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Phosphorus (P) is a key element for chemistry, 

physics, biology and Earth and planetary sciences [1], that 

exists in several allotropes with very different properties. 

In the recent years, a great interest has grown in the 

scientific community towards the synthesis, stabilization 

and functionalization of Phosphorene, a promising 2D 

platform material obtained from the exfoliation of layered 

crystalline black Phosphorus (bP) [2,3]. In this 

perspective, the layered phases of P are of special interest, 

and particularly orthorhombic A17, which is the stable 

allotrope of the element at ambient conditions, and 

rhombohedral A7, obtained by room temperature 

compression of A17 above ≈5 GPa and whose single layer 

is referred to as blue phosphorene. On further compression 

above ≈11 GPa, the A7 allotrope was reported to 

transform into a simple-cubic (sc), non-layered structure. 

A recent high pressure study [4] has allowed to gain 

fundamental insight about the mechanism ruling the 

formation of chemical bonds between P layers, unveiling 

the existence of an intermediate p-sc structure between the 

layered rhombohedral A7 and the non-layered simple-

cubic phases of P, significantly raising the pressure limit 

where layered phases of P can be observed up to at least 

30 GPa, with great implications not only for the phase 

diagram itself but also for the superconducting behaviour 

of P. Furthermore, we have shown [5] that p-sc structure 

is an intrinsic feature of P, that does not depend on the 

pressure transmitting media, and at the same time we 

derived the Equation of State for A17, A7 and p-sc phases. 

In addition, the A7 to p-sc transition was demonstrated to 

follow a first order mechanism. Highlighting the structural 

relations between A7 and p-sc, we were finally able to 

solve the apparent contradictions emerging from previous 

literature data, bringing order to the sequence of HP A7 

layered structures in group 15 elements [5]. Besides the 

structural features, also the study of reactive behaviour of 

P is of great interest for what is concerned with its 

stability. In this framework, we studied the high pressure 

and high temperature chemistry of Phosphorus in the 

presence of simple molecular systems (NH3, N2). Besides 

the N functionalization of Phosphorene layers, this kind of 

studies are relevant to the substantially unexplored 

chemistry of the low Z pnictogens and to the synthesis of 

new PN compounds [6]. 
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