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Abstract
At ambient conditions, simple alkalies or alkaline earth elements behave as free-electron metals and adopt highly
symmetric close-packed structures. According to the standard view, under pressure simple metals should even
become more free-electron-like. However, recent results reinforce the idea that their electronic density becomes
quite complex under pressure. The emergence of an increasing inhomogeneous and anisotropic electronic density
is related to the fact that, under pressure, valence electrons localize at the interstitial sites making the electrons
hybridize, and this is directly reflected in their band structure. Indeed, some bands are flattened, other softened
and, in general, it is difficult to predict what the evolution of the band structure will be under compression. With
respect to the dynamical properties, it has been made clear that pressure not necessarily hardens the phonons.
Actually, in many cases some phonons soften, which might induce instabilities to appear and drive phase
transitions to a series of complex structures of lower symmetry, along with significant changes of their physical
properties. Interestingly, soft phonons turn out to be very important under pressure, as they are those that most
strongly contribute to the electron-phonon coupling constant, and therefore,the superconducting transition
temperature is normally enhanced under pressure. Associated to this phonon softening, anharmonicity might also
become critical under pressure. For example, the role of anharmonicity is crucial to stabilize the simple cubic phase
of calcium, which under pressure becomes a quantum anharmonic solid.
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