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Abstract  
 
A new way of incorporating single nitrogen atoms in a graphene sheet, which involves a treatment in the 
late afterglow part of a plasma, has been developed by an experimental team

[1,2]
. It aims to maximize 

the substitutional, or graphitic, doping while minimizing the damage done to the graphene. With the 
software package ABINIT

[3,4]
, we have carried out some first-principles calculations of different 

configurations of doping nitrogen atoms in a graphene sheet. We obtained the formation energies of the 
structures to study whether they are realistic configurations. We found that vacancies in the graphene 
sheet facilitate the incorporation of nitrogen atoms and, in particular, that the substitutional doping has 
the lowest formation energy. We also studied the energetic of nitrogen atoms adsorbed above the 
carbon plane because it plays a role in the process of functionalization. Using the Nudged Elastic Band 
method (NEB), we were able to calculate energy barriers for the diffusion and the in-plane absorption of 
these atoms. 
 
 
References 
 
[1] Afonso J. Ferreira, L. Stafford, R. Leonelli, and A. Ricard. “Electrical Characterization of the Flowing 
Afterglow of N2 and N2/O2 Microwave Plasmas at Reduced Pressure.” Journal of Applied Physics 115, 
no. 16 (2014): 163303. 
 
[2] Afonso J. Ferreira, H P T Nguyen, Z Mi, R Leonelli, and L Stafford. “Improvement of the Emission 
Properties from InGaN/GaN Dot-in-a-Wire Nanostructures after Treatment in the Flowing Afterglow of a 
Microwave N₂ Plasma.” Nanotechnology 25, no. 43 (2014): 435606. 
 
[3] Large scale ab initio calculations based on three levels of parallelization. F. Bottin, S. Leroux, A. 
Knyazev, G. Zerah, Comput. Mat. Science 42, 329, (2008). 
 
[4] ABINIT : First-principles approach of materials and nanosystem properties. X. Gonze, B. Amadon, 
P.-M. Anglade, J.-M. Beuken, F. Bottin, P. Boulanger, F. Bruneval, D. Caliste, R. Caracas, M. Cote, T. 
Deutsch, L. Genovese, Ph. Ghosez, M. Giantomassi, S. Goedecker, D.R. Hamann, P. Hermet, F. Jollet, 
G. Jomard, S. Leroux, M. Mancini, S. Mazevet, M.J.T. Oliveira, G. Onida, Y. Pouillon, T. Rangel, G.-M. 
Rignanese, D. Sangalli, R. Shaltaf, M. Torrent, M.J. Verstraete, G. Zerah, J.W. Zwanziger. Computer 
Phys. Comm. 180, 2582-2615 (2009). 
 
 
Figures 
 

 

mailto:olivier.malenfant-thuot@umontreal.ca

