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ABSTRACT

We report on electron-phonon interactions as a main common
property in simple oxides deduced from infrared measurements,
and search, using X-ray absorption techniques, a local structure
counterpart associated to it. We found that temperature
dependent electron localization is determinant in explaining the
conductivity in RNiO3 (R= rare earth) and in La0.67Ca0.33MnO3
and their metal-insulator phase transitions. This is also
associated to a lower symmetry lattice distortion in the
insulating phase. The mechanism established from comparison
of the experimental conductivity obtained from reflectivity
spectra with that from Reik’s theory [1] suggests small polaron
hopping as the principle for electron displacement in an oxygen
high polarizable lattice. We also comment our preliminary
results on the temperature dependent consequence of Jahn-
Teller and GdFeO3 lattice distortions in the insulator YVO3.

Keywords: perovskite oxides, infrared, EXAFS, small
polarons, optical conductivity.

1. INTRODUCTION

Oxides are subject to  strong scrutiny aiming to transfer into an
every day reality uses exploiting properties of technological
interest ranging from high Tc superconductors to ferroelectrics.
Most  systems have a common denominator in strong electron-

phonon interactions; possible lattice inhomogeneities and
relative sublattice distortions triggering phase transitions. In
turn, these factors affect the material conductivity since it is
linked to electron hopping in a polaronic medium.
We understand as small polaron the localized quasi-particle
result from the combination of an electron and the local
deformation due to the electric charge and spin interaction with
ions in a crystal lattice.
It is then important to study simpler distorted perovskites since
they embody the environment of more complex systems in
which unlike interactions may be difficult to single out. RNiO3
(R= rare earth) are one of these family of compounds. They are
distorted perovskites that with the exception of LaNiO3
experience a metal-insulator phase transition at TMI and
antiferromagnetic ordering below TN. These approximately
coincide for the larger members of the series (R= Pr, Nd).[2]
Manganese perovskites form another large family of
compounds, manganites, where the role of defects may be
crucial in understanding the change of resistance under
magnetic fields while the system undergoes a transition from
insulator to a ferromagnetic metal.
Being the transition metals involved Jahn-Teller ions, it is also
appropriate to study possible lattice deformations in an
insulator such as YVO3, an unique system where two possible
Jahn-Teller distortions coexist. These compete with octahedral
rotation  and tilting of the GdFeO3  lattice that is a characteristic



Figure 1.  Temperature dependent transmission spectra of
NdNiO3. Filled circle arrows mark one-phonon and overtone
activity related to one and two phonon densities of states.

shared  by  the compounds discussed in  the present manuscript.

2. EXPERIMENTAL

Sample Preparation

Polycrystalline  samples of RNiO3 (R = rare earth) were
prepared by a stoichiometric mixture of metal nitrates solved in
citric acid. The citrate solution was slowly decomposed at
temperatures up to 600 ºC and the black precursor was then
heated at 1000 ºC 200 bar in an oxygen atmosphere for 12 hrs.
This procedure assures stabilization of Ni3+ cations for the
larger rare earth nickelates. The resulting black precursor was
cooled at room temperature yielding polycrystalline powders
that were pressed into 7 mm pellets and sintered again at 1000
ºC for 12 h under 200 bars in an O2 atmosphere. Smaller rare
earth nickelates require a more oxidizing synthesis. For this
purpose the starting oxides were thoroughly ground with
KClO4, put into a gold capsule, sealed and placed in a piston
cylinder press with the reaction taking place at 20 kbar at 900
`C for 20 minutes. The product, after quenching at room
temperature and the pressure released, was ground and washed
in diluted HNO3, and finally, the powder samples were dried in
air  at 150`C.[3]. All our samples were characterized by X-ray,
neutron powder diffraction, thermogravimetric analysis,
differential scanning calorimetry, four point resistivity and
susceptibility measurements. These last ones using a Quantum
Design (SQUID) magnetometer.[4] Similar procedures were
followed in making samples of La0.67Ca 0.33MnO3. where we
found that TMI depends on the preparation path. YVO3 was
prepared under reducing conditions by annealing the precursor
in a H2/N2 flow. Different insulator behaviors produce excellent
grounds for studying small polaron localization, Jahn-Teller
distortion and defects.

