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INTRODUCTION

One of the challenging goals within the field of nanoscience and nanotechnology remains the recognition and controllable modification of the adsorption geometries of self-assembled molecules. [START_REF] Elemans | Structure and Function Revealed with Submolecular Resolution at the Liquid-Solid Interface[END_REF][START_REF] Kudernac | Two-dimensional Supramolecular Self-assembly: Nanoporous Networks on Surfaces[END_REF][START_REF] Ciesielski | Towards Supramolecular Engineering of Functional Nanomaterials: Pre-Programming Multi-Component 2D Self-Assembly at Solid-Liquid Interfaces[END_REF] Since the molecular ordering at surfaces is driven by the balance between moleculesubstrate and intermolecular interactions, the control of new kinds of interactions leading to selfassemblies bearing specific properties, chiral properties in particular, is highly desirable. [START_REF] Ernst | Supramolecular Surface Chirality[END_REF][START_REF] Katsonis | Molecular Chirality at Fluid/Solid Interfaces: Expression of Asymmetry in Self-organised Monolayers[END_REF] The main types of interactions responsible for molecular organization on surfaces are van der Waals interactions, [START_REF] Tahara | Two-Dimensional Porous Molecular Networks of Dehydrobenzo[12]annulene Derivatives via Alkyl Chain Interdigitation[END_REF][START_REF] Mali | Hydrogen Bonding Versus van der Waals Interactions: Competitive Influence of Noncovalent Interactions on 2D Self-Assembly at the Liquid-Solid Interface[END_REF] metal-ligand coordination, [START_REF] Stepanow | Surface-Assisted Assembly of 2D Metal-Organic Networks That Exhibit Unusal Threefold Coordination Symmetry[END_REF][START_REF] Marschall | Random Two-dimensional String Networks Based on Divergent Coordination Assembly[END_REF] aromatic interactions, [START_REF] Gutzler | Aromatic Interaction vs. Hydrogen Bonding in Self-assembly at the Liquid-Solid Interface[END_REF] ionic interactions, [START_REF] Friesen | A Self-Assembled Two-Dimensional Zwitterionic Structure: H 6 TSPP Studied on Graphite[END_REF] dipolar interactions [START_REF] Lacaze | Dimerization in the Commensurate Network of 4-n-octyl-4'-cyanobiphenyl (8CB) Molecules Adsorbed on MoS 2 Single Crystal[END_REF] and hydrogen bonding. [START_REF] Lackinger | Self-Assembly of Trimesic Acid at the Liquid-Solid Interfacea Study of Solvent-Induced Polymorphism[END_REF] The hydrogen bonding (H-bonding) is based on the interaction of species possessing a hydrogen-containing moiety that is polarizable, together with an atom of high electronegativity -most commonly oxygen or nitrogen. [START_REF] Jeffrey | An Introduction to Hydrogen Bonding[END_REF] One common feature for all hydrogen bonds is, in comparison to the van der Waals interactions, the definite directionality and increased strength. Due to this directionality the presence of the hydrogen bonding can induce a large number of geometries of self-assemblies, [START_REF] Nath | Crystal Engineering in Two Dimensions: An Approach to Molecular Nanopatterning[END_REF][START_REF] Macleod | Supramolecular Ordering in Oligothiophene-Fullerene Monolayers[END_REF][START_REF] Steiner | The Hydrogen Bond in the Solid State[END_REF] including porous molecular networks. [START_REF] Mura | Experimental and Theoretical Analysis of H-bonded Supramolecular Assemblies of PTCDA Molecules[END_REF] Self-assembly on metallic substrates in the conditions of ultra-high vacuum often results in appearance of chiral phases, [START_REF] Barlow | Complex Molecules at Metal Surfaces: Bonding, Organisation and Chirality[END_REF][START_REF] Humblot | Two-dimensional Organisational Chirality through Supramolecular Assembly of Molecules at Metal Surfaces[END_REF] in particular characterized either by chiral clusters, chiral chains or 2D (extended) chiral domains. [START_REF] Weckesser | Mesoscopic Correlation of Supramolecular Chirality in One-Dimensional Hydrogen-Bonded Assemblies[END_REF][START_REF] Barth | Building Supramolecular Nanostructures at Surfaces by Hydrogen Bonding[END_REF][START_REF] Barth | Supramolecular Architectures and Nanostructures at Metal Surfaces[END_REF] These chiral assemblies can be stabilized by hydrogen bonding, but the origin of chirality mostly comes from the initial chirality of the molecules themselves. It is in particular the case of polyaromatic and heterocyclic compounds, [START_REF] Smykalla | Interplay of Hydrogen bonding and Molecule-Substrate Interaction in Self-assembled Adlayer Structures of a Hydroxyphenyl-substituted Porphyrin[END_REF][START_REF] Uemura | Two-Dimensional Self-Assembled Structures of Melanine and Melem at the Aqueous Solution-Au(111) Interface[END_REF] but also of the so-called bio-molecules like amino acids [START_REF] Humblot | Characterization of Two-Dimensional Chiral Self-Assemblies L-and D-Methionine on Au(111)[END_REF] or nucleic acid building blocks [START_REF] Xu | Prochiral Guanine Adsorption on Au(111): An Entropy-Stabilized Intermixed Guanine-Quartet Chiral Structure[END_REF] which drive the research in the promising areas of biosensors and biomaterials.

