Crystal structure determination of SiH4 under extreme pressure
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Hydrogen, as the most abundant and lightest element in the universe, is the object of both fundamental physics research (regarding superconductivity) and more practically oriented applied research (in the context of hydrogen storage). Metallization in pure hydrogen has been expected for over a decade to give rise to superconductivity with very high transition temperature [1], but alas, contemporary techniques fall far short of the required enormous pressure of around 400 GPa [2,3]. In this connection, it was suggested a few years ago that pre-compression via “chemical pressure” from the group IV elements in hydrogen-rich materials such as CH4, SiH4, and GeH4 may represent a feasible approach to achieve metallization of hydrogen [4]

Very recently, two successive experiments on the metallization of SiH4 have been reported [5]. From infrared-reflectivity measurements, Chen et al. observed a Drude-type metallization of silane at 60 GPa, while the subsequent experiment by Eremets et al. discovered a metallic state of silane starting at 50 GPa. Meanwhile, earlier theoretical works have remained focused only on the pressure regime above 150 GPa. Compared with the ground state insulating phase of silane (I41/a), a metallic phase was predicted to be favored at 260 GPa [6]. Others have shown only a dynamically meta-stable phase or a semi-metallic one. 

In this presentation, we describe a systematic theoretical test series based on state-of-the-art first-principles methods that was designed by us to determine the metallic phase for silane from a pool of plausible phases [7]. At the conclusion of our elimination process, we identify the P4/nbm phase as the single most likely candidate phase for metallic silane. P4/nbm exhibits good metallic nature for pressures above 60 GPa as seen from our GW calculations. This phase also becomes favored energetically over the insulating phase I41/a at 97 GPa when zero-point energy contributions are included in the calculations. These findings by us are in excellent agreement with the recently published experimental measurements. As an additional confirmation, we found our calculated Raman spectra to match those from experiment. Furthermore, we are able to predict based on dynamical stability calculations that the metallic P4/nbm phase could even exist from 43 GPa on as a meta-stable form of silane. 
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