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Boron and Nitrogen doped graphene layers constitute very important class of materials, 
mostly because B and N constitute natural dopants for carbon systems (p- and n-type, 
respectively). At higher concentration of dopants, one should actually consider such systems 
as binary or ternary alloys. A fundamental issue for any alloy is the degree of ordering among 
its constituent atoms and to quantify the alloy position between its extreme phases 
(completely random alloy or perfectly ordered crystal). In our previous studies, it has been 
shown that binary BxC1-x and NxC1-x layered alloys constituting ideal honeycomb lattice 
exhibit for the dopant concentration x ranging from 0 to 0.5, and temperatures up to 1500 K 
rather pronounced short range order and deviate strongly from the random alloys.  

In the present communication, we report the studies of BxC1-x, NxC1-x, and BxNyC1-x-y 
layered graphene based alloy structures containing typical for graphene internal defects, such 
as single and multiple vacancies, 5-7 Stone-Wales defects, and grain boundaries. We extent 
our studies also to the systems with reduced periodicity just considering the alloyed nano-
ribbons and platelets. Through the studies of energetics of the system, we determine first the 
thermodynamic equilibrium morphology of the studied systems and then we analyze short-
range and long-range ordering, as quantified by the Warren-Cowley short-range order and the 
Bragg-Williams long-range order parameter, respectively, employing the formalism 
successfully applied for nitride ternary and quaternary alloys [1]. This comprehensive analysis 
covers relevant range temperatures and is based on Monte Carlo (MC) calculations within the 
NVT ensemble employing Metropolis algorithm and Valence Force Field (VFF) approach to 
calculate the total energies of the of the system. We use Tersoff like potentials for C, N, and B 
atoms as parametrized by Matsunaga [2]. We perform also density functional theory based 
calculations (employing the SIESTA and sometimes VASP code) to test the predictions of VFF 
potential. We have also implemented into the computational algorithm the conjugate-gradient 
method to determine the equilibrium geometry. This turns out to be essential for systems 
containing edges and defects. To get reasonable statistics, we perform many Monte Carlo runs 
(with up to 2x105 MC steps per run) and perform simulations for temperatures up to 1500 K. 

The simulations are performed as follows. First, we choose a graphene ribbon or 
platelet and introduce randomly the required concentration of certain type intrinsic defects. 
We perform required number of MC steps to reach equilibrium at given temperature. Then we 
introduce the required concentration of dopant atoms by substituting carbon atoms by them 
according to the random distribution. Then we restart MC procedure and perform required 
number of MC steps till the equilibrium at given temperature is reached. Finally, we perform 
the analysis of the alloy ordering.  

Generally, the simulations for defected structures confirm the existence of the short 
range order in alloys (at least up to 1500 K) and the finding that the mixed C-N and B-N 
bonds are favorable for all dopant concentrations up to 50%, whereas B-B and particularly N-
N bonds are unfavorable. However, we observe also remarkable inhomogeneous distribution 
of B and N atoms around defects and edges in comparison to ‘bulk’ regions of alloys. 
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