An interesting and constantly growing research field comprises the investigation of monolayers composed of molecules which are not chiral in solution, but which result in chiral structures upon the creation of 2D self-assemblies. [START_REF] Ernst | Supramolecular Surface Chirality[END_REF][START_REF] Katsonis | Molecular Chirality at Fluid/Solid Interfaces: Expression of Asymmetry in Self-organised Monolayers[END_REF] In this frame, the studies of the hydrogenbonded systems in which chirality is induced by the 2D confinement on a surface were usually concentrated on the organic molecules containing e.g. carbonyl or carboxyl groups directly attached to the polyaromatic part of the molecule. [START_REF] Barth | Building Supramolecular Nanostructures at Surfaces by Hydrogen Bonding[END_REF][START_REF] Vidal | Chiral Phase Transition in Two-Dimensional Supramolecular Assemblies of Prochiral Molecules[END_REF][START_REF] Mura | H-Bonding Supramolecular Assemblies of PTCDI Molecules on the Au(111) Surface[END_REF][START_REF] Villagomez | Self-assembly of Enantiopure Domains : The Case of Indigo on Cu(111)[END_REF][START_REF] Barth | Molecular Architectonic on Metal Surfaces[END_REF][START_REF] Madueno | Functionalizing Hydrogen-bonded Surface Networks with Self-assembled Monolayers[END_REF][START_REF] Ivasenko | Mastering Fundamentals of Supramolecular Design with Carboxylic Acids. Common Lessons from X-ray Crystallography and Scanning Tunneling Microscopy[END_REF][START_REF] Korolkov | The Structure and Formation of Hydrogen-bonded Molecular Networks on Au(111) Surfaces Revealed by Scanning Tunneling and Torsional-tapping Atomic Force Microscopy[END_REF] The complexity of the possible output, including frequently appearing polymorphism of self-assemblies, usually renders difficult an accurate study of the balance between hydrogen bonds and molecule-substrate interactions for the determination of the molecular networks. Moreover, besides carboxyl group -the most frequently met functional group bearing the potential for hydrogen bonding formation, there exists interactions defined as weak hydrogen bonding which may involve N atoms in particular. [START_REF] Steiner | The Hydrogen Bond in the Solid State[END_REF][START_REF] Desiraju | The Weak Hydrogen Bond: In Structural Chemistry and Biology[END_REF] It can be inquired if such interactions based on the hydrogen bonding of weak type are capable to induce any specific geometry of self-assemblies. In particular, we are interested if weak hydrogen bonding may induce chiral assemblies of achiral molecules. To answer this question and to get more knowledge about the possible role of molecule-substrate interactions in presence of weak hydrogen bonding on the formation of chiral molecular networks, we have studied the C-12 molecules at the 1,2,4-trichlorobenzene/Au(111) interface.

