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Spin-Strain Phase Diagram of Defective Graphene
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Graphene can sustain elastic deformations as large as 20 %, and it is typically under a strain of several 

percent when deposited on surfaces [1]. However, there are not many experimental conditions under 

which  layers  of  graphene  remain  strictly  planar.  Strong  rippling  of  this  kind  can  be  induced  by 

adsorbates [2] and defects [3] such as that recently discovered for OH impurities [4]. Understanding the 

interaction between defect-induced deformations and ripples is one of the main challenges now faced in 

the study of the electronic structure of graphene. By theoretical calculations, it has been shown that  

substitutional doping [5]  and the presence of  defects  [6]  in graphene,  and in  graphitic  materials  in  

general, produce magnetism that is of interest in the potential use of these materials in spintronics.  In  

experiments, the irradiation [6] and ion bombardment [7] of carbon-based materials create vacancies 

which indeed are linked with magnetic signals. The vacancies [8] and edges [9] present in graphene 

layers have been the focus of detailed theoretical studies.  Although there have been both studies of the 

changes in  the electronic  structure induced by  rippling and studies of  defects  in  graphene,  to  our 

knowledge there have  been no studies of  the magnetism of  rippled  graphene.  Such a study is  of 

particular  interest  when  considered  alongside  the  effect  of  strain  on  the  structural  and  electronic 

properties of graphene.

Using calculations on defective graphene from first principles, we herein consider the dependence of the 

properties  of  the  monovacancy  of  graphene  under  isotropic  strain,  with  a  particular  focus  on  spin 

moments [10].  At zero strain, the vacancy shows a spin moment of 1.5 Bohr magnetons that increases  

to  2  Bohr  magnetons  when  the  graphene  is  in  tension.  The  changes  are  more  dramatic  under 

compression, in that the vacancy becomes non-magnetic when graphene is compressed more than 2 

%.  This  transition is linked to changes in the atomic structure that occurs around vacancies, and is 

associated with the formation of ripples.  For compressions slightly greater than 3 %, this rippling leads 

to the formation of a heavily reconstructed vacancy structure that consists of two deformed hexagons 

and pentagons.  Our results suggest that any defect-induced magnetism that occurs in graphene can be 

controlled by applying a strain, or some other mechanical deformations.

mailto:Contact@E-mail


Oral     
References

[1] M. Huang et al, Proc. Natl. Acad. Sci. U.S.A. 2009, 106, 7304.
[2] H. C. Schniepp et al., ACS Nano 2008, 2, 2577.
[3] U. Bangert et al., Phys. Stat. Sol. A, 2009, 206, 1117.
[4]  R.  C. Thompson-Flagg, M. J. B. Moura and M. Marder,  Eur.  Phys.  Lett.  2009, 85,  46002;  D.W. 
Boukhalov and M. I. Katsnelson, J. Am. Chem Soc.  2008, 130, 10697; C. Gómez-Navarro, J. et al  
Nanoletters 2010, 10, 1144.
[5] Y.H. Lee, S.G. Kim, and D. Tománek, Phys. Rev. Lett. 1997, 78, 2393; E. J. G. Santos, A. Ayuela, et 
al Phys. Rev. B, 2008, 78, 195420; E. J. G. Santos, D. Sanchez-Portal, and A. Ayuela, Phys. Rev. B 
2010, 81, 125433; E. J. G. Santos, A. Ayuela and D. Sánchez-Portal, New J. Phys. 2010, 12, 053012.
[6] P.O. Lehtinen, A.S. Foster, A. Ayuela, A. Krasheninnikov, K. Nordlund, and R.M. Nieminen, Phys. 
Rev. Lett. 2003, 91, 017202; Y. Ma, P. O. Lehtinen, A. S. Foster, and R. M. Nieminen,  New J. Phys. 
2004, 6, 68.
[7] P. Esquinazi et al, Phys. Rev. Lett. 2003, 91, 227201; H. Ohldag et al, Phys. Rev. Lett. 2007, 98, 
187204; A. V. Krasheninnikov and F. Banhart, Nat. Mater. 2007, 6, 723; C. Gomez-Navarro et al , Nature 
Materials 2005, 4, 534.
[7] M. M. Ugeda et al, Phys. Rev. Lett. 2010, 104, 096804.
[8] V. M. Pereira et al, Phys. Rev. Lett. 2006, 96, 036801; O. V. Yazyev, Phys. Rev. Lett. 1998, 101,  
037203.
[9] M. Fujita et al, Phys. Soc. Jap. 1996, 65, 1920; T. Enoki, Y. Kobayashi, and K. I. Fukui,  Int. Rev.  
Phys. Chem. 2007, 26, 609.
[10]  E. J. G. Santos, S. Riikonen, D. Sánchez-Portal,  and A. Ayuela,  J.  Phys. Chem. C,  2012,  116, 
7602.

Figures

Figure caption: (A) Graphene with vacancies under an isotropic compression of 1.2%.  As an example we use the  
10x10 unit cell (highlighted). The inset shows the geometry of the vacancies and the atomic labels.  The local  
bending at the vacancies is described by the angle theta between the pentagon and the plane defined by three C  
atoms around the vacancy, i.e. two equivalent atoms labeled 1 and a third atom labeled 2.  Note the rippling of  
graphene sheets with vacancies at the saddle points.  (B) A different vacancy structure for a compression slightly  
under 3%. It has two distorted hexagons and pentagons, while the central C atom shows strong sp_3 hybridization.
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