
1. Vishnoi P., Pramoda K., Rao C.N.R. 2D Elemental nanomaterials beyond graphene //
Chem Nano Mat. – 2019. – 5. – P. 1062–1091.

2. Zhou D., Li H., Si N., Li H., Fuchs H., Niu T. Epitaxial growth of main group monoele-
mental 2D materials // Adv Funct Mater. – 2020. – 31. – P. 2006997.

Single element 2D materials and methods 
of their epitaxial synthesis  

Izhnin I.I.1, Voitsekhovskii A.V.2, Kokhanenko A.P.2, Lozovoy K.A.2,
Dirko V.V.2, Vinarskiy V.P.2, Fitsych O.I.3

1 Scientific Research Company “Electron-Carat”, 
Stryjska St., 202, Lviv 79031, Ukraine.
E-mail: i.izhnin@carat.electron.ua
2 National Research Tomsk State University, 
Lenina Av., 36, Tomsk 634050, Russia.
3 P. Sagaidachny National Army Academy. 
Gvardijska St., 32, Lviv-79012, Ukraine.

Graphene-like allotrope modifications of single elements, such as borophene
(B), silicene (Si), germanene (Ge), stanene (Sn), plumbene (Pb), phosporene (P),
arsenene (As), antimonene (Sb), bismuthene (Bi) with two-dimensional
honeycomb lattice are among the main goals of research for the last years due to
their exotic electronic and optical properties caused by unique band structure, small
effective masses, high electric and thermal conductivity and exceptional
mechanical characteristics [1]. Progress in the epitaxial methods of synthesis of
heterostructures with monoelemental 2D crystals makes it possible to create
devices of new generation: topological transistors, high-sensitive sensors, energy-
intensive power sources, supercapacitors, thermoelectric generators, quantum
computers [2].

In this work we report on recent progress in the synthesis and implementation of
monoelemental 2D materials. Peculiarities of epitaxial synthesis of single element
two-dimensional materials, such as borophene, silicene, germanene, stanene,
plumbene, arsenene, antimonene on various substrates are pointed out. Different
stages of formation of two-dimensional layers with the thickness from one to several
monolayers, including possible nucleation of two-dimensional and three-dimensional
islands are described. Physics and mathematical model of thin film growth and
islands nucleation in the considered systems is proposed. The possibilities of
decreasing the surface roughness, suppressing the nucleation of islands and
preventing the transition to undesirable three-dimensional growth are identified.
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