EXPERIMENTAL SECTION STM measurements. The monolayers were investigated using a commercial STM equipped by low current head (Veeco, Digital Instruments, Inc. USA). STM-images recorded in constant current mode with current ranging from 1 to 100 pA and tip bias from ±100 to ±1000 mV were acquired on different spots of the sample, with different tips and in different sessions to check reproducibility and to ensure that results are free from artifacts. All STM images presented in this work were recorded under ambient conditions without any further image processing. C-12 was dissolved in 1,2,4-trichlorobenzene (Sigma Aldrich, pure >99%, used as receivedhenceforth called TCB) with a concentration of 0.1 mmol/L. The Au(111) substrates were purchased from Neyco (Structure Probe, Inc.). The raw samples consisted of mica plates of thickness between 50 and 75 m, onto which thin (~100 nm) layer of gold has been evaporated. A crucial step for ensuring the most favorable conditions for the self-assembly of molecules into the physisorptiondriven monolayer is preparation of a high quality surface, i.e. composed of atomically flat terraces of large size (100s of nm in 2D). The procedure of preparing of Au(111) consists normally of short (~1 min) flame annealing in a propane gas flame. The gently heated (~60˚C) solution of C-12 has been deposited onto freshly flamed Au/mica sample, straight after the flaming process was ceased. The STM tip, which was mechanically cut from a Pt/Ir wire (90/10 wt%, Goodfellow SARL), was immersed in the droplet of solution during the measurement process.

Molecular modeling.

