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ABSTRACT:  MgB2 came under intense scrutiny two years ago, after  the unexpected discovery of superconductivity with Tc~40K. While originally research focused on the mechanism behind this high Tc, the doping experiments also provided evidence of puzzling structural instabilities in Mg1-xAlxB2. In this talk, I will present ab initio results demonstrating that Mg1-xAlxB2 tends to form superstructures consisting of alternating Al-rich and Al-poor layers. Such superstructures with alternating Al and Mg layers have been observed experimentally at x=0.5. I will also show that at x≠0.5, a proper inclusion of the configurational entropy predicts two regions of structural instability (regions in which two phase-separated alloys coexist), thus suggesting an explanation for the experimental puzzles. These calculations also suggest an explanation of the doping dependence of Tc. Finally, I will discuss the implications of these calculational results for other related materials.

