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Abstract 

Scanning tunnelling microscopy (STM) has been used to characterize 
conductive surfaces at atomic scale for more than 40 years, and its inventors were 
awarded the Nobel Prize in Physics in 1986 [1]. The fields of applications of this 
technique are plentiful, spanning from surface science to characterization of low-
dimensional materials, like two-dimensional materials, to investigation of on-
surface chemical reactions. 

In this talk, I will give an overview of the work we do in our laboratory at the 
Physics Department of the University of Rome “Tor Vergata”. I will show you a 
classical example of a surface science study where STM has been used to 
investigate the growth of thin films of CaF2 in Si(111) [2]; a few examples where 
STM has provided key insights into the electronic properties of artificially-doped 
graphene (via oxygen-implantation or via surface doping) [3, 4]; and an example 
where STM has addressed fundamental questions on on-surface polymerization 
reactions and the formation of specific chemical bonds [5].  

 

References 

[1] Binnig G., Rohrer H. IBM Journal of Research and Development 30, 355 (1986). 

[2] Galbiati M., et al. Journal of Physics D: Applied Physics 55, 095304 (2022) 

[3] Mackenzie D. M. A., et al. 2D Materials 8, 045035 (2021) 

[4] Galbiati M. The Journal of Physical Chemistry Letters 12, 1262 (2021) 

[5] Manuscript in preparation 
 

 
Left panel: STM image of CaF2 film (bottom right corner) grown on a Si(111) substrate 
which shows 7x7 reconstruction (top left corner). Middle panel: Point defects of N-doped 
graphene. The defects show triangular features; Right panel: Bond-resolved STM image of 
a molecular dimer (the pyrenes are clearly visible).  
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More than 24,000 inorganic compounds are known. Of these compounds approximately 

16,000 are binary or pseudobinary while about 8,000 are ternary or pseudo-ternary. 

Certainly, it is surprising that in many of them the physical properties have never been 

explored. In the studied compounds the observation of strong correlated states from 

magnetic ordering or superconductivity is a rare phenomenon. Evidences have shown that 

phase transitions can be supported by instabilities, incipient or arising from structural 

transformation. Specifically, for superconductors the BCS theory, with Eliashberg 

microscope ingredients, has been successful to explaining the structural dependence. In 

point of fact, electronic order is very sensible to lattice and fluctuation on phonon 

spectrum. For example, normal diborides ZrB2 and HfB2 exhibit Pauli paramagnetic at 

low temperatures. However, the partial substitution in M1-xVxB2 (M = Zr and Hf) 

generates distortions in the crystal lattice with dramatic changes in density of state and 

phonon structure, able of inducing bulk superconducting. In this intriguing scenario, our 

discussion deals about of synthesis and characterization of unexplored set of 

superconductors compounds. 
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