Calculations have been performed using an efficient DFT molecular dynamics technique (FIREBALL). [START_REF] Sankey | Ab initio Multicenter Tight-binding Model for Molecular-Dynamics Simulations and Other Applications in Covalent Systems[END_REF] We use optimized minimal basis sets, [START_REF] Basanta | Optimized Atomic-like Orbitals for First-Principles Tight-binding Molecular Dynamics[END_REF] allowing fast and accurate structural characterization of such a big system. The corresponding cutoff radii of all the elements involved in our calculations are the following: RH(s) = 4.1 a.u., RC(s) = 4.5 a.u., RC(p) = 4.5 a.u., RN(s) = 4.2 a.u., RN(p) = 4.5 a.u. and RAu(s) = 4.5 a.u., RAu(p) = 4.9 a.u., RAu(d) = 4.5 a.u.. The optimization have been performed using (4x4)-and a (8x8)-5 layers slab of Au(111) for azobenzene and azobenzene dimer, respectively. Van der Waals interactions and H-bonds have been taken into account using specific LCAO-S 2 + vdW formalism based on dipolar approximation and intermolecular perturbation theory. [START_REF] Dappe | Intermolecular Interaction in Density Functional Theory: Application to Carbon Nanotubes and Fullerenes[END_REF] C-12 self-assembly at the TCB/Au(111) interface is characterized by a substrate quasisystematically covered by ordered networks, but with a size for the ordered domains not larger than 300 nm 2 . The STM images display regularly spaced bright dots which are packed in a hexagonal way (Figure 2a). Two types of domains were evidenced, henceforth denoted as α and β domains and emphasized by the red and blue color (Figure 2b), and which are locally separated by disordered areas -the fuzzy regions that are noticeable at the edges of domains. From the analysis of drift-corrected images we conclude that the two kinds of hexagonal networks are disoriented by 16 ± 1°, but have a similar lattice parameter a C-12/Au = 3.5 ± 0.1 nm. In accordance with the spot shape and size, and the well-known strong contribution of polyaromatic motifs to the STM contrast, [START_REF] Fisher | Adsorption and Scanning-Tunneling-Microscope Imaging of Benzene on Graphite and MoS2[END_REF] we infer those round spots as representing the C-12 central triphenylene cores which are lying flat on the substrate. Since no visible periodic variations of STM contrast of moiré type are encountered within the monolayers we deduce that the molecules are physisorbed at energetically equal adsorption sites, thus forming commensurate 2D crystals, independently of scanning directions, tip-sample polarities and tunneling current parameters. In contrast with a model triphenylene substituted with no azobenzenes, but just n-C 5 H 11 tails, [START_REF] Sleczkowski | Emergence of Chirality in Hexagonally Packed Monolayers of Hexapenthyloxytriphenylene on Au(111): A Joint Experimental and Theoretical Study[END_REF] Figure 3a depicts a zoomed area with seven homeotropically adsorbed C-12 molecules that form a regular hexagon with one of its dense directions being quasi-horizontal. In addition to the central polyaromatic cores (visible on the large-scale images) one may find a peculiar motif between every two neighboring triphenylene moieties, a motif containing four bright protrusions, one of them highlighted by an azure diamond (Figure 3b). In each four-lobe motif, two azobenzenes might be discerned associated with two pairs of spots packed slightly tighter than the remaining two. The Figure 3d (solid frame) shows sections with inter-lobe distance of about 0.73 nm -in good agreement with the data referring to the trans-azobenzene in the gas phase, and slightly larger than value in the solid phase. [START_REF] Brown | A refinement on the Crystal Structure of Azobenzene[END_REF] . Figure 3e (dashed frame) shows the alternative sections: with an increased value of the inter-lobe distance, namely of the order of 0.8 nm, and containing deeper minimum between the lobes. This kind of section is in agreement with intermolecular featurea distance between centers of phenyl rings of two neighboring azobenzenes. This structure appears in agreement with the known preferred almost planar conformation of azobenzenes with the molecular plane parallel to the surface resulting from the interplay between the Au(111) surface and the π-electrons of the molecules. [START_REF] Comstock | Manipulation of Azobenzene Molecules on Au(111) Using Scanning Tunneling Microscopy[END_REF][START_REF] Mercurio | Structure and Energetics of Azobenzene on Ag(111): Benchmarking Semiempirical Dispersion Correction Approaches[END_REF][START_REF] Mercurio | Quantification of Finite-Temperature Effects on Adsorption Geometries of π-conjugated Molecules: Azobenzene/Ag(111)[END_REF] Another constantly occurring STM contrast feature is the dark trigon around the central core, representing the three pairs of facing carbonyl oxygens of the ester linkers between triphenylene and azobenzene subunits. An alternative conformation, when all of the six carbonyl atoms are uniformly oriented, clockwise or counter-clockwise, cannot be definitely excluded, but such conformation is probably sterically forbidden and unfavorable from the viewpoint of the overall dipole moment of C-12 molecule. The dim areas were previously shown to represent the carbonyl/carboxyl groups. [START_REF] Cyr | STM Investigations of Organic Molecules Physisorbed at the Liquid-Solid Interface[END_REF][START_REF] Miao | Two-Dimensional Self-assembly of Esters with Different Configurations at the Liquid-Solid Interface[END_REF][START_REF] Hibino | Bias Voltage Dependence of Molecular Orientation of Dialkyl Ketone and Fatty Acid Alkyl Ester at the Liquid-Graphite Interface[END_REF] Closer look at the apex of each trigon results in finding a bright spot characterized by an average size equal 0.5 ± 0.1 nm, some of them being indicated by white circles in Figure 3b. Those features of increased STM contrast could manifest the co-adsorption of TCB solvent molecules, previously reported to accompany the self-assembly of several complex aromatic molecules particularly at the TCB/Au(111) interface. [START_REF] Balandina | Revealing Structural Aspects of Molecular Self-Assembly on Gold: the Liquid/Solid Interface[END_REF][START_REF] Tahara | Molecular Pentagonal Tiling: Self-Assemblies of Pentagonal-Shaped Macrocycles at Liquid/Solid Interfaces[END_REF] Even though n-alkanes are well known to readily form self-assemblies on Au(111), [START_REF] Yamada | Two-Dimensional Crystals of Alkanes Formed on Au(111) Surface in Neat Liquid: Structural Investigation by Scanning Tunneling Microscopy[END_REF][START_REF] Marchenko | Molecule Length-Induced Reentrant Self-Organization of Alkanes in Monolayers Adsorbed on Au(111)[END_REF] there is no evidence on the physisorption of the C-12 peripheral alkyl tails. It is in agreement with the fact that the Au 23x√3 reconstruction plays a critical role in the self-assembly of nalkanes, [START_REF] Xie | Reconstruction-Dependent Self-Assembly of n-Alkanes on Au(111) surfaces[END_REF][START_REF] Zhang | Self-Assembly of Normal Alkanes on the Au(111) Surfaces[END_REF] which does not appear on non-reconstructed Au(111), unless an external force (e.g. electric field) is applied. [START_REF] He | The Role of Hydrophobic Chains in Self-Assembly at Electrified Interfaces: Observation of Potential-Induced Transformations of Two-Dimensional Crystals of Hexadecane by In-situ Scanning Tunneling Microscopy[END_REF] Furthermore, the separation of aromatic moieties is found insufficient to accommodate n-C 12 H 25 alkyl tails on the surface, what is shown in Figure S1. We may thus assume that the peripheral alkyl tails are oriented out of the plane of C-12 2D crystal, what is supported by the fact that the energetical restriction of rotation about the ether bond is very low. [START_REF] Kessler | Slow Rotation Around Benzene-Oxygen and Benzene-Sulphur Bonds in Aromatic Ethers, Sulphides, and Disulphides[END_REF] Such situation is not very common for self-assembled molecular networks, but not unprecedented. For example in the case of naphthalene [START_REF] Miyake | Entropy-Controlled 2D Supramolecular Structures of N,N'-Bis(n-alkyl)-Napthalenediimides on a HOPG Surface[END_REF][START_REF] Fu | Unravelling the Self-Assembly of Hydrogen Bonded NDI Semiconductors in 2D and 3D[END_REF] or perylene diimides [START_REF] Kaneda | STM Investigations of the Two-Dimensional Ordering of Perylenetetracarboxylic Acid N-Alkyl-diimides on HOPG and MoS 2 Surfaces[END_REF] alkyl tails were evidenced to project above the adsorbate layer. Alternatively, we may also assume that the underlined circles in Figure 3b do not correspond to TCB molecules but to part of the alkyl chains in interaction with Au(111). In order to decipher the origin of the chirality, it appears appropriate to analyze the hypothetical azobenzene pairings which are consistent with STM data. Accordingly, the models of possible arrangements of two azobenzenes are presented in Figure 5. Since STM contrast enables us to localize only the aromatic phenyl rings, the models are based on the center-to-center distances between the phenyl rings. The fact that azobenzene belongs to a C 2h symmetry group creates three possibilities of dimers compatible with STM results: two types of homogenous dimers and one type of mixed dimer. Figure 5a shows a model of molecular arrangement of an azobenzene dimer with the azo bonds (-N=N-) of both azobenzenes adopting similar orientation.

