Molecular adsorption on Dumbbell Silicene
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Among the large variety of two-dimensional materials, Xenes (that are mono-elemental,
with X=B, Si, Ge, Sn, P, As, Sb, Bi, Se, Te) attract rising attention both experimentally and
theoretically. As compared to 3D materials, Xenes possess different physical, chemical,
electrical, and optical properties and have been shown or have been predicted to display
excellent performance for electronics, energy, healthcare, and environment applications. !
Among them, silicene has been particularly studied as Si is one of the basic components of
semi-conductor industry. Silicene has been initially predicted by DFT to exist into a metastable
free-standing configuration. ! It consists of a buckled honeycomb lattice associated with a mixed
sp?-sp? hybridization of the orbitals and presents an electronic structure very similar to the one
of graphene, with Dirac cones crossing at the Fermi level at the K points of the Brillouin zone.
The growth of silicene has then been reported on several substrates.!

As compared to graphene, 2D Si layers are more sensitive to chemical environment. The
possibility of tuning the electronic properties of silicene by molecular adsorption associated with
the 2D geometry makes thus silicene layers promising candidates for highly sensitive molecular
sensors. Adsorption of molecules on the surface is expected to open a gap in the electronic
band structure. This has been for example theoretically shown for H/silicene. ! At 25% of the
saturation coverage, a gap of =0.25 eV opens. However, a much larger gap (=2.2 eV) is found
at saturation and the electronic band structure is completely modified. Thus, further
development of silicene layers in this field relies in the possibility of gently tuning their electronic
properties through molecular adsorption.

We have recently proven the existence of a novel 2D Si allotrope, “Dumbbell Silicene”
(DBSI). It possesses the unique feature of a periodic organization of DB pairs (see Fig. 1a).5
Such layer is obtained by thermal evaporation of Si atoms onto Ag(110) held at 200°C. These
DB sites display a Si adatom with a dangling bond pointing outward from the film, on top of a Si
atom of the silicene layer (see Fig. 1b). Due to the low density of DB sites, adsorption of
molecules onto these sites is expected to open a small gap in the electronic structure, while
preserving the overall silicene band structure.

Using operando STM, we have followed the evolution of DBSi layer upon exposure to
oxygen, ammonia and triethylamine at room temperature. If some molecules adsorb on top of
DB, other molecules are found to adsorb on the DB free regions silicene or on defects of the
surface. From a quantitative analysis of the adsorption sites, we conclude that there is not any
clear tendency for the molecules to adsorb on top of Si adatoms at room temperature. Therefore,
the DB sites don’t seem to be more reactive than the rest of the silicene layer for the 3 tried
molecules cited above.

Fig. 1. a) STM image of the periodic DBSi mono-layer (5x5 nm?) on Ag(110). b) schematic of
silver substrate (gray) with the silicene layer above and the DBSi (highlighted in red).
STM images before (c) and after (d) exposition to ammonia. Blue: adsorption on DBSi, Green:
adsorption on silicene without DB.
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