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Abstract

The electronic transport in the paramagnetic range of mixed valence manganites is studied here through resistivity
and thermopower of Gd** doped La,;3Ca;;3sMnOs. The analysis of the experimental results of the high temperature
limiting value for the thermopower reveals a discrepancy with theory, which could be interpreted as a consequence of an
increasing entropy term with lattice distortion. The polaron binding energy is found to be independent of the lattice

distortion. © 2002 Elsevier Science B.V. All rights reserved.
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Electronic transport properties in manganites have
been studied in detail since the rediscovery of colossal
magnetoresistance (CMR), nearly 10 years ago.
Although much effort has been expended to elucidate
the relation between transport, magnetism and structure
by microscopic analysis, the basic transport behavior is
still the most intriguing part of these materials. Initially,
it was explained qualitatively through double exchange
(DE) theory, but further theoretical work indicated that
an unusually high electron—phonon coupling is funda-
mental for a quantitative fit to basic results. Moreover,
this seems to be the underlying mechanism in the new
phase separation phenomena discovered recently (for a
review see [1,2]). Translation of all the theoretical work
developed has led to an agreement about considering
nearest-neighbor hopping of small polarons as the right
theory to explain high-temperature transport measure-
ments in manganites [3]. Emin and Holstein calculated
resistivity in the adiabatic regime and found that the
mobility has a thermally activated form [4] that leads to:

p(T) = poT exp(E, /[kT), 6]

where E, is the activation energy, and the resistivity
prefactor p, depends on the concentration of polarons,
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the hopping distance and the frequency of the long-
itudinal optical phonons. On the other hand, in a case of
thermal activation of carriers, the thermopower takes
the form

k([ Es
s_;(ﬁ) + 5., @)

where Ejg is again the activation energy (that differs from
the resistivity one, not as in the case of classical
semiconductors) and S, is the thermopower high-
temperature limiting value [5]. From a careful study of
both measurements, it is possible to understand the
polaronic nature of conductivity in manganites and to
elucidate some of the points that remain still unex-
plained.

In order to study the transport properties of
manganites in the paramagnetic regime, we have
prepared a series of samples with a fixed doping level
and only changing one of the doping cation concentra-
tion to alter the crystallographic structure. As has been
pointed out, the crystal symmetry plays a central role in
the magnetotransport properties and it is one of our
objectives to study this influence [6].

For this study, we synthesized a series of poly-
crystalline samples with nominal composition
(Lal,dey)0_67Ca0_33MnO3 (y = 0, 010, 025, 050,
0.75, 1). All of them were prepared by solid state
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reaction. X-ray Rietveld refinements show single-phase
materials in all the cases. Resistivity was measured by
the standard four-probe method with gold contacts.
Measurements of thermoelectric power were performed
with a home-made apparatus.

First of all, we analyze the electrical resistivity data of
the whole series of samples prepared. The temperature
where metal-insulator transition takes place (7\—p) is
reduced when Gd doping is increased, and for values
greater than 10% it totally disappears from our
experimental data range (see Fig. 1). Resistivity values
also increase manifestly with Gd doping. These are well-
known results in La,;3Ca,3MnO; substituted manga-
nites with Gd or other smaller size ions [1,6] and the
reason for this is the different size of La’* and Gd**
ions. As Gd** percentage increases, the tolerance factor
and the Mn—-O-Mn bond angle in the perovskite
structure diminishes. Since the electronic hopping
between Mn sites depends strongly on the bonding
angle, we easily produce a systematic increase in
resistivity and a decrease in the metal-insulator and
ferromagnetic—paramagnetic (7¢) transition tempera-
tures. Although it is beyond the scope of this paper,
magnetic transition temperatures in our different sam-
ples were determined experimentally and they fit
perfectly into the phase diagram for manganites
proposed by Hwang et al. [6]. Resistivity in the
semiconductor range was satisfactorily fitted by small-
polaron hopping equation (Eq. 1) and the activation
energy (E,) increases linearly with increase in the Gd
percentage.