RESULTS AND DISCUSSION

Chirality in C-12 domains physisorbed on Au(111)

The mirror-like orientations for α and β domains are presented on top and bottom parts of the panel, highlighted by orange and azure diamonds, respectively. The distance of hydrogen bonds occurring between hydrogen and nitrogen atoms of neighboring molecules is estimated to be 0.288 nm suggesting that hydrogen bonding may occur, [START_REF] Steiner | The Hydrogen Bond in the Solid State[END_REF][START_REF] Barth | Molecular Architectonic on Metal Surfaces[END_REF] in agreement with the fact that the nitrogen atom lies almost at the virtual elongation of the C-H bond, what results in the C-H bond and H•••N bond directions being almost collinear. [START_REF] Desiraju | The Weak Hydrogen Bond: In Structural Chemistry and Biology[END_REF] The discrepancy between the two directions, only equals 4°, as illustrated by Figure 5d. The second possibility of a homogenous dimer corresponds to the situation presented in Figure 5b, with rotation around the inversion center (i.e. the middle of the -N=Nbond) by 180°. However, as highlighted by the red circles this arrangement appears sterically forbidden, since distance between hydrogen atoms equals 0.06 nm, much less than the sum of the van der Waals radii, r H2 = 0.12 nm. [START_REF] Bondi | Volumes and Radii[END_REF] The third possibility is a mixed configuration, where two azobenzenes constituting a dimer are lying on the two different faces, thus their -N=Nbonds are not collinear (Figure 5c and Figure 5e). The angle between the C-H and H•••N bond directions is 22°, implying that the potential hydrogen bond between nitrogen and one of the hydrogens (white dotted-line, Figure 5e) is unlikely to occur. In addition, the restriction coming from the steric reasons cannot be excluded as the hydrogen atoms lies in the close proximity, the measured intermolecular H•••H distance being equal to 0.12 nm (red dotted-line in Figure 5e). Thus, we postulate that the observed rosette-like superstructures are related to the existence of H-bonds between neighboring azobenzenes, pursuant to the model in Figure 5a. These results appear in agreement with previous STM studies of azobenzenes on Au(111).

In particular, Wang et al. [START_REF] Wang | Azo Supramolecules on Au(111) with Controlled Size and Shape[END_REF] have stated that the repulsion between positively charged hydrogen atoms would render azobenzenes of mixed handedness less stable (cf. Figure 5c). Kirakosian et al. [START_REF] Kirakosian | Molecular Commensurability with a Surface Reconstruction: STM Study of Azobenzene on Au(111)[END_REF] have reported on the formation of supramolecular assemblies of azobenzenes on Au(111) which reveal similar geometry of molecular packing and also duality of orientation of 1D oligomers formed. This latter fact being analogous to the chiral character of C-12 domains presented here.

Intermolecular interactions: DFT simulations of azobenzene dimer and dynamics.

