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Sound velocity and powder x-ray difFraction in Laq. g Rv. &Sr Cu04 (R=Nd, Sm, Gd, Tb) reveal
that the transition temperature to the tetragonal low-temperature (TLT) phase increases with de-
creasing the ionic radius of R up to 150 K (R=Tb around x 0.125). Prominent change of the
resistivity p and the thermoelectric power S is observed in the narrow region of x around 0.125 and
at almost the same temperature near 80 K in the Tb-, Gd-, and Sm-substituted samples whose crys-
tal structure is the TLT phase. In the Nd-substituted sample, less prominent but signi6cant change
of S is also observed below 50 K where the crystal structure is the orthorhombic midtemperature
phase. These results suggest that the change of the transport properties is responsible for the change
of the electronic state itself rather than for the structural phase transition and this modi6cation of
the electronic state is more pronounced in the TLT phase.

La~ Ba Cu04 undergoes a structural phase transi-
tion from the tetragonal high-temperature (THT) phase
to the orthorhombic midtemperature (OMT) phase at
Tp1. It is widely accepted that the second phase tran-
sition to the tetragonal low-temperature (TLT) phase
takes place at Tp2 60 K in a narrow region around
x = 0.125. In this concentration region around x
it was reported that the superconducting temperature
T, is extremely suppressed2 and the transport proper-
ties show anomalous behavior below T~2. ' The doping
efFects have been extensively studied and indicate the
importance of the carrier concentration corresponding to
x 8 for the suppression of T, . Prom these results, in
the early stages, it seemed that the OMT-to-TLT transi-
tion causes the modi6cation of the electronic state. How-

ever, we pointed out &om the results of the ultrasonic
measurements that the OMT-to-TLT transition existed
in rather a wide range of x between 0.09 and greater
than 0.16. This is consistent with the recent results
&om synchrotron x-ray diffraction. As for the lattice
instability, there is no difference between x = 0.125 and
0.15 although in the former T, is drastically suppressed
but in the latter the bulk superconductivity is observed.
In Lay p Ndp4Sr Cu04, although the TLT (or Pccn)
phase exists in a wide range of x, the bulk superconduc-
tivity exists for a wide range of x except in a narrow re-
gion around x 0.12. ' In La1 875—yNdyBap 1g5Cu04,
while Td2 increases with increasing y, which is as high
as 180 K for y = 0.4, the anomalies of the transport
properties are observed, not at Td2, but at 70 K. In
La2 Sr Cup ggZnp py04 (Ref. 13) and La2 Sr Cu04,
a large reduction of T is observed in a narrow region
around x 0.115 although the crystal structure is or-
thorhombic down to 10 K. It is noted that the value of the
Hall coefEcient of La1 875Bap 125Cu04 at 300 K is close to
that of Lal.885SIp.115Cu04 Our purpose is tostudy the

origin of the suppression of T, and to investigate if the
anomalies of the transport properties are really caused by
the structural phase transition. La2 —z —yNdyBa&Cu04 is
not the most suitable system to investigate this ques-
tion. This is because in La1 875—yNdyBap 125Cu04& the
transition &om the TLT to another low-temperature
orthorhombic phase is observed at 50 K by x-ray
difFraction, which is close to the temperature where
the transport properties show the anomalies. There
is also a problem with La2 z yNdySr&Cu04 since at
x 0.12 and y 0.4, the structural phase transi-
tion temperature &om the OMT phase to the Pccn
phase is 65 K, which is also close to the tempera-
ture where the anomalies of the transport properties are
observed. An influence on the transport properties re-
sulting from the structural phase transition is inevitable
in the above two systems. In contrast, we have found that
in the La2 „R„Sr Cu04 (R=Nd, Sm, Gd, Tb) system,
the structural phase transition temperature to the TLT
phase increases greatly with decreasing the ionic radius
of the rare-earth metals and another phase was not ob-
served below this transition temperature. In this system
the crystal structure at low temperatures changes from
the OMT to the TLT with increasing y around x 0.12.
Therefore, La2 & y BySz'&Cu04 is a good system to study
the variation with composition of T„the structural phase
transition temperature to the TLT phase and the anoma-
lies in the transport properties, and also to investigate
the relation between the crystal structure and the mod-
ification of the electronic state. In this paper, we re-

port results of the ultrasonic velocity, the powder x-ray
diffraction, the electrical resistivity, and the thermoelec-
tric power in La1775Rp1pSrp 125Cu04, and discuss the
relation between the transport properties and the crystal
structure.

The sintered samples used in this study were prepared
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served at T, with decreasing temperature, in the Nd-

substituted sample, the gradual decease of 8 is observed
below 50 K (Fig. 6) which is much higher than T, . In
the Nd-substituted sample, while the crystal structure is
orthorhombic down to very low temperature, the modi6-
cation of the electronic state seems to exist below 50 K,
although it is small. Furthermore, as mentioned above,
also in La2 Sr Cu04, the small anomaly of the T;x
curve exists around x 0.115. From these results, it
can be considered that the modi6cation of the electronic
state in La2 Sr Cu04 with x 0.12, which is very
small and perhaps takes place below 40 K, is largely
enhanced when the structural phase transition temper-
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at x 0.12, the electronic state itself has an instabil-
ity causing the suppression of T, and this instability is
enhanced by the existence of the TLT phase. In con-
clusion, we have investigated the relation between the
structural phase transition and the transport properties
in Laq 9 Bo qSr Cu04. The structural phase transition
temperature to the TLT phase increases with decreasing
the ionic radius of R, reaching 150 K for the smallest
B=Tb with z = 0.125. The anomalous decrease of the
thermoelectric power S' with decreasing temperature is
observed below 80 K only in a narrow region around
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by Sm, Gd, and Tb whose structural phase transition
temperature for the TLT phase is higher than 80 K. In
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OMT phase at least down to 15 K, the gradual decrease
of S is also observed below 50 K. These results suggest
that the anomalous change of the transport properties is
responsible for an instability of the electronic. state itself,
and is not directly responsible for the structural phase
transition. The modi6cation of the electronic state in
Lap 875 yR„Srp y25Cu04 is greatly enhanced in the TLT
phase compared to the OMT phase.
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