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Various properties of graphene have been intensively investigated in numerous publications 
after its experimental observation in 2004 [1]. However, a question regarding the way in which the 
valence charge density is redistributed in the vicinity of a graphene monolayer when an external 
electric field is applied was not considered in detail. 

This topic was touched to some degree by studying the problem of screening of the electric 
field induced by point charges in bulk graphite [2-5]. Thus, the in-plane distribution of the induced 
charge has been actively discussed [6-9]. As for the charge distribution in the direction 
perpendicular to the plane of carbon atoms, it was assumed to be coinciding with it. 

The charge distribution in the perpendicular direction was studied by considering two- and 
multi-layer graphene films [10-11] but, to the best of our knowledge, not for a monolayer graphene.  
Moreover, regarding the position of its center of mass of the charge induced by an external electric 
field with respect to the plane of carbon atoms, we are unaware of such work or for a graphene film 
of any thickness. As a matter of fact, this question is important since, for instance, the position of 
the centroid of the induced density determines the so-called image-plane position that is a “real 
position” of a solid surface for many phenomena occurring there. It determines a “physical” 
position of a metal surface when an external perturbation is applied. A similar problem was widely 
studied in the case of metal surfaces. In general, this “real” surface position is different from the 
spatial localization of a geometrical crystal edge, staying towards the vacuum side [12-16]. 

It is usually assumed for a quasi two-dimensional (2D) system that the excess charge is 
confined within an infinitesimally thin 2D layer. Certainly, this assumption is reasonable if the 
relevant distance largely exceeds the atomic scale. However, it is critical to take into consideration 
what occurs on the atomic scale. Knowledge of the localization of the induced charge density is 
important in many fields of surface science. For instance, it determines the reference plane for the 
image-potential felt by an external charge placed in front of a surface. If this charge is an excited 
electron with energy below the vacuum level, it can be trapped by this image potential in a state 
belonging to an infinite Rydberg-like series [17].The members of this series are referred to as 
image-potential states (IPSs). 

In our previous work devoted to the IPSs in graphene it was assumed [18] that the image 
plane locates at the carbon atom plane, which seems reasonable owing to the mirror symmetry of 
the system. Consequently, all the quantum states should be symmetric or anti-symmetric with 
respect to the carbon atomic plane. As a result, a double Rydberg-like series of IPSs was predicted 
to exist in a free-standing graphene monolayer since two surfaces are separated by a single atomic 
layer of matter only. 

Our goal in this work is to perform the direct density-functional theory (DFT) calculations of 
redistribution of the valence charge density around a free-standing monolayer graphene upon 
application of an external electric field. From this, we establish the shape of the induced charge 
density caused by the electric field. From it we determine the image-plane position. Subsequently, 
the thus obtained image-plane position is employed for the construction of a new hybrid 
“DFT+image-tail” potential. With this potential a new set of binding energies for IPSs is obtained 
and compared with the previous ones. Some other applications will be discussed. 
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