The stabilization of the azobenzene dimers in a homogenous geometry shown in Figure 5a is confirmed by DFT calculations of the equilibrium structure of an azobenzene dimer. In Figure 6a, we present the interaction energy between two azobenzene molecules as a function of N-N interatomic distance, taking into account the weak intermolecular interactions. [START_REF] Dappe | Intermolecular Interaction in Density Functional Theory: Application to Carbon Nanotubes and Fullerenes[END_REF] This curve reveals two minima: a less favorable one at 6.6 Å, and a global minimum at 8.2 Å. The first minimum corresponds to a dimer presented in Figure 6b, very close to the geometry extracted from STM data (Figure 5). This first minimum is associated with a very compacted geometry and a gear-like interlocking of four hydrogen atoms, moreover with both azobenzenes restricted in one plane. The balance between the strong repulsion forces and attractive H-bonds resulting from the close proximity of the molecules is manifested by the narrowness of the respective interaction energy well. The distance between the two phenyl rings of each azobenzene is around 0.66 nm according to DFT calculations. This result is expected to be in agreement with experiments ±10%. [START_REF] Dappe | Intermolecular Interaction in Density Functional Theory: Application to Carbon Nanotubes and Fullerenes[END_REF] It is close to the experimental 0.73 nm, related to STM data (Figure 4), also close to the center-to-center spacing of phenyl rings in crystalline trans-azobenzene equal to 0.63 nm. [START_REF] Brown | A refinement on the Crystal Structure of Azobenzene[END_REF] However, the distance between the centers of phenyl rings of neighboring azobenzenes constituting a dimer is slightly smaller for DFT calculations (Figure 6b) with respect to STM data (Figure 5a), 0.66 nm to be compared to 0.8 nm. In contrast the distance between the centers of phenyl rings of neighboring azobenzenes for the second dimmer, 0.82 nm, is closer to the experimental value. However the corresponding dimer geometry of this second minimum (not shown) is very different from the experimentally evidenced dimmer geometry (Fig. 5a). As a result we have excluded it, considering that the first minimum was stabilized due to the specific azobenzene-Au(111) interactions, in relation with the observed commensurability on Au(111) and a possible induced molecular density increasing on the surface. Finally, the occurrence of specific interactions between azobenzenes in each dimer, is also confirmed by the observation of occasional dynamical events, as the one shown in Figure 7.

Figure 7a depicts two C-12 molecules in which both of them initially reveal STM contrast of darker trigon pointing 'down'. However, further scanning (Figure 7b) evidences a rotation of the left C-12 molecule by 60°, leading to the STM contrast change from 'down' to 'up'. As a result, the STM contrast, corresponding to the area occupied by the azobenzene dimer, i.e. between the left and right triphenylene cores (red parallelogram in Figure 7), becomes fuzzy in relation with some motion of the two facing azobenzenes. In panel (c) the STM contrast features of the 'top' azobenzene belonging to the left C-12 molecule, disappears (as indicted by the orange parallelogram). After several steps when the quality of STM contrast decreased, in the area of the azobenzene dimer, the left molecule undergoes another rotation and returns back to its initial 'down' position (Figure 7f). The original clearness of the STM contrast is recovered. This shows that when the orientation between neighboring azobenzenes is appropriate (parallel C-12 molecules, evidenced by the 'down'-'down' contrast), the azobenzenes in the dimer are stabilized, in agreement with highly directional interactions between neighboring azobenzenes, like H-bonds. 5a, an arbitrary number of orientations with respect to the underlying substrate can be expected. It is indeed very common that the role of the substrate is ignored in the studies of 2D assemblies originating from the hydrogen bonding interactions. [START_REF] Mura | Experimental and Theoretical Analysis of H-bonded Supramolecular Assemblies of PTCDA Molecules[END_REF][START_REF] Mura | H-Bonding Supramolecular Assemblies of PTCDI Molecules on the Au(111) Surface[END_REF][START_REF] Hieulle | Localized Intermolecular Electronic Coupling in Two-Dimensional Self-Assembled 3,4,9,10-Perylenetetracarboxylic Diimide Nanoarchitectures[END_REF] Nevertheless, our observations evidence solely two orientations of ordered C-12 networks (Figure 2), associated with a fixed disorientation between α and β domains, equal to 16°. This suggests that the molecule-substrate interactions are not negligible and only one particular orientation for each of the mirror domain is stabilized.

