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The research activity of the experimental unit of ‘Tor Vergata’ University focused on the study of the effect of 
silicon deposition at room temperature on carbon-based substrates. In particular, the selected substrates were 
Graphite (HOPG) and Graphene (Gr)) because are both inert and possess a honeycomb lattice that favors the 
growth of a two-dimensional (2D) silicene layer. The substrates before and after silicon deposition were 
characterized with scanning tunneling microscopy (STM), spectroscopy (STS), Raman and X-ray photoelectron 
spectroscopy. In the case of HOPG, we observed from the STM, the coexistence of three different 
configurations: silicene nanosheets, clusters both on top of HOPG and Si 2D nanosheets intercalated below the 
first top layer of carbon atoms. The first two configurations can be appreciated from the STM image reported in 
figure 1(a), while in figure 1(b) it can be noticed the presence of a silicon cluster together with an area distorted 
by the formation of a nanosheet underneath the first graphite layer.  

 
  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. (a-b): STM images of HOPG surface after the deposition of 1 ML of Silicon at room temperature (Reproduced from ref. 2). 
(c):  STM image of Gr surface after the deposition of 1 ML of Silicon at room temperature. The white arrows point to defects in the Gr 
through which the silicon atoms can reach the layer underneath to from extended 2D nanosheets.  (Reproduced from ref. 3). 
 
The interpretation of the STM images is supported by the Raman spectra registered before and after the Silicon 
deposition (data not shown). Previous theoretical as well as experimental studies performed by our group [1] 
show that the presence of a sp2 Si hybridization gives a contribution in the spectra located at 538 cm−1. This 
mode coexists with that from sp3 hybridization in good agreement with STM results. Moreover, the silicon 
deposition induces several modifications in the graphite D and G Raman modes, which we interpret as 
experimental evidence of the intercalation of the silicon atoms that induced the formation of silicene nanosheets 
(data not shown) below the first graphene layer of HOPG [2-3]. In the case of graphene grown in epitaxy on a 
Nickel substrate [3] the result of Si deposition seems to contradict the known ability of Gr to act as a barrier for 
the atom diffusion, because the STM only shows the formation of two-dimensional, flat and disordered islands 
below the layer, as shown in the figure 1(c). In the case of Gr no cluster formation is observed. Therefore, we 
can conclude that the results obtained up to now on carbon-based substrates indicate that epitaxial growth of 
silicene with no evidence of Si-C formation or alloy but only Van der Waals interactions can take place. 
Theoretical calculations of the structure and energetic viability of the silicene nanosheets nicely support the 
STM and Raman observations [1]. The Si atom intercalation at room temperature was observed both in HOPG 
and in Gr and is directly related to the presence of defects on both substrates. In the case of HOPG intercalation 
takes place at the step edges while at the defects for Gr. The formation if intercalated silicene nanosheets will be 
further investigated and can be a route to form vertical heterojunctions at room temperature provided a substrate 
with low reactivity toward silicon. The experiments are still ongoing and will be also extended to ultrathin 
layers of germanium deposited on the same substrates. 
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