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The thermoelectric power~TEP! S versus temperature has been investigated for the manganite
Pr0.7Ca0.32xSrxMnO3 series. Although these materials exhibit the same hole concentration considering their Mn
valency of 3.3, theirS(T) curves are dramatically affected whenx varies from 0 to 0.3, i.e., when the mean
size of the interpolated cation increases. Particularly theS290 K values go from positive to negative whenx
increases. The remarkable feature is that TEP data for samples which exhibit colossal magnetoresistive~CMR!
properties are found to be similar and can be well described by the paramagnetic~P!-antiferromagnetic~AF!
and AF-ferromagnetic~F! transitions which exist in these samples. On the other hand, for the samples with
higherx values, the CMR effect is smaller and theS(T) curves change shape. Clearly, the electronic properties
of these materials are very sensitive to the atomic orbitals overlapping which can be varied via cationic size
variations as demonstrated by the present TEP measurements. Moreover, the signatures of both P→AF and
AF→F transitions on the TEP curves seem to be a good indicator to detect samples with CMR properties.
@S0163-1829~96!04141-0#

INTRODUCTION

The recent discovery of a negative colossal magnetoresis-
tance~CMR! in manganese perovskite clearly demonstrates
that these phases must be revised to explain their exceptional
properties.1 These materials were studied for their remark-
able magnetic structures which are very sensitive to they
value in the general formulaL12yAyMnO3 (0<y<1) and
particularly in the Pr12yAyMnO3 phases.2–4 A dramatic
change of the electrical resistivity, culminating at tempera-
ture Tmax, separate a semiconducting paramagnetic state
~SP!, existing for T.Tmax, from a metallic-ferromagnetic
~MF! state stabilized forT,Tmax.

5,6 In fact Tmax is very
sensitive to the average size and mean valency of the large
cation and the temperature dependence of electrical resistiv-
ity is strongly modified by application of a magnetic field;
the M -S transition broadens,Tmax increases and electrical
resistivity decreases. Moreover the phase diagram was found
to be complicated forx approaching to 0.5, since an antifer-
romagnetic transition is observed atTN,Tmax. This tem-
perature separates the F phase (TN<T<Tmax) and the anti-
ferromagnetic phase forT,TN .

14 This composition has
been recently reinvestigated by Tomiokaet al.7 and a strong
magnetoresistance effectRB50 /RB57 T of 100 has been evi-
denced at 5 K.

However, larger CMR effects have recently been evi-
denced in Pr0.7A0.3MnO3 series withRB50 /RB55 T ratio up
to 1011.8,9 Moreover, these studies have shown the dramatic
effect of the size of the interpolated cation both on the
Tmax and the CMR effect. For instance, in the
Pr0.7Ca0.32xSrxMnO3 series,Tmax was found to be shifted
from 88 K for x50.05 to 230 K forx50.20, thex50.05
sample exhibiting a CMR effect (RB50 /RB55 T52 105 at
88 K!.5

The variations of resistivity atTmax from SP phase to MF
one make recalls to probe more deeply the electronic prop-
erties of these materials. One of the most sensitive experi-
ments which probes the carriers in the system is the ther-
mopower measurement.

Hence we present in this study a systematic thermoelec-
tric power characterization for Pr12yAyMnO3 samples~A
5Ca, Sr, and Ba! for which resistive, magnetic, and magne-
toresistive properties have been extensively studied. Both the
size and charge effects of the interpolated cations are com-
pared.

EXPERIMENTAL

The samples were prepared and structurally characterized
according to Ref. 5. Magnetic data were registered with a
superconducting quantum interference device magnetometer
and were also obtained from powder neutron-diffraction
studies.11

Resistive and magnetoresistive studies were carried out
with a four-probe technique in the 5 K<T<300 K range
with magnetic field ranging from 0 to 5 T.

A dynamic two-point method was employed for the mea-
surement of the thermoelectric power. The samples were at-
tached with silver paint between two small blocks with ad-
justable temperature gradient which was monitored using Pt
sensors. The assembly was placed in a closed-cycle He cry-
ostat and the measurements were carried out while the tem-
perature of the assembly was slowly increased from 15 to
300 K with the rate of 0.5 K min21. A variable temperature
gradient up to 0.5 K between the copper electrodes was cre-
ated; the thermoelectric voltage (DV) and temperature gra-
dient (DT) were measured. The thermoelectric power (S)
was then calculated from the slope of (DV)5 f (DT).
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RESULTS AND DISCUSSION

The Pr0.7Ca0.32xSrxMnO3 series was investigated in order
to vary the mean size of the interpolated cation (Sr21 is
larger than Ca21!, while keeping the nominal Mn31/Mn41

ratio unchanged. The constant mixed valence of manganese
in the Pr0.7Ca0.32xSrxMnO3 series was confirmed in our re-
cent studies11 when using the energy-dispersive spectrometry
and neutron-diffraction analysis both nominal cationic com-
positions and oxygen ‘‘O3’’ stoichiometry were proved.