In order to determine the crystallographic orientations of α and β domains, we have considered all the possible symmetric molecular networks which are commensurate with the underlying Au(111). The assumption of commensurability is supported by the lack of any STM contrast modulation of moiré type, and also by the non-appearance of the Au 23x√3 reconstruction. The mirror-like character of α and β domains, with respect to the main crystallographic directions: Au<110> or Au<112>, is supported by their identical lattice parameters, their omnipresent co-existence, including the similar numerousness of molecular sites of both types of domains (Figure S2, 50.01% and 49.99%, for α and β domains, respectively). Taking into account geometrical factors: the lattice parameter and the inter-domain rotation, only one commensurate solution for mirror-like α and β domains can be found. It corresponds to the superstructures (√147 x √147)R-8.21° and (√147 x √147)R8.21°, in Wood's notation, where the negative sign corresponds to a counter-clockwise rotation.

The corresponding molecular packing is presented in Figure 8, with the hexagonal mesh of lattice parameter a model = 3.49 nm, and the dense direction of packing rotated by ±8.21° from Au<110>. The orientation of the triphenylene cores in both domains remains such that the symmetry axes of the core are collinear with Au<112> crystallographic direction, as schematically depicted by red/blue trigons in Figure 8. This orientation of the central part of C-12 is not favorable according to the previous results obtained on the model alkyl-substituted triphenylene analogue. [START_REF] Sleczkowski | Emergence of Chirality in Hexagonally Packed Monolayers of Hexapenthyloxytriphenylene on Au(111): A Joint Experimental and Theoretical Study[END_REF] Since we neglect interaction between alkyl chains and Au substrate, the concerted behavior of the six azobenzenes of the C-12 molecule dominates the system and imposes the molecular orientation of C-12 on Au(111), through strong interactions with Au(111).

Undisputedly it is connected with the hexagonal symmetry of Au(111), which allows similar interaction for the six azobenzenes of one given C-12 molecule with Au(111). In order to understand if the orientation of the C-12 molecules is imposed by specific interactions between azobenzene and Au(111), we performed DFT calculations of the equilibrium structure and energy of a single azobenzene on Au(111). The results are presented in Figure 9 and clearly show that the equilibrium structure of the single azobenzene corresponds well to the orientation of each of the azobenzenes in the model shown in Figure 8. Its geometry appears to be characterized by a quasi-parallel orientation of the -N=Nbond with respect to the Au<100> direction, confirming that the orientation of C-12 molecules is imposed by the interaction between the azobenzenes and the substrate. As a result, only two possible orientations for the chiral molecular assemblies are present on Au(111), one for each handedness. Moreover the azobenzene-Au(111) interaction is large, around 900 meV for one single azobenzene associated with roughly ½ e of charge transfer. The presence of this charge transfer may slightly modify the electrostatic interactions between azobenzenes regarding the DFT calculations presented in Figure 6, which were performed without the presence of Au(111) substrate. This may partially explain the discrepancy between the experimental and calculated distances between neighboring azobenzenes, but most probably the observed difference between measured and calculated distances of neighbouring azobenzenes is due to the imposed commensurability associated with strong molecule-substrate interactions. The fact that the azobenzene-Au(111) interaction is definitely larger than the azobenzene-azobenzene interaction, calculated in the absence of Au(111) (Figure 6a), suggests that H-bonds involving nitrogen atoms, in order to stabilize a network, need to be promoted by the favorable molecule-substrate interactions. We confirm it by the comparative studies of C-12 at the interface of TCB and highly oriented pyrolytic graphite (HOPG) (Figure S3a,b), which showed a lower tendency to form self-assemblies associated with a decreased stability of the infrequently formed monolayers.

