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Non-linear kinetic rection behavior can induce a notable number of spatio-temporal phenomena in 

the form of periodic oscillations, pattern formation and even chaos. Next to the weather and biological 

systems such as neuronal networks, non-linear dynamics also play a crucial role in surface reactions. 

For their investigation using CO oxidation as a model reaction on Pt single crystal, Gerhard Ertl 

received the Nobel prize in 2007 [1].  

In this work, we extended these studies to the nanoscale, utilizing catalytic hydrogen oxidation on Rh 

as model system. By field emission microscopy (FEM), we observed reaction behavior in situ and in 

real time, on Rh nanotip apices mimicking catalytic nanoparticles [2]. The FEM video material was 

evaluated using a newly developed toolbox of analysis methods, allowing the determination of local 

oscillation frequencies, spatial correlation, reaction front propagation and pacemakers. Using the 

gathered knowledge, a set of non-linear chemical behavior ranging from synchronized 

monofrequential oscillations and spatially decoupled multifrequential oscillations to rhythmic 

behavior and deterministic chaos could be induced on the nanoscale catalytic system by tuning the 

catalyst shape and the reaction conditions [3]. The experimental work was complimented by 

theoretical simulations using micro-kinetic modelling, which was extended to 2D coupled oscillator 

networks to accurately represent the observed behavior [4]. The combination of real-time nanoscale 

microscopy, advanced evaluation techniques and simulations made possible to reveal the role of 

surface crystallography for catalytic functionalities and understanding the importance of interaction 

between adjacent regions towards the full potential of the catalytic reaction. 
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