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As combined efforts of industrial and basic research push the dimensions of future devices, 
machines and concepts down to the nanoscale a fundamental understanding and a molecular-
level control of the involved mechanisms and interactions is crucial for the ultimate realization 
of these technological advancements. As the dimensions are reduced, surface forces 
increasingly gain importance for the overall system behaviour and tribological properties as 
friction, wear and lubrication limit the reachable degree of miniaturization for moving 
nanocomponents as for example in nano-electromechanical systems (NEMS). Due to the small 
dimensions direct measurements of e.g. included forces or surface potentials are challenging 
and either afford extensive experimental setups [1,2] which only allow for quantitative 
information when complex contact mechanics are included, or research is restricted to MD 
simulations which are limited in terms of complexity of the treated problems and to the 
confined computing resources [3,4]. 
We have developed a fast and easy method for the quantitative determination of the mobility 
and sliding friction force of gas phase deposited nanoparticles on amorphous carbon by simple 
image analysis. This is done by a combination of experimental studies on the agglomeration 
behaviour of gas phase deposited nanoparticles on surfaces with simulations on the Brownian 
diffusion of these particles. 
Nanoparticles tend to agglomerate. Here 5nm sized FePt nanoparticles are deposited from the 
gas phase on aC substrates. As shown in Figure 1 (a) the fraction of agglomerated particles 
increases with increasing particle density. This is partly due to the statistical arrival of the 
particles. The according fraction is simulated and depicted as a blue curve. The experimentally 
derived agglomeration (plotted as symbols) is clearly higher than this purely random 
agglomeration. This means, the nanoparticles have to be mobile after deposition. In order to 
determine the nanoparticle mobility we assumed Brownian particle diffusion in two 
dimensions, described by 
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with the diffusion constant D=10-12m2/s, taken from the literature [5,6]. With a constant rate of 
Fd = 106/s we randomly deposited particles on a substrate with dimensions LxL and periodic 
boundary conditions. After deposition, the particles are allowed to move randomly on the 
surface for a limited time td, after which they are assumed to have exhausted their initial kinetic 
energy by friction effects. Furthermore, the particles are blocked immediately when they 
agglomerate with another particle. Adjusting the unknown diffusion time td to the 
experimentally observed agglomeration rates revealed, that the particles diffuse for about 10µs 
(equivalent to 40 nm) after deposition (Figure 1b). Assuming, the initial kinetic energy (in the 
order of 3eV/ particle) is completely transferred to frictional effects, which is realistic at this 
low kinetic energy (soft landing), we determine the sliding friction force F to be in the order of 
10-1nN which is in well agreement with previous results of SFA or FFM studies. 
The presented method is applicable for all mobile nanostructures on arbitrary substrates. 
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Figure 1: a): Fraction of agglomeration vs. the nanoparticle density as derived from experiment and simulation. 
b): Calculated agglomeration vs. density curves for particles which are deposited at random positions at the 
substrate and are then allowed to diffuse to diffuse on the surface by a limited time td. 
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