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Functionalization of carbon nanomaterials 
Graphene and carbon nanotubes are promising nanomaterials with unique physical properties 
allowing to envision a broad range of new technological applications in molecular electronics, 
sensors or energy. Controlling the properties of these carbon materials (bandgap, chemical 
reactivity, band engeneering) is a cornerstone for the realization of carbon based devices. The 
doping and molecular functionalization are promising routes proposed to achieve this goal. 
 
In this internship, we will study at the atomic scale the electronic properties of functionnalized 
graphene (or nanotubes) using low temperature scanning tunneling microscopy/spectroscopy. 
The tunneling spectroscopy allows to measure the energy position of molecular states, to 
perform the imaging of molecular orbitals and to reveal the modification of the bandstructure of 
graphene induced by defects or adsorbed molecules. This technique will be used in particular to 
study the interaction of atomic defects or doping sites with organic molecules following the 
recently achieved work in the team on porphyrin on doped graphene (see figure). The goal of 
this fundamental research is to explore possible routes to tune in a controlled way the 
propoerties of graphene or nanotubes to obtain new funcionalities. 
 

 
Figure: STM image of a molecular array of porphyrins (H2TPP) on a nitrogen doped graphène 
substrate. The local tunnel spectroscopy reveals a downshift of the HOMO LUMO states of 
porphyrins adsorbed on nitrogen sites indicating a local charge transfer (ACS Nano 8, 9403 
(2014)). 
 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 

Condensed Matter Physics:  YES     Macroscopic Physics and complexity: NO 
Quantum Physics:  NO    Theoretical Physics: NO 