In the 0<x<0.04 range, the resistivity curves registered
in earth magnetic field exhibit a semiconducting behavior in
the whole studied temperature range~Fig. 1!. The experi-
mental setup limits the resistivity measurements to around
106 V cm for the samples. Nevertheless, even at low tem-
perature~10 K! no measurable resistivities were obtained for
these samples. For higherx concentrations~x.0.04! all the
curves are characterized by a peak atTmax which separates a
semiconductinglike behavior forT.Tmax and a semimetallic
state forT!Tmax ~Fig. 1!. Further increase of the Sr content
~x!, i.e., of the size of the interpolated cation, has the follow-
ing consequences:

~i! The ratioR(Tmax)
/R(10 K) decreases when theA cation

size increases.
~ii ! Tmax shifts to higher temperatures.
~iii ! The absolute value of electrical resistivity at 290 K

decreases.

This dramatic change of conducting behavior is in fact
related to the magnetic properties of the samples11 which
present a systematic transition from a pure ferromagnetic or
mixed ferro-antiferromagnetic state whenT is increased to a
paramagnetic state, the corresponding transition temperature
T1 being close toTmax ~Fig. 2!. The correlation between
magnetism and electrical properties was recently studied for
Pr0.7Ca0.32xSrxMnO2 (x50.05, 0.1);12 furthermore, neu-
tron data refinements performed on bothx50.05 andx50.1
samples have demonstrated that, in zero magnetic field, the
former composition exhibits two magnetic transitions: ferro-
magnetic ~F! (T,T1), antiferromagnetic ~AF! (T1,T
,T2) and then paramagnetic~P! (T.T2) ~see Fig. 2!, and

the latterx50.10 sample only one F-P transition.11 In both
samples the apparition of ferromagnetism atT,T1 corre-
sponds to the observed decrease of electrical resistivity.

Moreover the resistivity study revealed that two charac-
teristic groups in the Pr0.7Ca0.32xSrxMnO3 series exist~Fig.
1!:

~i! Samples with activated electrical resistivity down to 75
K ~0.0<x<0.04!; below this temperature resistances are too
high to be measured.

~ii ! Samples which exhibit SP-MF transition without ex-
ternal magnetic field~x<0.05!.

For the first series of samples~x<0.04! CMR effects are
observed@up to 1011 at 30 K forB55 T andx50.04 ~Refs.
8 and 9!#. In the second series, the samples exhibit a peak at
Tmax with culminating CMR close to this temperature. The
CMR effect decreases whenT is shifted fromTmax to both
low and high temperatures.5,6

The temperature dependences of thermoelectric power
~TEP! for the Pr0.7Ca0.32xSrxMnO3 series are given in Fig. 3.
The high sensitivity of the TEP to the composition variation
is strongly pronounced. Two families of samples separated
by the borderline composition Pr0.7Ca0.2Sr0.1MnO3 could be

FIG. 1. T dependence of the resistivity for samples of the
Pr0.7Ca0.32xSrxMnO3 series; x values are labeled on the graph.
(106 V cm corresponds to the experimental limit.!

FIG. 2. T dependence of the magnetization for the
Pr0.7Ca0.32xSrxMnO3 sample;T1 andT2 are labeled on the graph.

FIG. 3. T dependence of the thermopowerS for different x
values chosen in the series Pr0.7Ca0.32xSrxMnO3.
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distinguished. The samples with 0<x,0.1 have a similar
behavior. TEP increases from values close to 10mV K21 at
290 K with decreasing temperature and after reaching a
value of 60mV K21 at'150 K ~close toT2 which is defined
from theM (T) curves as the P-AF transition! then smoothly
decreases and finally falls down fromT'T1 to reach nearly
zero at about 70 K@ T1 corresponds to the AF-F transition on
theM (T) curves#. The second family~0.1<x<0.20! is rep-
resented by a sharp drop of TEP at temperatures correspond-
ing to the P-F transition atT'T1 ~or Tmax!. Both kinds of
TEP behaviors are illustrated in Fig. 4 forx50.05 andx50.1
where the characteristic temperaturesT1 andT2 from mag-
netization data are also reported. With increasingx
~0.20<x<0.30! the transitions on theS(T) curves~Fig. 3!
becomes less pronounced and the shape of the curves
evolves asx increases from stronglyT dependent to less
dependent@see for instance theS(T) curve of thex50.25
sample#.

