Pressure induced lattice instability and phase separation in the cuprates
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Abstract

Chemical doping induces radical modifications in the characteristic properties of the high Tc cuprates, with the appearance of superconductivity in a small range of carrier concentration. The systematic studies over the years have proved that there are several competing order parameters, which complicate the phase diagram. Hydrostatic pressure is one, rather clean, way to investigate the phase diagram and the competing parameters without the complications that arise from possible inhomogeneities in the case of chemical doping. Over the last years we have carried out systematic Raman measurements under high pressure on several high Tc cuprates, which have indicated lattice instabilities and phase separation at critical pressures, where the transition temperature shows a non-linear dependence on pressure. Those studies anticipate that the hydrostatic pressure has a non-linear effect on the structure of those compounds. We have carried out high pressure structural studies on several cuprates using a synchrotron source that can reveal the small structural modifications. The data show strong deviations from the normal behaviour at characteristic pressures, hysteresis, and the appearance of additional peaks that can be attributed to a new phase. The combined data of synchrotron angle-dispersive experiments with the optical measurements indicate that at some critical pressures, which vary among the cuprates, at least for certain compounds non-linear effects are observed together with phase separation. These effects apparently modify the charge distribution and correlate with the Tc dependence on pressure. 
