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In the last years, much work has been devoted tlengtand many unconventional
properties of graphene sheets, such a large thewnaluctivity, anomalous quantum
Hall effect, Klein tunneling, very large electrorohility, optical transparency, etc [1].
However, the possibility of atomic diffusion from alectrode on one side to the other
side of a graphene layer, and how it becomes nsnifieelectronic measurements,
has received little attention. However, if the drape sheet has defects or vacancies
this situation can vary significantly [2].

We studied, by means of first principles calculasiohow the presence of vacancies
and defects modifies the energy barrier needeatfamic diffusion of a metal, from
one side of a graphene sheet to the other sideedi&der the effect of a Stone-Wales
defect, a single vacancy and a pristine grapheeetsisee Figure 1. The selected
metal species were Co, Cu and Au.
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Figure 1: (a), (b) frontal and side view of theugetor a single metal atom crossing
graphene. (c) frontal setup used to study a deéegtaphene sheet.

In the case of the diffusion of a single atom asrpristine graphene the energy
barriers are quite large, and the breaking of caxsrbon bonds is necessary for
atomic tunneling. However, a single vacancy defact decrease this barrier by more
than 85%. An Stone-Wales defect also can decrbasbdrrier, see Figure 2.
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We also studied the permeability of an atom beloggb a metal cluster. In this
context, for pristine graphene, the energy barrégeslarger than for a single metal
atom. This seems intuitive, since an additional aietietal interaction hinders the
permeation across the graphene sheet. However,caneya can have important
consequences for a Co atom: the barrier is rembyrlsafaller, and the permeation is
energetically favorable. This permeated Co atonl afftach to the vacancy very
strongly, sealing it from further Co diffusion. Oconclusions indicate that resistivity
and conductivity measurements of defective grapineeel to be carefully interpreted,
independently of the electrodes used, if vacaraiegpresent in the sample.
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Figure 2: Energy barrier when a single metallicratyosses through graphene. The
x-axis denotes the position of the metal atom angsthe graphene sheet (x=0). The
y-axis is adjusted to be zero at the beginningashecurve. The metal atom
approaches from the negative values of the x #&xsdynamical dependence is
evident in the asymmetry of the curves. The cungdsg defective graphene have a
dashed line, the curves using a Stone-Wales defeet star symbols.



