseudocubic
structure at high temperature, around 750 K. The explana-
tion for the disappearance of the orthorhombic peaks is
that a similar structural transition is happening in the
orthorhombic part of the YMnO, sample, where the Jahn—
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Fig. 5. Raman spectra of a YMnO, sample with orthorhombic structure
as a function of temperature. The Raman spectra of a hexagonal YMnO,
sample are also shown. Inset: linear dependence of the local temperature
with laser power.

Teller distortion of the octahedra disappears leading to a
nearly cubic perovskite structure. For this structure no
Raman peaks are active. The observation of the hexagonal
spectrum and the reversibility of the spectra by decreasing
the laser power ensures that the sample is not burnt or
changed by the laser beam.

Conclusions

In summary, we have studied the Raman active phonons
of stoichiometric RMnO, compounds with orthorhombic
structure and compared them to the Raman spectra of a
hexagonal YMnO, sample. We have correlated the fre-
guencies of the three most intense modes of the ortho-
rhombic samples, with some structural parameters such as
Mn—O bond distances, octahedra tilt angle and Jahn—
Teller distortion.

We have seen that, as the ionic radius of the rare earth
decreases, with a consequent reduction of the unit-cell
volume and an increase in the tilt angle, the frequency of
the mode at 280 cm™* increases dramatically, following a
linear dependence with the tilt angle. The stretching mode
a 610 cm ™~ behaves inversely with the mean distances of

Mn—O bonds in the basal plane. We correlated the 480
cm* peak with the Jahn—Teller distortion for compounds
with large ionic radii, while it was correlated with the
change in the Mn—-O, bond distances for small radii. We
also showed how the same classification for rare earth
compounds can be made considering structural parameters,
such as the cell parameter b. This behavior can be noted in

the Raman spectra where different number of peaks can be
seen, in the frequency range between 480 and 550 cm ™,

for small/large R ionic radii.

Finally, we observed that, as temperature increases, the
Raman peaks corresponding to the orthorhombic phase of
an YMnO, sample disappear above 800 K, while those
corresponding to the hexagonal phase remain. We associate
these changes in the spectra to a structural transition of the
orthorhombic phase to a cubic or quasi-cubic structure
above 800 K.
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