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ABSTRACT

The control of atomic structure of ultrathin films on the atomic level is one of the key issues in
the rapidly developed field of the 2D films. Here | will present our recent results in the field of
theoretical analysis of the already experimentally obtained carbon nanomaterials and our
predictions of perspective structures with specific properties.

Bilayered graphene
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Hole size

| will show how a few-layer graphene can undergo phase transformation into ultrathin dia-
mond film under reduced or no pressure, if the process is facilitated by hydrogenation or fluo-
rination of the surfaces. Such “chemically induced phase transition” [1] is inherently
nanoscale phenomenon, when the surface conditions directly affect thermodynamics, and the
transition pressure depends greatly on film thickness. Ab initio computation of Gibbs free
energy of the subsequent adsorption of reference atoms allows to directly observe a
nanoscale diamondization process and estimate a nucleation barrier. We show that diamond
formation considerably depends on graphene layers number, their packing, type and arrange-
ment of adatoms as well as external parameters and therefore requires they fine tuning in the
further experiments [2].

| will present a study of new nanostructures based on the bilayered graphene with periodical-
ly arranged holes (bilayered graphene antidots). Our ab initio calculations show that fabrica-
tion of holes in bigraphene leads to connection of the neighboring edges of the two graphene
layers with formation of a hollow carbon nanostructure sheet which displays wide range of
electronic properties (from semiconductor to metallic), depending on the size of the holes and
the distance between them [3] whereas multilayered graphene irradiation with high-energy
heavy ions allows to observe the formation of such pores in the upper layers of the films [4].
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