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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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SPECIFIC-HEAT ANOMALIES IN La, M, CuO,(M=Ba, Sr; x=0.09, 0.12, 0.15) NEAR 70
AND 100K

D.A. WRIGHT, J.P. EMERSON, B.F. WOODFIELD, R.A. FISHER, N.E. PHILLIPS, M.K.
CRAWFORD?, and E.M. McCARRON, III*

Materials Sciences Division, LBL, Berkeley, CA 94720 USA and *E.L du Pont de Nemours
Co., Inc., Wilmington, DE 19880-0356 USA

Specific heat measurements show, for LMCO [M=B(Ba), S(Sr); x=0.09, 0.12, 0.15],
hysteresis and anomalous behavior in the 85-125K region and, for LBCO(0.12) and
LSCO(0.09), similar magnetic field-dependent anomalies near 70K. Neutron and x-ray
studies by others have shown the existence of an orthorhombic-tetragonal transition for
LBCO near 70K but gave no indication of structural transitions in the other cases. The
occurrence of transitions, and their x-dependence, in these materials is of interest for the
possibility of its connection with the x-dependence of superconducting properties including
the isotope effect.

On cooling, LBCO with 0.05 <x<0.2 undergoes a series of structural transitions: high-
temperature tetragonal (HTT) —low-temperature orthorhombic (LTO) —low-temperature
tetragonal (LTT)'?. The LTO and LTT phases coexist in a ratio depending on x and T
These structural changes involve small rotations of the Cu-O octahedra, which causes a
buckling of the CuO, planes’. The small differences between the LTO and LTT structures
produce large effects on the superconducting properties. For x=0.12 (mostly LTT phase)
there is a large reduction in the Meissner fraction'”. There are also anomalies in the
resisfivity, Hall coefficient, thermoelectric power and magnetic susceptibility near the
LTO-LTT region®. There is a correlation of the isotope effect with the LTO—LTT
transition®®, which is consistent with a recent theoretical analysis of the LTT phase7
Although LSCO shows an essentially identical x-dependence of the isotope effect’, similar
structural studies show no evidence of the existence of the LTT phase®®,

Specific-heat (C) measurements in the range 0.3-125K in magnetic fields (H) of 0 and
7T were undertaken to study the structural transitions in LBCO and to search for evidence
of similar transitions in LSCO. A preliminary report on the results is presented here.

Zero field and 7T data for LBCO(0.12), for which the maximum extent of the LTO-



LTT transformation is expected, are displayed in Fig. 1. They show the occurrence of an
anomaly near 70K, the approximate temperature of the transition, and a second anomaly
at higher temperatures. The 70-K anomaly is clearly suggested by the zero-field data; it is
suppressed, to below a smooth interpolation between the high- and low-temperature data,
in 7T. (The field dependence of the anomaly is qualitatively consistent with the occurrence
of an anomaly in the susceptibility*.) It is displayed as [C(0)-C(7T)]/T in the upper part of
Fig. 2. LBCO(0.09, 0.15), for which the LTO-LTT transition occurs to a lesser extent,
showed no detectable anomaly or field dependence of C in the region of 70K. However,
for LSCO(0.09), for which structural studies have failed to detect an LTO-LTT transition>®,
there is a 70-K anomaly in some ways similar to that in LBCO(0.12). The anomaly is nbt
conspicuous in the zero-field data, but the field dependence of C in that region, shown in
the lower part of Fig. 2, is clearly very similar to that of LBCO(0.12). (The feature near
30K is associated with the superconducting transition.) For both anomalies there is an
entropy discrepancy in the vicinity of 100K, but it could be compensated by a small field
dependence of C, within the experimental error, at higher temperatures.

All samples showed features somewhat reminiscent of the second, higher
temperature, anomaly in LBCO(0.12). For all LSCO samples, C was dependent on the
thermal history for T>80K. For LBCO(0.12, 0.15) no such hysteresis was observed, but for
x=0.09 marked hysteresis was observed. Figure 3 is a plot of C/T vs. T for T>75K showing
the anomalies in the 100K region. For LBCO(0.09) two data sets are shown to illustrate the
hysteresis. For those cases where there was no hysteresis, there was little or no effeét of H
on C for T>80K. There is a recent report® that for LSCO(0.12) the elastic constants show
a small anomaly centered near 110K, but there seems to be no other evidence of structural
changes.

In conclusion, for LSCO, a feature has been f_ound in C similar to that observed at
70K in LBCO. The nearly identical x-dependencies of the isotope effects in the two systems
may well be related to this feature, in spite of the failure to detect a structural transition in
LSCO by other means. In addition, anomalous behavior in the 85-125K region for all

samples indicates the occurrence of previously unrecognized phenomena.
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FIGURE CAPTIONS

Fig. 1. Anomalies in C near 70 and 100K for LBCO.
Fig. 2. Field dependence of C for LMCO below 100K.
Fig. 3. Anomalous region in C for LMCO,85<T<125K.
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