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Subject: On the energy to switch an individual molecule: scrutinizing 

dynamic processes of porphyrins on surfaces close to room 
temperature  

Abstract: Scanning tunneling microscopy (STM) enables to directly observe the dynamic 
behavior of organic molecules on surfaces. While imaging atoms and molecules in 
STM is certainly fascinating by itself, corresponding temperature-dependent 
measurements allow for the quantitative determination of the energetics and kinetics of 
the underlying molecular surface processes. Free-base porphyrins on Cu(111) proved 
to be particularly suitable for these studies due to the strong bonding interaction 
between the iminic nitrogen atoms in the porphyrin macrocycle with the Cu substrate 
atoms. As a consequence, the corresponding activation energies for surface diffusion, 
self-metalation reaction and conformational switching are of a magnitude that allows for 
monitoring the processes around room temperature, in contrast to most previous 
studies, which were performed at cryogenic temperatures. The Arrhenius type analysis 
shows that at room temperature the adsorption and switching behaviour of the 
investigated free base porphyrin on Cu(111) is dominated by entropic effects. Since the 
entropic energy contribution vanishes at low temperatures, the importance of entropic 
effects for functional molecular systems close to room temperature will be discussed. 
In addition it will be explained why one should generally deter from using the classical 
Arrhenius analysis but rather should apply the Eyring formalism developed in the 
framework of transition state theory. 

 


