In nanoscience and nanotechnology, self-assembly has become a powerful method to achieve the design and fabrication of nanostructures at the nanometer scale. 1 Supramolecular chemistry deals with the non-covalent intermolecular interactions to create highly ordered structures by self-assembling tailored building blocks. 2 Since the pioneering studies, the basic rules of supramolecular chemistry have been extended to promote the formation of 2D supramolecular networks on a surface. The amount of noncovalent interactions is wide to successfully achieve the formation of periodic, large-scaled 2D networks: van der Waals interactions, hydrogen bonds, metal-organic bonds, electrostatic interactions etc. 3 More recently, the halogen bond (i.e. between two halogen atoms) has emerged as one of the most exciting noncovalent interactions 4 due to its directionality, its tunability and its hydrophobicity compared to the other noncovalent interactions like hydrogen bonds. 2D networks based on halogen bonds are now currently reported on noble metal or HOPG surfaces. 5 However, this large-scaled 2D supramolecular assembly in which a halogen bond acts as a driving force has not yet been demonstrated on a silicon surface. Indeed, on this surface, when a halogenated molecule is deposited, the competition between the Molecule-Molecule (MM) and the Molecule-Substrate (MS) interactions is very severe and often turns out in favour of the substrate. 6 Here, we proposed to investigate the adsorption under ultra-high vacuum of a 4,4 00 -dibromo-p-terphenyl (DBT) molecule on a passivated silicon surface, the Si(111)-B surface. 7 Under these conditions, the adsorption of DBT on the Si(111)-B surface leads to a 2D compact supramolecular network revealed by scanning tunneling microscopy (STM). The growth of this 2D network is proved to be driven by the association of hydrogen and halogen bonds, as demonstrated using density functional theory (DFT) calculations.

The DBT molecule is based on three phenyl rings ending with two bromine atoms. These bromine atoms are at a distance of 1.53 nm (see Fig. 1a). The adsorption of DBT on Si( 111 These islands consist of 2D compact networks without defects, which can be seen as large parallel stripes (see Fig. 2) with a width of 2.9 nm. The periodicity of the organic network is 5 Â 1 and the network forms a commensurable structure with the O3 Â O3 reconstruction of the Si(111)-B surface (see Fig. 2). This structure is described by five bright protrusions. Among these five protrusions, three of them (red spots) are slightly smaller and are aligned. The other two (blue spots) are larger and are oriented at 95 AE 51 relative to the first three (see Fig. 2).

Given the dimensions of a DBT molecule in the gas phase and assuming that the shape of DBT is not strongly altered after adsorption of the molecule, we are able to identify individual molecules in the network. These features indicate that there are two molecules per unit cell with two molecular orientations. The first DBT molecule is adsorbed on three aligned silicon adatoms (corresponding to three red spots in Fig. 2). Three small protrusions are attributed to this DBT molecule. These two bromophenyl groups and the central phenyl are exactly located above three silicon adatoms (see Fig. 2). The two bromophenyl groups of the second DBT molecule are adsorbed on two silicon adatoms of the main diagonal of the O3 Â O3 reconstruction (see blue spots in Fig. 2). These two large protrusions are attributed to the second DBT molecule. In order to understand the formation of the supramolecular DBT/Si(111)-B network, MM interactions are detailed in the following paragraph.

In a stripe, two DBT molecules included in a unit cell interact by a halogen bond, between two bromine atoms (Br-Br distance: 0.45 nm, see yellow arrows in Fig. 3) and by two unconventional hydrogen bonds (between a hydrogen atom and a bromine atom distanced by 0.30 nm, see blue arrows in Fig. 3). Moreover, a p-stacking interaction occurs between DBT molecules adsorbed over two silicon adatoms due to a distance of 0.36 nm between two phenyl groups of two different molecules (see the white arrow in Fig. 3). However, between two different stripes, only the halogen bond is possible due to the bromophenyl group orientation, avoiding hydrogen bonds. This effect is highlighted by a darker line, separating all the stripes in STM images (Fig. 1b and2). In addition, when a defect in the DBT/Si(111)-B network occurs, it can be observed as a lack of a stripe in STM images (see Fig. S2 and S3 in ESI †). This effect shows that MM interaction inside a stripe is greater than MM interaction between two stripes.