Far Infrared Spectroscopy

Medium and far infrared reflectivity and transmission between
30-1000 cm-1 were measured at different temperatures in a
Bruker 113v spectrophotometer. Our samples were mounted on

Figure 2  Temperature dependent infrared reflectivity of
EuNiO3. The spectra have been vertically displaced for better
viewing .

the   cold   finger   of   an   Oxford   CN   1754   cryostat   with
temperature stability of 0.1 K. Transmission measurements
were made with semitransparent CsI and polyethylene pellets
embedded randomly with microcrystals. For reflectivity, a gold
mirror was used as 100%  reference.

X-ray Absorption

Extended X-ray absorption fine structure (EXAFS) with a high
quality noise ratio were recorded using the XAS beamline
installed at the 1.37 GeV storage ring of the Laboratorio
Nacional de Luz Sincrotron at Campinas, São Paulo, Brazil.
The synchrotron radiation was monochromatized by channel-
cut Si(111)  crystal monochromator with resolution from 2 to
1.5 eV.[5] The spectra were recorded in a transmission mode
using two air-filled ion chambers as detectors. Our samples
were made of fine powder washed with alcohol and spread onto
a nitrocellulose filter resulting, after evaporation, uniformly
thick blackish films. They were mounted on a cold finger of a
CRYOMECH closed cycle He refrigerator allowing
measurements between 10 and 300K.

3. Infrared Reflectivity, Spectral Analysis and EXAFS

a) RNiO3 (R=rare earth≠≠≠≠La)

Typical infrared transmission and reflectivity spectra for rare
earth nickelates are shown in figure 1 and 2 respectively. The
overall features are shared with far infrared spectra of any other
oxide undergoing a metal to insulator, or insulator to metal,
phase transition. At near TMI ~200K, the NdNiO3 (Ni3+, t2g

6 eg
1)

spectra have a clear change in appearance. While at above that
temperature the main feature is that of carriers dominating the
reflectivity below that temperature there is a gradual
localization already revealing at TMI significant interactions
with longitudinal optical phonons. This may be roughly
visualized as result of compression wave interactions, i. e, the
electron cloud and the longitudinal phonons. Their signature is
an anomalous reduction in the local reflectivity closer to the
longitudinal mode frequencies that hint strong electron-phonon
interactions and small polaron localization.
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We analyze our reflectivity spectra simulating infrared-active
features with damped Lorentzian oscillators in a classical
formulation of the dielectric function. We add one plasma
contribution (Drude term) to the dielectric simulation when the
number of carriers is such that a measured spectrum requires
it.[6] The complete expression of the dielectric function is
given by
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where  ε∞ is the high-frequency dielectric function; ωjLO and
ωjTO are the longitudinal and transverse jth optical frequencies
with damping constants γjLO and γjTO respectively. The second
term represents the Drude contribution where ωp is the plasma
frequency, γp its damping and γo is understood as a
phenomenological damping introduced by the lattice drag. We
also calculate the jth oscillator strenght Sj as
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and with

 ω2
p  = 4πe2N / m*,                         (3)

we estimate the effective carrier concentration N*=Nm0/m* (m0
and m* are  the free- and effective electron mass; in oxides
typical values are  m*~10 m0; N and N* are the number and the
effective number of carriers, respectively).
Then, the Drude tail, whose origin we will discuss below,
allows to know, through a standard damped oscillator dielectric
simulation of the reflectivity, the plasma frequency from which
one is able to calculate the approximate number of effective
carriers N*. (eq. 3). For polycrystalline samples this number it
is usually in the order of 10-18 pointing to the fact that these
materials are better described as bad metals and suggesting a
more subtle conducting mechanism than for the classical ones.
On the other hand, transmission measurements, figure 1, help to
better visualize the strong anharmonic environment that is also
a characteristic for most oxides. While in the metallic phase
their understanding is similar to that in reflectivity, the abrupt
metal-insulator transition of NdNiO3 at about 200K is detected
as phonons becoming infrared active absorption bands with
sharp profiles. These measurements also show two broad dips
that are discernible even at 450 K that seems to be related to
one- and two- phonon density of states, their frequencies at
about 500 and 1500 cm-1 for the one-phonon and overtone
activity in perovskite. The first one is where one would expect
the breathing symmetric octahedral frequency after high
temperature softening. This overall picture is maintained in the
infrared spectra of all RNiO3 (R≠La). However, as the size of
the rare earth reduces a more complex environment becomes
evident since the number of infrared active phonon bands in the
insulating phase increases thus denoting an effective lower than
orthorhombic    lattice    symmetry    (figure 3).  It   was   then

