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The phonon thermal conduction in Laj— xBaxMnOs (LBMO) has been investigated for the
Ba concentration X<0.45, where single phase samples can be prepared. The dominant phonon
scatterer in this system is the Jahn-Teller local lattice distortions, which are relaxed in the
ferromagnetic metallic phase with increasing charge carrier mobility. In comparison with other
manganite systems, the phonon conductivity enhancement below T is rather moderate in LBMO
and the metallic behavior of LBMO is not so ideal, contrary to the anticipation based on the

tolerance factor I' values.
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Introduction

§1.

Recent revived studies on hole-doped rare-earth man-
ganites have revealed a variety of dramatic phenom-
ena associated with the metal-insulator transition.!>?
The most fundamental driving force for the novel phe-
nomena is the strong correlation between 3d (eg) elec-
trons, but it is also widely admitted that the electron-
phonon interaction is very important as well. The well-
known colossal magnetoresistance (CMR), for example,
cannot be quantitatively explained by the double ex-
change mechanism only, and electron-phonon interac-
tion and/or lattice effects must be taken account of.3)
The two key factors may be important as for the lattice
effect in the (RE1-xAEx)MnOj; system (RE=trivalent
rare-earth ions, AE=divalent alkaline-earth ions). One
is the Jahn-Teller (J-T) effect of Mn3®* ions which con-
trols the e, electron transport through the formation of
the polarons. The other is the average (RE;_xAEx)
ionic radius which controls the single electron band width
W through the distortion of the lattice from the cubic.
Generally, the wider W is expected for the smaller dis-
tortion. A useful measure for the distortion of the per-
ovskite structure is so-called tolerance factor I', which is
defined by
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where 74, rg and ro are the atomic radii of A-site
(RE:1-xAEx) ion, B-site (Mn) ion and oxygen ion, re-
spectively. For cubic structure I'=1 and the lattice dis-
tortion is enhanced as the I' value deviates from 1. The
phonon thermal conductivity (kpp) provides a valuable
measure for the phonon dynamics and for the phonon
scattering mechanisms in a crystal. The electrical resis-
tivity p(T) of (RE1_xAEx)MnOj is pretty large even in
the metallic phase and the Wiedemann-Franz law sug-
gests that the heat-conduction is overwhelmingly due
to phonons (k=kpn). We have already studied the
thermal conductivity & of La;_xCaxMnOs (LCMO)%
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and Laj_ xSrxMnOj3 (LSMO)5) and found characteris-
tic kpp enhancement in the ferromagnetic metallic (FM-
M) phase. The phonon heat conduction in these systems
was limited by the phonon scattering by the local J-T lat-
tice distortion and the s, enhancement originated from
the release in the J-T distortion in the metallic phase.
The ionic radius of Ba?t (=1.47A) is larger than those
of Ca?t (1.184), Sr?* (1.314) and La3* (1.2164). The
tolerance factor I' of LaMnOj3 is 0.938 and it is to in-
crease toward 1 most rapidly by Ba substitution for La.
Thus, from the view point of the I' value, LBMO is ex-
pected to provide more ideal FM-M specimens than the
other manganite systems. In this paper, we report the
phonon and the electron transport in La;_xBaxMnOs3
(LBMO) and compare with the results of the LCMO and
LSMO systems.

§2.

La;—xBaxMnOg samples were prepared by a stan-
dard solid-state reaction method. The sintering tem-
perature was 1500°C. From the X-ray analyses, the
lattice structure was consistent with orthorhombic for
0<X<0.10, rhombohedral for 0.12<X<0.30 and cubic for
0.34<X<0.45. For X>0.50, an impurity phase appeared
and single phase crystals could not be achieved. The
thermal conductivity «(7T) was measured by a steady-
state heat flow method between 10 K and 300 K by use
of a Gifford-McMahon type as a cryostat. The thermal
diffusivity a(T) was measured by an arbitrary heating
method under an identical setup as the x(7) measure-
ment. The magnetization M(T) measured by a SQUID
magnetometer confirmed that the LBMO samples are all
the ferromagnets for 0.06<X<0.45.

§3.

Figure 1 shows the temperature dependence of the
electrical resistivity p(7T) for X<0.18 (Fig. 1(a)) and
for X>0.25 (Fig. 1(b)). p(T) of the ferromagnetic sam-
ples (X>0.06) shows a reduction at around the Curie
temperature T,. Below T, p(T) clearly increases for
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Fig.1. p(7T) of Laj_ xBaxMnOs3 for (a) X<0.18 and (b) X>0.25

as a function of T.

X=0.14 and it clearly decreases for X=0.18 with de-
creasing temperature, while p(7) remains almost con-
stant for X=0.15. This fact indicates that the phase
boundary between ferromagnetic metal (FM-M) and fer-
romagnetic insulator (FM-I) is located in the vicinity
of the Ba concentration X=0.15.  Figure 2(a) shows
the thermal conductivity «(7T) for X=0.00, 0.10, 0.14,
0.15 and 0.18. x(T) of the X=0.00 (A-type antiferromag-
netic) and the X=0.10 sample is very small and monoton-
ically decreases with decreasing temperature. x(T) of the
X=0.18 (FM-M) sample shows clear enhancement below
T, taking a local minimum at 7.. As we have pointed
out for the LCMO and LSMO systems, the enhanced
phonon heat conduction in the FM-M phase below T is
a common peculiarity of the perovskite manganite sys-
tems.®5) Tt is to be noticed that the X=0.15 sample also
shows the enhancement similar to that of X=0.18. The
X=0.14 and 0.15 samples, which are located near the
phase boundary between the FM-I and FM-M phases
from the p(T) behavior, belongs to the FM-M phases
from the «(T) behavior. Figure 2(b) shows x(T) for the
X=0.25, 0.35 and 0.45 samples which belong to the typi-
cal FM-M LBMO group. The thermal conductivity takes
a maximum for X=0.35. As we have reported, the most
important phonon scattering mechanism is due to the J-
T local lattice distortion, which is reduced significantly
with increasing mobility of holes.?) From this view point,
the best metal is realized in LBMO for X=0.35, where s
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Fig.2. k(7T) of La;_ xBaxMnO3 for (a) X<0.18 and (b) X>0.25