To corroborate the experimental hypotheses relative to the structure adopted by the molecules on the Si(111)-B surface, full DFT calculations at the B3LYP/6,311G* level of theory included in the Gaussian 09 (revision C.01) program package [START_REF] Frisch | Gaussian 09 Revision C.01[END_REF] were investigated. The role of the intermolecular interactions has been studied by progressively building the molecular lattice in vacuum (see Simulation details in ESI †). In order to estimate MM interaction, the geometry of two adjacent elemental cells has been optimized in the vacuum. The optimized structure leads to a strong MM interaction with an energy of À842.3 meV. Indeed, in this configuration, the molecules can reinforce the number of halogen bonds while keeping p-p stackings. The mean distance between each nearest Br atoms, involved in halogen bonds, becomes equal to 0.44 AE 0.05 nm, while each hydrogen bond presents a mean distance of 0.31 AE 0.01 nm (see Simulation details in ESI †), in quite well agreement with the proposed model (Fig. 3). The angle between two adjacent DBT molecules is 108 AE 51. The different contributions of MM interaction energy have been graded from DFT calculations (see ESI †). Hydrogen bond (i.e. Br-H) interactions account for À72 meV per bond while halogen bond (i.e. Br-Br) and p-stacking interactions lead to interaction equal to À15 meV (respectively À14 meV). Hydrogen bonds seem to be the strongest driving force for the formation of the supramolecular lattice in the stripes while halogen bonds contribute to the connectivity between stripes. To confirm the formation of this strong intramolecular lattice, the estimation of the adsorption energy of a single DBT molecule has been performed on a perfect rigid graphene sheet. We are aware of the complete difference between graphene and the Si(111)-B surface, however, the complete simulation of Si(111)-B is irresolvable using the Gaussian package in a reasonable amount of time. However, we could expect that the p-p interactions between the DBT molecule and graphene are slightly weaker than MS interaction of DBT on a Si(111)-B surface. [START_REF] Lazar | [END_REF] The energy obtained for a single DBT molecule adsorbed on a graphene sheet is relatively low (À178 meV) but still far from MM interaction of DBT molecules in the elemental cell (À842.3 meV). This difference is due to the three phenyl rings of DBT molecules which are not parallel to the surface, restricting the MS interaction. On the Si(111)-B surface, the same geometrical constraint should also appear leading to MS interaction still lower than MM interaction.

On the basis of STM images and DFT calculations, we can thus assume that the MM interaction, based on hydrogen and halogen bonds, is the driving force which promotes the formation of the DBT/Si(111)-B network.

We demonstrated that the formation of large-scaled 2D supramolecular networks can be achieved on a silicon surface by using both hydrogen and halogen bond interactions. These interactions are sufficiently strong, as highlighted by DFT calculations, to induce the formation of a compact 2D lattice. We plan to investigate the role of hydrogen and halogen bond interactions to build new architectures on silicon surfaces.
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  )-B leads to the formation of large islands, covering at least an area of 200 Â 200 nm 2 (see Fig. 1b and Fig. S1 in ESI †).

Fig. 1

 1 Fig. 1 (a) Chemical structure of a 4,4 00 -dibromo-p-terphenyl (DBT) molecule (orange: carbon atoms, white: hydrogen atoms and red: bromine atoms); (b) STM image (V s = 1.7 V, I t = 10 pA, 29 Â 29 nm 2 , 100 K) of the DBT network on a Si(111)-B surface.

Fig. 2

 2 Fig.2STM image of a step edge island of a commensurable monolayer of DBT on a Si(111)-B surface. The molecular adsorption model is superimposed on the upper part of the image (V s = +1.7 V, I t = 10 pA, 10 Â 10 nm 2 , 100 K). A DBT molecule is attributed to three red spots or to two blue spots, depending on its adsorption site.

Fig. 3

 3 Fig. 3 Aryl-BrÁ Á ÁH distance and aryl-BrÁ Á ÁBr-aryl distances between two DBT molecules in an elemental cell of DBT/Si(111)-B evaluated from experimental STM images.
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