Figure 3 Infrared transmission spectra of YNiO3 between 77 K
and 700 K. The higher temperature far infrared transmission
measurements were limited up to 400 K because pellets used in
that spectral region are made of polyethylene. The spectra have
been vertically displaced for better viewing.

established that for R= Ho, Y,  Er Tm, Yb and Lu  this was due
to a monoclinic distortion below TMI with  charge disproportion
in two non-equivalent octahedral sublattices. [3] Our extended
absorption edge fine structure of the Ni K-edge supports this
picture and extend it to larger rare earths [7] The amplitude of
the Fourier Transform of the EXAFS oscillations  (pseudo
radial distribution function),  shown in figure 4(a) for PrNiO3
has a splitting for nearest neighbor distances 10 K that
disappears above TMI; for NdNiO3, figure 4(b), this splitting is
also present at TMI and remains above it, and for EuNiO3, figure
4(c), the splitting is evident close to TMI and it is very similar
above and below the transition. This was only very recently
confirmed in NdNiO3 by resonant X-ray scattering implying a
long range ordered ground state with two distinct Ni sites. [8]

b) La0.67Ca0.33MnO3

Negative colossal magnetoresistance, the large change in
resistivity at about the insulator–metal transition when a
magnetic filed is applied, is another fascinating property of
relative simple orthorhombically distorted perovskite. In t2g-eg-
Mn-ions the electrons in the t2g band are localized while the eg
levels are hybridized with oxygen 2p states. Replacement of
La3+, e.g., by Ca2+ holes in the eg band, thus creating a Mn3+

(t2g
3eg

1)- Mn4+ (t2g
3eg

0) mixed valence. Low temperature
ferromagnetism is favored by the Hund's rule while the double
exchange [9] and a lattice distortion factor involving localized
carriers [10] have been proposed as the basic mechanism for
the phase transition. Here, carrier hopping depends on the
relative alignment of the spin carrier to the localized Mn4+ spin;
when the two spins are aligned the carrier avoids the strong on-
site Hund exchange energy and thus hops easily.
The passage from the insulating regime to a conducting one as
the temperature is lowered is shown in figure 5 for
La0.67Ca0.33MnO3 (TIM∼ 254 K). The infrared reflectivity at
ambient temperature is dominated by structure mainly
associated with phonons. In addition an incipient continuum, on
which all features appear even at room temperature, suggests
finite conductivity. When cooling, and although main phonon
bands are still delineated, the carrier constituent grows in
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intensity and fully develops a plasma edge yielding using
equation 3 N*∼ 1018 . On the other hand, internal mode peak
positions shift below TIM to higher frequencies, i.e., involving
Mn-O motions these vibrations are likely to be affected by
polaron delocalization.
A more quantitative view on the small polaron role in the
conductivity may be achieved using Reik anf Heese theory in
the finite temperature approximation. [1]  Thus, the real part of
the optical conductivity for finite temperature, σ1(ω,β) is by
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Figure 4  (a) PrNiO3 Fourier Transform Amplitude at ~TMI; (b)
Ibidem for NdNiO3; (c)  Ibidem for EuNiO3 . Note that for this
last compound our measurements suggest that the onset of the
monoclinic distortion is above TMI

with   ∆ = 2ϖτ                                                        (6)
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σ1(ω,β), β=1/kT,   is   mainly three   parameter  dependent;

Figure 5. Temperature dependent reflectivity spectra of
La0.67Ca0.33 MnO3 prepared by solid state reaction under 20kbar
(Tc~TIM~254K). Dots: experimental; full lines: fitted.
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σDC = σσσσ (0,β) , the electrical conductivity (taken from resistivity
measurements); the frequency ϖj that corresponds to the
average between the transverse and the longitudinal optical
mode of the jth reflectivity band; and η, that it is a parameter
characterizing the strength of the electron-phonon interaction,
i.e., the average number of phonons that contribute to the
polarization around a localized polaron. From them, the only
actual parameter free to fit for each phonon contribution is η
because phonon frequencies are fixed by reflectivity and
transmission measurements.[11]  We  allow  to  vary  ϖj,, the

