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Driven by a recent experimental evidence that single-atom layer boron sheets with hexag-
onal vacancies, called borophenes, can be produced on metallic substrates [1], we con-
ducted a detailed computational analysis involving all the theoretically anticipated and
experimentally obtained 2D boron structures.

Using first principles calculations, we established that the key mechanism that ac-
counts for the stabilization of 2D boron structures (over 3D ones) on metallic substrates
is the charge transfer from the substrate to the layer. In general, negative charge stabilizes
2D boron structures over 3D geometries, whereas positive charge makes bulk structures
energetically more feasible. Moreover, the amount of the negative charge that is trans-
ferred may serve as a parameter that controls the type of structure that is formed on the
substrate.

The second purpose of this work was to compare the properties of one specific form
of borophene denoted as the β-sheet (see Fig. 1), that is predicted by theory but not yet
obtained experimentally, with graphene. In the same way as benzene can be regarded as
the origin of graphene, the β boron sheet has an aromatic building block called borozene
[2]. From first principles calculations, we determined that the lattice constant of the
β-sheet is about twice as large as that of graphene, however its density is more than two-
times larger. The β-sheet is much softer (the 2D bulk modulus is 107 N/m) than graphene
and therefore should be easier to wrap up into a nanotube. The electronic band structure
of the β boron sheet (see Fig. 2) is quite similar to that of graphene with that main
difference that the valence and conduction bands, instead of being in contact, overlap
each other at the vicinity of the K point of the BZ. This and the newly-created sheets of
boron atoms [1] could outperform even graphene as electrically-conductive material. The
comparison of the β-sheet with other 2D and quasi 2D materials will be also given.

Figure 1: β boron sheet (a = 4.963 Å). Figure 2: Electronic band structure.
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