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The best known two-dimensional monolayer is graphene. 
Based on graphene layers it is possible to design various 
nanoelectronic devices, which can provide the transition 
from microelectronics to nanoelectronics and increase the 
density of information storage in electronic devices and 
their speed. The obstacle to the use of graphene layers in 
electronics is that their conductivity is metallic, and 
electronic devices require layered nanostructures with 
semiconductor properties. It is possible to change the 
properties of carbon monolayers by forming them from 
atoms in different hybridized states. This work is studies 
sp+sp2 carbon compounds (graphyne layers) based on 5-7a 
graphene layer was investigated, and the their structural 
and energy parameters and electronic properties were 
calculated. 
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The model of construction of the sp+sp2 graphyne layers was 
performed by replacing the carbon-carbon bonds in the graphene 
layers (the atoms in which are in three-coordinated, sp2-hybridized 
states) with two-atom fragments of the carbyne chains (the atoms 
in which are two-coordinated, sp-hybridized). When one bond at 
each atom of the graphene layer is replaced with a carbyne chain, 
four structural varieties of γ-graphyne layers are obtained. 
Replacing two bonds are results in four β varieties of graphyne 
layers. If we replace all the bonds at each atom with carbyne 
chains, we obtain only one layer with an α structure. The structural 
parameters obtained at this stage were used as inputs for further 
calculations by Density Functional Theory (DFT) in Generalized 
Gradient Approximations (GGA). DFT-GGA calculations were 
performed using the Quantum ESPRESSO software package 
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     Thus, ab initio DFT-GGA calculations have established that only α-L5-7a and β-L5-7a 
graphyne layers, whose sp:sp2 atom ratio is 3:1 and 2:1, respectively, have a stable 
structure. Hybrid graphyne layers of γ-L5-7a type consisting of sp+sp2 hybridized 
atoms at a ratio of 1:1 tend to transform their structure transforming into graphene 
layers consisting only of sp2 hybridized atoms. Conducting properties of the 
investigated graphyne layers are metallic. A possible way of experimental synthesis 
of the new polymorphic graphyne varieties could be polymerization of the 
molecular structures having the structure of the carbon framework close to the 
structure of the corresponding graphyne layers. Practical application of new 
graphyne nanostructures is possible as molecular sieves, in hydrogen power 
engineering and in lithium batteries. 
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