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We developed a new method to calculate the true area of contact

completely ab-initio for the first time using a natural definition of initial

contact and Bader charge analysis.

The true contact area depends exponentially on the distance between

the contacting bodies.

Using a Morse potential as a fit to our data, we derive a sub-linear

power law for the dependence of the true contact area on load, which is

reminiscent of continuum theories.

We also achieve good agreement with the molecular dynamics model

of reference [3], but are able to obtain more detailed results with higher

resolution.

Our results have been recently published: Wolloch et al., PRB 91

195436 (2015)
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Historically the introduction of the concept of a real contact area by

Bowden and Tabor in 1939, which is substantially smaller than the

nominal one, was a huge step forward in understanding the laws of

friction [1]. Methods based on contact mechanics are very successful, but

break down if the size of the contact is approaching the atomic scale [2].

Atomistic methods using classical molecular dynamics [2,3,4] have been

used in more recent times to evaluate the real area of contact on the

atomic scale. However, none of these methods are completely parameter

free or applicable to all materials. For example Mo, Turner, and Szlufarska

de ne atoms to be in contact if they are interacting chemically and not just

via van der Waals interactions, but this distinction is also somewhat

arbitrary [3]. We developed an ab-initio approach to estimate the distance-

dependent real contact area between a tip and a surface. As an example

we use a tungsten tip over graphene on iridium, a system which has been

previously used to explain measured contrast inversion in AFM

experiments [5].

Introduction Contact area depending on distance

Computational details and Methodology

The tip is lowered in discrete steps towards 

the surface.

At each distance the surface and the tip relax 

while the substrate and the uppermost tip 

layer are fixed.

The charge density is computed on a fine grid 

for the relaxed positions. 

If contact is established the shape of the 

atoms is obtained by Bader analysis.

The contact area is evaluated by triangulation 

of the zero flux surfaces between the tip 

atoms and the graphene surface.

Real contact area A vs distance dr in the 

relaxed system between the tungsten tip 

and graphene/Ir(111). Blue crosses give 

the contribution of the tip from the apex 

atom and green plus signs show the 

contribution from the second layer (four 

atoms). The total contact area (red circles) 

is given by the sum of these two 

contributions and is fitted by an 

exponential (dashed line). The inset 

shows the total contact area versus the 

static distance ds . The dotted vertical line 

marks the jump to contact.

We find an exponential dependency of the true contact area A on the 

relaxed distance dr . Only data with non-zero A are used for fitting and 

𝐴∆= 1Å2 is included for dimensional reasons and has not been used 

as a fitting parameter

The exponential function in the inset was not fitted but calculated from 

Eq. 1 and the linear relation between dr and ds.

DFT calculations using the van der Waals 

corrected optB86b functional.

PAW potentials employed within the Vienna Ab-

initio Simulation Package (VASP) package.

Top and side view of the 

unit cell. Tungsten atoms 

are grey, carbon brown, 

and iridium yellow

In theory Bader atoms at surfaces extend to infinity, as the charge 

density is formally nonzero everywhere.

Thus, some cutoff density ρcut has to be used that limits the size of 

surface atoms. 

Choosing a cutoff density is equivalent to choosing the point of initial 

contact.

A natural definition of initial contact is given by the ”jump to contact” in 

AFM experiments.

In the simulation this jump manifests itself as a discontinuity between 

the static (ds ) and relaxed (dr ) distance.

In our case graphene buckles up between ds = 3.65 ˚A (a) and ds = 

3.53 Å (b).

The resulting density cutoff ρcut = 5 × 10−2 electrons per Å³ results in 

atoms of reasonable size and only ∼ 0.8% of electrons are lost into 

the vacuum.

Defining contact and obtaining the correct Bader-

cutoff density

Shape of the contact

Comparison of the contact area for a distance of ds = 1:85 Å between our 

ab-initio approach (colour depending on height; A = 21:13 Å²) and the 

method of reference [3] (green; A = 17:05 Å²).
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