In Fig.2 is plotted the thermopower temperature
dependence. Low doping rate samples present a transi-
tion almost coincident with T¢ and Ty—; (see inset of
Fig. 2). However, it is noticed that the change in the sign
observed around that temperature is not related with a
change in the carriers nature but on the competition
between the entropy term and the energy transport term
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Fig. 1. Thermal dependence of resistivity for all the samples
studied with different Gd content percentage.

of the thermopower [5]. The values in the metallic range
are constant and small, around a few uV/K, as is typical
in these systems. If we study the paramagnetic span, the
thermopower values are very high and coincident with
the reduced carrier mobility viewed through resistivity.
All the samples can be accurately fitted to Eq. (2).
Activation energy values (Es), as resistivity ones, also
increase linearly with increase in the Gd doping level.
Another important parameter we are going to study is
the thermopower infinite values (S, ), which are plotted
in Fig. 3. It is unambiguous again the linear dependence
between the doping level and S.,. The quantities are
always negative and reflect the combination of several
contributions, generally [5]:

S = Ss + SME. (3)

The first term (S,) is determined by the configurational
entropy of placing a spin o; hole in a spin oy
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Fig. 2. Thermal dependence of thermopower for all the samples

studied. (Inset) thermopower versus temperature curves for the
samples with less Gd content.
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Fig. 3. Thermopower infinite temperature limiting value versus
Gd content. The line is a linear fit to the data.
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background, and it is given by

_ k 201 + 1
o= (&35 ) @

in our specific case, the right values are g; = 3/2 and
oo = 2, leading to a final value of S; = —19,2 uV/K. The
second term (Smg) is the mixing entropy term that
counts in how many different ways x holes can be
distributed between 7 sites. There are several alternative
models considered in the bibliography, but the one that
seems to be most adequate for our case is the Chaikin—
Beni limit [5,7]. That is given by

SME = (g) In (@) (5)

and supposes fermions with spin, but with on-site
repulsion. For our constant doping (x = 0.33), this
mixing entropy term contributes Syg = —120,0 uV/K to
the total thermopower infinite-temperature limit. So, the
total result will be S, ~ — 140 pV/K. This theoretical
result is not in correspondence with the experimental
ones. At a fixed doping value, all the models support a
constant value, so they cannot predict the linear fit
obtained from our experimental data. However, we
could try to understand this behavior not forgetting the
crystallographic distortion induced by Gd doping, that
is not taken into account in the development of the
theoretical expressions. The greater the distortion, the
more important the entropy term which suggests
the disorder of the system, as it is shown in our
experimental result.

From the activation energies of resistivity and
thermopower it is possible to obtain one of the
fundamental parameters from the transport properties,
that is, the small polaron formation energy in the
paramagnetic range (Wp). In general, we can use the
relation [5]:

Wp/2 = Wy = E, — Es, (6)

where Wy is the polaron hopping energy. In this way,
we have computed the polaron formation energy for all
the samples studied (see Fig. 4). As is clearly seen, the
obtained result is almost independent of the doping
level, or in other words, of the distortion of the
structure. Despite the great changes induced in
the exchange interaction which transforms enormously
the magnetism and the transport properties, this
parameter seems to behave limitless from this depen-
dence. This is an exciting result that has to be interpreted
in a proper way. As a final comment, it is important to
note that this system was first studied by Rubinstein et al.
[8]. In our work, we complement that study as a result of
the analysis of a greater range of compositions of the
samples. This allows us to obtain clear tendencies from
our experimental data.
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Fig. 4. Polaron hopping energy (Wy) or half of the polaron
formation energy (Wp). The line is a linear fit to the data.

In summary, the transport properties in the
paramagnetic range of the compound (La,_,Gd,)o.¢7-
Ca(33MnO; have been studied through resistivity and
thermopower measurements. The structural distortion
induced by the smaller size of Gd*>* ion with respect to
La*" one induces huge changes in the transport
behavior, but a study in detail will allow us to obtain
more important information about materials of this
kind. Thermopower data reveal a discrepancy between
theory and experimental in the analysis of S.. This
magnitude varies linearly with Gd doping, accounting
for the progressive change in the high temperature
entropy value due to lattice distortions. Furthermore,
polaron binding energy seems to be a nearly constant
parameter in spite of the great changes developed by
other experimental quantities. This result, only briefly
suggested by other groups, needs to be tested with
further theoretical work in order to fully understand its
consequences.
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