Moreover the sign of the TEP at room temperature
changes. This is clearly evidenced in Fig. 5~a! where the
S290 K values are reported as a function ofx. Thus, this TEP
change of sign at room temperature when the cationic size
increases for samples which exhibit the same Mn valency
~neutron structural refinements confirm the O3
stoichiometry11! cannot be attributed to a change of carriers
from electron to holes. Such a sign upturn was also observ-
able for hole-doped superconducting cuprates in the function
of doping10 and is still a matter of debate: Kuboet al. have
shown that TEP values at room temperature are very sensi-
tive to the band structure of these materials.13 The present
sensitivity of the TEP data for Pr0.7Ca0.32xSrxMnO3 whenx
is varied suggests that the strong electronic modifications
induced by the size effect are correlated to the overlapping of
the atomic Mn-O orbitals. A possibility of interpretation is
an evolution of the Jahn–Teller effect which is larger for the
smaller x values ~smaller ionic radii of the interpolated
cation!.2–4 The room-temperature resistivity is also smaller
for largex values. On the other hand, it cannot be ruled out
that the effects of the Coulombian localization, which are
often invoked for the CMR properties,7,12 also play a role in
the TEP values.

These results also show the difficulties to interpret CMR
and TEP data in a series of materials where not only the size
effect is varied but also the formal Mn valency. To illustrate
this point, we have performed systematic TEP measurements
for three Pr12yAyMnO3 series (A5Ca21,Sr21,Ba21), where
A21 ionic size increases from Ca21 to Sr21 and then to
Ba21 @Fig. 5~b!#. These results are also compared to those
obtained for another series with a different lanthanide cation,
Sm12ySryMnO3 for which large CMR effects have also been
reported.14 For eachA cationS290 K depends strongly on the
valence: it decreases as the valence increases and the change
of sign has no special meaning. This result was also previ-
ously observed for superconducting copper oxides which ex-
hibit large resistivity variations at the superconducting tran-
sition (Tc). For these latter materials, a systematic variation
of the TEP values at room temperature has been evidenced.10

The measurements have shown that, when by means of
chemical substitutions the doping is varied, the highest
Tc—or optimal doping—for any superconducting phase cor-
relates with aS290 K value ~at 290 K! close to 0. Further a
systematic shift ofS290 K with the doping was evidenced;

FIG. 4. S(T) curves of Pr0.7Ca0.25Sr0.05MnO3 (x50.05) and
Pr0.7Ca0.2Sr0.1MnO3 (x50.1); T1 and T2 are extracted from the
M (T) curves.

FIG. 5. ~a! x dependence~bottomx axis! or ionic radius of the
interpolated cation~r ! dependence~top x axis! of S290 K for the
Pr0.7Ca0.32xSrxMnO3; ~the line is just a guide to the eye!. ~b! y
dependence of S290 K for the series Pr12yAyMnO3 (A
5Ca21, Sr21, Ba21) and Sm12ySryMnO3 series~lines are guides
to the eye!.
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‘‘underdoped’’ materials exhibit positiveS290 K values
which increase when doping decreases and ‘‘overdoped’’
materials negativeS290 K values which decrease when dop-
ing increases. According to the structural and bonding simi-
larities between these mixed-valent copper and manganese
oxides, such a discrepancy between the TEP decrease and the
increase of the formal hole content may be interpreted as in
the case of the cuprates by the peculiar band structure close
to the Fermi level.13 On the other hand, if one compares the
different Pr12yAyMnO3 series it appears that the TEP is very
sensitive to the interpolated cation size and that this effect
increases wheny decreases: fory50.3, one can see in Fig.
5~b! that the effect onS290 K is not very large but on the
opposite fory50.2 the size effect on theS290 K values is
much larger than the valency effect on the Pr12yBayMnO3
series. In this latter series, neutron data have evidenced that
the cell parameters are quite insensitive toy, i.e., the ionic
size of the interpolated cation Pr12yBay variation is compen-
sated by the Mn12y

31 Mny
41 mixed valence.3 For this reason,

the Ba21 substitution can be considered as the ‘‘pure’’ va-
lence dependence of the TEP. However, the comparison be-

tween the effects of Ba21, Ca21, and Sr21 evidences the role
of the size effect as presented in Fig. 5~a! for the
Pr0.7Ca0.32xSrxMnO3 series.

CONCLUSION

In the present study the temperature (T) dependence of
the thermopower (S) has been investigated for the
L12yAyMnO3 series of samples in which both size of the
interpolated cation and valence have been varied. For a con-
stant valence ~y50.3!, corresponding to the formula
Pr0.7Ca0.32xSrxMnO3, it has been shown thatS290 K values
decrease from115 to27 mV K21 whenx increases from 0
to 0.3 and correlatively theS(T) curves exhibit signatures of
both P→AF and AF→F transitions for smallestx values. In
that sense, thermopower measurements seem to be a good
indicator to detect samples with CMR properties. Moreover,
the comparison of differentL12yAyMnO3 series where the
valence is varied indicates that for the smallesty values this
size effect becomes even larger varying from140 mV K21

for Pr0.8Sr0.2MnO3 to 180 mV K21 for Pr0.8Ca0.2MnO3.
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