
Intramolecular cyclization of helicenes towards non-benzenoid 
nanographenes via formation of radicals 

 

D. Rothhardt,1,2,# P. Ming,3 Y.-T. Wu,3 C. Wäckerlin,4,5 H. J. Hug,1,2 K.-H. Ernst,1,6,7  
and M. Baljozović1 

 

1Empa, Swiss Federal Laboratories for Materials Science and Technology; CH-8600 Dübendorf, 
Switzerland 
2 Department of Physics, University of Basel, CH-4056 Basel, Switzerland  
3Department of Chemistry, National Cheng Kung University, 70101 Tainan, Taiwan 
4Laboratory for X-ray Nanoscience and Technologies, Paul-Scherrer-Institut (PSI) CH-5232 Villigen PSI, 
Switzerland 
5Institute of Physics, Swiss Federal Institute of Technology Lausanne (EPFL) Station 3 CH-1015 
Lausanne, Switzerland 
6Nanosurf Lab, Institute of Physics of the Czech Academy of Sciences; Prague, Czech Republic 
7Department of Chemistry, University of Zürich; CH-8057 Zürich, Switzerland 
 
# Presenting author’s e-mail: daniel.rothhardt@empa.ch 
 

On-surface synthesis has recently become a leading tool for controllable C-C bond 
formation that would otherwise hardly be accessible by conventional solution chemistry. 
It enables reliable and predictable preparation of atomically precise low-dimensional 
materials with unprecedented properties via targeted precursor design. [1–3] The 
advancement of on-surface synthesis gave rise to a novel class of magnetic materials, 
namely open-shell magnetic nanographenes. The magnetism here mostly stems from 
the formation of unpaired electrons (radicals) due to a sublattice imbalance, topological 
frustration or aromatic stabilization. [3] Such carbon-based spin systems are often 
considered promising candidates for spintronics applications due to their weak spin–
orbit coupling and hyperfine interaction, allowing for long spin-lifetime and spin 
diffusion lengths. [4,5] 
Here we demonstrate that the radical formation within the non-planar hydrocarbons 
such as helicenes leads to intramolecular bond formation and reorganization on Au(111) 
substrate resulting in non-benzenoid nanographenes. The products are identified using 
ToF-SIMS, STM and nc-AFM, corroborating the proposed radical-induced cyclization 
mechanism. Such mechanism contrasts with the Diels-Alder cycloaddition and 
cyclodehydrogenation mechanisms previously reported for helicenes on surfaces. [6,7]  
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