Pressure Induced Superconductivity and Structural Properties of Lithium under High-Pressure
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Pressure effectively tunes structural, electronic and superconducting properties of materials. For lithium, it has been reported that superconducting transition temperature Tc reaches 20 K [1], which is the second highest value observed for elements, and shows complex pressure dependence [2] [3]. In the structural studies, crystal structures transforms from fcc to lower-symmetry phases above 40 GPa [4]. The relationship between electrical properties, including superconductivity, and crystal structures, is fundamental interest. Because, detailed properties of crystal structure and superconductivity will provide the essential information in understanding the superconductivity of alkaline metals, which shows relatively high-Tc under high pressure.
We have performed the simultaneous measurements of electrical resistance and X-ray diffraction (XRD) on lithium at high-pressures and low-temperatures. This simultaneous study makes it possible to obtain clearly the relationship between crystal structure and electrical state. Experiments were performed in Spring-8 BL10XU. The structural transitions fcc → hR1 → cI16 near 40 GPa [3] and transitions to higher pressure phases were observed above 70 GPa. Tc increases with applied pressure and has a maximum in fcc phase. At higher pressures, Tc decreases in hR1 phase and increases again in cI16 phase with applied pressure. Li transits from metal to semiconductor above 80 GPa. 
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