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EPR Evidence of Jahn-Teller Polaron Formation in La;oxCaxMnO3z1y
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The electron paramagnetic resonance (EPR) signal in the mixed valence perovskite La; 2, Ca,MnOs1y
was investigated in the paramagnetic regime for %0 and %O isotope substituted compounds. The
characteristic differences observed in EPR intensity and linewidth for the two isotope samples can be
explained by a model in which a bottlenecked spin relaxation takes place from the exchange-coupled
constituent Mn*L ions via the Mn®® Jahn-Teller ions to the lattice. For x [CO2 the ferromagnetic
exchange energy J exhibits a ** OO oxygen isotope effect of [21.0%. The observed isotope effects

suggest the presence of Jahn-Teller polarons in these materials.

PACS numbers: 76.30.—v, 71.38.+i, 72.80.Ga, 75.70.Pa

Recently, the ferromagnetic systems La;oxMeMn-
Oz1y (Where Me [_ChSr,Ba) have become the focus of
scientific and technological interest because of the colos-
sal magnetoresistance (CMR) effects found in these mate-
rials[1]. Doped manganese perovskites are mixed-valent
systems containing Mn®1 and Mn*1 ions. The magnetic
and electronic properties in these compounds have tradi-
tionally been examined with the double exchange (DE)
model, which considers the transfer of an electron be-
tween neighboring Mn®1 and Mn** ions through the Mn-
O-Mn path [2]. The electron transfer depends on the rel-
ative aignment of the electron spin and localized Mn*t
spin.  When the two spins are aigned, the carrier avoids
the strong on-site Hund exchange energy and hops eas-
ily. Thus the DE model provides an explanation for a
strong coupling between the charge carriers and the lo-
calized manganese moments. However, recent theoretical
considerations indicated that DE aone does not explain
the CMR, and that polaronic effects due to a very strong
electron-phonon coupling should be included [3,4]. The
strong electron-phonon coupling is expected because the
electronic ground state of the Mn®1 ions is degenerate,
and this degeneracy is removed by a spontaneous distor-
tion of the surrounding lattice, known as the Jahn-Teller
(JT) effect [5]. A recent demonstration of a giant oxy-
gen isotope shift of - 20 K on the ferromagnetic transition
temperature T, by Zhao et al. [6] provided direct experi-
mental evidence of the strong coupling of the charge car-
riers to JT lattice distortions and of JT polaron formation
[7] in La;oxCayMnOsqy. In this Letter we report a study
of oxygen isotope effects on the static and dynamic mag-
netic properties of La;oxCayMnOz1y by electron para-
magnetic resonance (EPR). Significant differences of the
EPR signal were observed in samples with different oxy-
gen isotopes. Our results provide the first microscopic ev-
idence for the formation of JT polarons [7] and for its rel-
evance in determining magnetic properties of doped man-
ganese perovskites.

The EPR measurements were performed at 9.4 GHz
using a BRUKER ER-200D spectrometer. We measured
the temperature dependence (M. , T , 3T.L[of the EPR
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for ceramic powder samples of La;oyCaMnOsqy with
x [C01, 0.2 which were substituted by different oxygen
isotopes (%0 and %0). The samples used here are the
same as those studied by Zhao et al. [6]. A strong
symmetric EPR signal with a line shape very close
to Lorentzian was observed over the whole range of
temperatures investigated (except the region very near
T¢, where some distortions of the line shape occur).
Two typica EPR signals are shown in Fig. 1. In order
to determine the temperature dependence of the EPR
signals, we have fitted the spectra with a Lorentzian line
shape (Fig. 1). The fitting parameters are the peak-to-
peak linewidth DHp, and the resonance field Hyes. The
resonance field corresponds to a g value of 2.0 and does
not depend on temperature. The temperature dependence
of the linewidth for the x 0.2 sample with different
oxygen isotopes is shown in Fig. 2. With decreasing
temperature the linewidth decreases, passes through a
minimum at a temperature Tmin, and increases on further
cooling to T¢. It isinteresting that Tmin in the O sample
is shifted to lower temperatures in comparison with the
80 sample and that there are significant differences
in linewidths below Tmin. The integral intensity | of
the EPR signal decreases with temperature much faster
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FIG.1. An EPR signa of 0 and O samples of
LagCa,MnO;1y measured at T [300 K under identical

experimental conditions. The fits with Lorentzian line shape
are indicated by solid lines.
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FIG. 2. Temperature dependence of the peak-to-peak EPR
linewidth DHp,, for %0 and 80 samples of LagsCap,MnOs1y.
The inset shows the low temperature region on an enlarged
scale.

than would be expected according to the Curie law.
To show this, we plot in Fig. 3 the product 1 3 T
versus temperature.  The multiplication by T eliminates
the intrinsic temperature dependence of the EPR signal,
caused by the Boltzmann population of the Zeeman levels
involved. It is important to note that the EPR spectra
for compounds with different oxygen isotopes were taken
with exactly the same spectrometer conditions. Special
care was also taken to measure the samples with the same
mass, identical sample tubes, etc. The reproducibility of
the measured EPR signals was checked several times.
Thus the EPR signal intensity in samples with different
oxygen isotopes can be directly compared. From Fig. 3,
one can see that the intensity of the EPR signal in the O
sample is higher than in the 20 sample.
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FIG. 3. Temperature dependence of the integral intensity of
EPR signal times temperature [ 3 T C(for %0 and 0 samples
of LaggCa,Mn0Os1y. The solid lines represent the best fit to
Eqg. (1) in the temperature range 250 # T # 500 K.

In order to understand the striking differences of
resonance linewidths and intensities in different oxygen
isotope samples, it is necessary to first clarify the origin
of the EPR signal in manganese perovskites. Recently,
Oseroff et al. [8] reported the first observation of an EPR
signal in Lay2,CacMnO31y compounds with different Ca
and oxygen content. They also observed strong EPR
signals with an unconventional temperature dependence
and suggested that a cooperative spin entity could be
responsible for this signal. We propose that the EPR
signal observed in LaoxCaMnOs1y is due primarily
to Mn*t (3d® with S [312) ions. In an octahedral
anion crystal electric field this ion has a ground state,
corresponding to an orbital singlet A,. Consequently the
spin-lattice relaxation is weak, and this makes EPR of
Mn*1 easy to observe even at high temperatures [9]. The
Mn31 (3d* with S [2)lis unlikely to have an observable
EPR signa as it exhibits a large zero-field splitting and
strong spin-lattice relaxation (the ground state of the
Mn®L jon is the orbital doublet) [10].

However, it is clear that the observed signal cannot
be attributed to isolated Mn*l ions. To construct a
model of paramagnetic centers responsible for these
EPR signals, it is important to point out that doped
manganese perovskites are mixed valence compounds
with Mn*1 and Mn®® jons and strong ferromagnetic DE
interaction between them. Thus, we should consider the
EPR response of the system to contain three distinct
components; Mn*L ions, s; Mn®L ions, s; and the lattice,
L. Figure 4 shows a standard schematic picture for such
a system, with arrows indicating possible relaxation paths
between components. The theory used to describe such
a system was developed in connection with the EPR of
localized magnetic moments in metals (see, for example,
an excellent review by Barnes [11]). Later, Gulley and
Jaccarino [12] applied this formalism to study the EPR
of strongly exchange-coupled insulators with two types
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FIG. 4. A Block diagram showing the energy flow paths for
the Mn*t and Mn®! spin subsystems and the lattice. The
relaxation rate Ry, represents relaxation from subsystem a to
subsystem b. The thickness of the arrows is a measure of the
magnitude of the particular relaxation rate Ryy,.
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