as a function of T.

takes a maximum. Figure 3 presents the thermal diffu-
sivity a(7T) vs. T for X=0.10, 0.165, 0.18 and 0.25. In
the case that thermal conduction is overwhelmingly due
to phonons, the thermal diffusivity is given by

. Kph 1

= C N ~ §vphl”h’ (3.1)
P

where Cpp, is the phonon heat capacity, vy, the phonon
velocity and Il is the phonon mean free path. As a
whole, the magnitude and temperature dependence of
a(T) reflect those of k(T) in Fig. 2 with clear increase
below T, where x(T) is enhanced. What is to be no-
ticed in Fig. 3 is very small o( T) values above T, which
increases with increasing temperature. Usually, phonon
scattering increases with increasing temperature, but the
present o T) results suggest the inverse. The decreasing
phonon scattering with increasing temperature was con-
firmed up to very high temperatures for the LCMO sys-
tem,%) which provided a peculiar feature of the phonon
scattering by small J-T polarons in the manganite sys-
tem; the phonon scattering by the local J-T distortion is
reduced with increasing mobility of polarons also in the
paramagnetic phase.

In Fig. 4, we compare x(7T) of typical metal-
lic samples of LCMO, LSMO and LBMO systems.
The k values are the largest for Lag.755rg.25MnQOg
and the k enhancement is also the most conspic-
uous. In contrast, k values and the k enhance-
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Fig.3. The thermal diffusivity a(T) vs. T. a(T) slightlt increases
above Tk.
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Fig.5. The magnetic and electrical phase diagrams of the three
systems. T, was determined from the electrical resistivity. The
hatches at X220.14, 0.17 and 0.19 represent the metal-insulator
boundary for LCMO, LSMO and LBMO, respectively.

gin for the FM-M phase, is the strongest for LSMO and
supports again that the LBMO is not so good a metal
as compared to LSMO. On the other hand, the metallic
phase sets in for X>0.15 in LBMO, for X>0.17 for LSMO
and for X>0.19 for LCMO, and the FM-M region is the
widest for LBMO in accord with the expectation based
on the T value.

§4.

The thermal conductivity x(T) and diffusivity «(T)
of the ferromagnetic La; - xBaxMnO3z (LBMO) sintered
crystals have been investigated and the results have been
compared with those of Lag.755r9.05MnO3 (LSMO) and
Lag.75Cag.25MnO3 (LCMO), which have the smaller tol-
erance factor I'. The positive da(T)/d T for T> T, sug-

Summary

Fig.4. Comparison of x(T) of Lao.75 Cao.2sMnO3, Lag.755r0.25MnO3 gests that the dominant phonon scattering mechanism

and Lag.g5Bag.35MnO3, which are typical metallic samples of
each system. The inset shows the normalized electrical resistiv-
ity R/Rc vs. the normalized temperature T/ Te.

ment are the smallest for LaggsBag3sMnOs at low
temperatures. The tolerance factor '=0.931, 0.964
and 0.993 for Lag 75Cag.05MnO3, Lag. 755r9.25MnO3 and
Lag.¢5Bag.35MnOs, respectively. The density of the hole
carriers is the largest for Lag g5Bag 35MnQ3, which sug-
gests that Lag gsBag.ssMnOg is the best metal among
these samples. However, the small x(7) values and its
small enhancement suggest that the metallic behavior is
the worst for LBMO at least in the low temperature re-
gion. The normalized resistivity in the inset of Fig. 4 also
supports that the metallic behavior of Lag g5 Bag 35 MnOs
is not so good, contrary to our anticipation from the I'
value. In addition, the x(T) behavior of LBMO supports
that the origin of x(T) maxima observed in LCMO and
LSMO are not the phonon-phonon scattering because the
phonon-phonon scattering should not be so drastically
different among these systems. Figure 5 shows the phase
diagram of the LBMO, LSMO and LCMO systems. The
ferromagnetic phase of LBMO occurs at higher temper-
atures than LCMO but at slightly lower temperatures
than LSMO. This result suggests that the double ex-
change interaction, which is the most fundamental ori-

in LBMO is due to the Jahn-Teller (J-T) local lattice
distortion in the insulating phase. The local J-T distor-
tion is significantly relaxed in the ferromagnetic metallic
(FM-M) phase with increasing mobility of charge carri-
ers. But the k enhancement in LBMO is small in com-
parison with that of LSMO and LCMO. Contrary to the
speculation on the basis of the I" value, the metallic be-
havior of LBMO is not so ideal as LSMO and LCMO.
The FM-M phase, however, is stabilized for wider Ba
content range X>0.15.
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