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Understanding catalysis, and in particular heterogeneous catalysis, has been based 
on the investigation of model systems. The enormous success of metal single 
crystal model surface chemistry, pioneered by physical chemists, is an 
outstanding example. Increasing the complexity of the models towards supported 
nano particles, resembling a real disperse metal catalyst, allows one to catch in 
the model some of the important aspects that cannot be covered by single crystals 
alone. One of the more important one is the support particle interface. We have 
developed strategies to prepare such model systems based on single crystalline 
oxide films which are used as supports for metal and oxide nano particles, whose 
geometric structure, morphology, electronic structure, as well as interaction and 
reaction with molecules from the gas phase may be studied at the atomic level. 
Using a number of examples we show how the knowledge gained may be used to 
design systems with predetermined properties. 
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Implementation of fully functional devices based on the concept of Molecular electronics 
depends strongly on our ability to characterize, control and exploit properties of single 
molecules on surfaces. Scanning probe technique offers the unique possibility to tackle these 
goals. As a proof, we will present recent achievements accomplished in Nanosurf Lab. First, we 
will employ high-resolution AFM/STM imaging [1] to demonstrate chirality transfer during on-
surface chemical reactions [2]. This control opens a new way of expressing 2D chirality in so 
far unexplored types of organic-inorganic chiral surfaces.  

Second, we will show presence of piezoelectric effect on single helical molecules on surfaces. 
Namely force spectroscopies measured on single helicene molecules reveal strong bias-induced 
deformations. We corroborate the experimental evidence by the total energy DFT simulations. 

Finally, we will report for first time a controlled single electron transfer within a single molecue 
between different redox states. We also succeed to control the multiple charge states. The 
experimental evidence is corroborated with a theoretical model simulating response of a 
dynamically oscillating AFM probe to temporal changes of force due to the charging effects of 
molecules on surface. 

[1] P. Jelínek, J. Phys. Cond. Mat. 29, 343002 (2017) 
[2] O. Stetsovych et al., Nat. Chemistry 9, 213 (2017) 
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  Exploring structural and electronic properties 
 of molecules on surfaces