Figure 6 Optical conductivity of  La0.67Ca0.33 MnO3 prepared in
a solid state reaction under 20kbar (Tc~TIM~254K). Diamonds
upper traces are optical conductivity drawn from the reflectivity
spectra. The superposing full lines are estimates using Reik´s
small polaron theory. Individual gaussians correspond to the
different phonon contributions (after ref. 12).

average TO-LO reflectivity frequency, and ηj, the strength of
the electron-phonon interaction for a particular vibrational
group against the experimental data.
In manganites, figure 6, one achieves agreement with the data if
independent contributions of lattice and stretching vibrations
are considered. The higher frequency reflectivity tail, a feature
common to all conducting oxides, originates from overtones or
combination phonon sum processes.[12] For each vibrational
group the total number of phonons, ξ, involved in the
conductivity is the sum of the number of phonons emitted and
absorbed. At frequencies higher than ηω0, (ω0 an arbitrary
phonon, η average number of optical phonons of the
polarization around a localized polaron) energy conserving
processes are only possible for ξ > η restraining optical
absorption to a decrease as we increase the probing frequency,
i.e., light cannot do better than totally strip the polarization of
the polaron in the hopping process. [13]

We further improve our understanding of La0.67Ca0.33MnO3
(TIM∼ 254 K) by measuring the temperature dependent Mn local
structure and having its K-edge first neighbors EXAFS
oscillations analyzed using theoretical phase and amplitude
functions extracted from the FEFF6 code.[14]
Our results conclude that we have two distinct sublattice at
room temperature, one of then associated with a Jahn-Teller
distortion. An elongation, consequence of the outer Mn3+ 3d
level split, is compatible with a charge disproportion. An
intrinsic static structural octahedral disorder in manganites
being the source for the small polaron scenario. This picture
persists down to TIM , below which, entering in the interval of
the colossal magnetoresistance (∼ 100K), the two non-
equivalent octahedra turns gradually into on prevailing site
where now the electron move fast enough to characterize the
material below 90 K as a metal oxide.[12]

c) YVO3

Since in the above examples carriers partially mask lattice
vibrations and the consequences octahedral distortions it is
appropriate to search for a compound that although undergoing
a phase transition, and having a Jahn-Teller ion, be an insulator
in the whole temperature range. YVO3 is an unique material in
which there are two Jahn-Teller distortions coexisting with the
tilting and rotation of the GdFeO3 distortion.[15] YVO3 is a
room temperature orthorhombically distorted compound
described by the Pbnm-D2h

16 space group. It has two magnetic
phase transitions at TN1 ~114 K and TN2 ~77 K. This last one
accompanied at the about the same temperature by a
monoclinic distortion into the P21/n space group. We also
reported a weak phase transition at ~210 K.[16] This lattice
distortion is found in reflectivity spectra as side bands that
continuously grow in intensity between 210 to 77 K. From a
dielectric simulation (eq. 1), the calculation of phonon strengths
(eq. 2) allows its determination (figure 7).

Figure 7.- Phonon oscillator strengths in the YVO3
intermediate phase.

We  further  see  that  new  hard  modes  seem  to  obey  a weak
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power law (inset, fig 7). This intermediate phase was also
reported more recently using X-ray and neutron scattering. [17]
The phonon behavior is reminiscent to those in a phase
incommensurate, that in our case, may be understood as
originated from faulty orbital stacking due to the local
energetically prevailing distortions. Estimations of the
temperature dependent radial distribution function calculated
from the V, K-edge EXAFS amplitude oscillations, now in
progress, show an anomalous glassy behavior at those
intermediate temperatures that confirms our infrared findings.

4. CONCLUSIONS

Summarizing, we have presented three simple oxides, room
temperature orthorhombically distorted perovskites, showing a
natural convergence toward the existence of strong electron
phonon interactions as a main and principal feature. This is
intimately related to electron hopping conductivity in a small
polaron environment. We have also shown that competing
Jahn-Teller distortions in an insulator lattice create structural
anomalies affecting dramatically the dynamical lattice response
of oxides. We believe that these properties ought to be taken
into account in successfully designing novel devices that
implement the remarkable features found in perovskite oxides.
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