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Engineering the band structure of a 2D material by imposing a superlattice moiré 
pattern has recently emerged as an effective approach to control quantum 
phenomena in condensed matter systems (unconventional ferroelectricity1, strange 
metal2 and unconventional superconductivity for instance). In van der Waals 
heterostructures, superlattice moiré patterns are induced by lattice misorientation 
between superposed graphene sheets. The concept of these heterostructures is 
enough versatile to envision the replacement of one inorganic layer by a 2D self-
assembly of zwitterionic organic molecules. The resulting hybrid organic/inorganic 
heterostructure will also form a superlattice with modulated spatial and potential 
properties due to the dipolar character of the molecule. Our objective is to use the 
versatility of the chemical synthesis to control the formation of the superlattice and to 
answer this fundamental question: can we replace an inorganic layer of graphene 
with an organic layer of specific zwitterions to induce moiré effects on graphene?  
  The project begins with the chemical synthesis of several candidate zwitterionic 
molecules with different peripheral functional groups that to be deposited by 
sublimation under Ultra High Vacuum (UHV) on a graphene substrate. From there, 
the study and characterization of the growth of functionalized zwitterionic molecules 
on the surface of graphite (HOPG) and graphene/SiC(0001) will be carried out under 
UHV by Low Temperature Scanning Tunneling Microscopy (LT-STM), and both 
depositions will be compared. This deposition will allow us to select species that 
develop large and thermodynamically stable supramolecular phases. After selecting 
the best molecule, the local density of states is mapped using STM spectroscopy and 
the local modulation of the surface potential probed using Kelvin probe spectroscopy 
with a LT non-contact Atomic Force Microscope to highlight the superlattice. 

We present here the first step of this project, the growth of our first zwitterionic 
candidate on HOPG surface. Our preliminary result suggests that the supramolecular 
structure is stabilized by the NH…O intermolecular hydrogen bonding between two 
neighboring molecules, resulting in a head to tail zigzag arrangement with the dipoles 
oriented along one crystallographic direction of HOPG. A structural moiré effect is 
visible in STM image evoking a high order commensurate phase. We conclude that 
the resulting superlattice emerges from a specific interaction of the zwitterions with 
HOPG lattice nodes in a periodic way calculated from STM images showing both the 
molecular layer and HOPG’s atomic resolution.  
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