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he unconventional bonding in the crystalline phases of phase change materi-
als (PCMs) has been discussed in the literature using different chemical bonding
models.[1-8] One of those models proposes that PCMs feature electron-rich mul-
ticenter (ERM) bonds related to materials with a pre-ERM bonding scenario
characterized by a combination of a primary covalent ppsigma-bond and a sec-
ondary bond in which the lone electron pairs (LEPs) are involved.[2,4-8] Since
the pre-ERM bonding scenario occurs in group-V (As, Sb, Bi) and -VI (Se, Te)
elements,[9] we show, by means of quantum-mechanical calculations, that these
elements develop ERM bonds at high pressure as they approach sixfold coordi-
nation. Interestingly, polonium, in both its alpha- and beta- phases, is the only
element that shows ERM bonds at room pressure. We also show that the ERM
bond formation mechanism, which can show up to three stages, depends on the
type of LEP present in secondary bonds. This work provides a comprehensive
understanding of the ERM bond formation that is key to improving the perfor-
mance of advanced materials, such as PCMs, topological insulators, and highly
efficient thermoelectrics of the IV-VI and V2-VI3 families.
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