Moreover, comparing to TCB/Au(111) system the period of the occasionally formed monolayers was found much larger, equal 4.3 nm. This distance is too large to allow formation of H-bonds between neighboring azobenzenes analogical to TCB/Au(111) interface, as shown in Figure S3c,d. It is remarkable that self-assemblies of molecule of such complex structure present only one chiral organization, with only two surface enantiomers coexisting on Au(111), whereas it is common for molecules of much simpler molecular structures than C-12, to form numerous types of self-assemblies, [START_REF] Sleczkowski | Emergence of Chirality in Hexagonally Packed Monolayers of Hexapenthyloxytriphenylene on Au(111): A Joint Experimental and Theoretical Study[END_REF] including porous and dense networks. [START_REF] Lackinger | Self-Assembly of Trimesic Acid at the Liquid-Solid Interfacea Study of Solvent-Induced Polymorphism[END_REF][START_REF] Mura | H-Bonding Supramolecular Assemblies of PTCDI Molecules on the Au(111) Surface[END_REF] Hexagonal symmetry of packing is also not very common for molecules with such high aspect ratio. For example all hexaalkoxytriphenylenes with substituents -C 11 H 23 and longer, tend to form row-like self-assemblies. [START_REF] Katsonis | Substrate-Induced Pairing in 2,3,6,7,10,11-Hexakisundecalkoxy-triphenylene Self-Assembled Monolayers on Au(111)[END_REF] This is most probably the cooperative influence of H-bonds between neighboring azobenzenes and of similar behavior of those molecular motifs on different metallic substrates, to study whether similar strong interactions between azobenzene and substrate can as well stabilize this kind of chiral structure. In a longer perspective an azobenzene building block may be found as a useful motif for programmable monolayers for specific systems. Despite the expected large number of degrees of freedom of C-12, originating from the incorporation of the azobenzenes into molecular structure, rather surprisingly the monolayers exhibit a single type of structure, namely a chiral hexagonal network of handedness which could become unique if chiral solvent was used.

The next step will consist of irradiation of the C-12 monolayers in order to test if the trans-cis photoisomerization of the azobenzenes is possible. The close proximity of C-12 to the metallic substrate, associated with the strong interaction that has been revealed in this paper, may result in quenching of the switching property of the molecule. Otherwise, it could allow for a control of chiral monolayer ordering by UV-irradiation. TCB/HOPG interface. This material is available free of charge via the Internet at http://pubs.acs.org.

C- 12

 12 self-assembly at the 1,2,4-trichlorobenzene(TCB)/Au(111) interface. The chemical structure of the C-12 molecule is presented in Figure 1. It consists of a central triphenylene core, which is symmetrically substituted by six 4-dodecyloxyazobenzene units connected with ethylene-ester linkers. Figure 1 shows the molecular conformation of highest symmetry, D 3h symmetry group. In such conformation: (1) six carbonyl oxygen atoms point toward themselves creating three pairs of facing oxygens, and (2) azobenzene double bonds (-N=N-) are antiparallely oriented.

Figure 1 .

 1 Figure 1. Chemical structure of C-12 molecule, presented in a D 3h symmetry conformation, with

  the 23x√3 reconstruction which normally occurs on the Au(111) is never observed, in relation with stronger molecule-substrate interactions for C-12/Au(111) system. It should be underlined that the intersite distance of the molecular network formed by C-12, i.e. 3.5 nm, confronted with the size of the molecule measured between the ends of the opposite peripheral decyloxy chains (about 6.9 nm) suggests a quite strong interdigitation between the neighboring molecules. In order to obtain firmer insights into the C-12 geometry on Au(111), we have performed high-resolution STM experiments.

Figure 2 .

 2 Figure 2. STM constant-current images of C-12 self-assemblies at the TCB/Au(111) interface.

Figure 3 .

 3 Figure 3. (a) and (b) high-resolution STM images of C-12 self-assemblies at the TCB/Au(111)

  Figure 4d and Figure 4e.

Figure 4 .

 4 Figure 4. STM images showing well-resolved central triphenylene moieties and azobenzene

Figure 5 .

 5 Figure 5. Possible models of the molecular packing of two azobenzene molecules based on STM

Figure 6 .

 6 Figure 6. (a) Interaction energy for a homogenous azobenzene dimer as a function of N-N

Figure 7 .

 7 Figure 7. Sequence of STM images showing dynamic behavior of C-12/Au(111) system. The

Figure 8 .

 8 Figure 8. Proposed models of molecular packing of C-12 molecules in α domains (top) and β

Figure 9 .

 9 Figure 9. Energy of an azobenzene molecule on Au(111) surface, calculated for various
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azobenzene-substrate interactions which allows for the stabilization of this hexagonal network, in addition associated with a chirality revealed at all levels, from the molecular configuration to the molecular network configuration. This suggests in particular, that if one specific handedness could be favored, for example using a chiral solvent together with a single crystal of Au(111), we may obtain macroscopic 2D chiral monolayers.

CONCLUSIONS

In this article we present a detailed description of the self-assembly of C-12, a molecule composed of a central triphenylene core decorated with six azobenzene moieties. By using the scanning tunneling microscopy at the liquid/solid interface, we evidence that C-12 forms wellordered domains of hexagonal symmetry of packing. Upon self-assembly, the C-12 molecules lose the highest symmetry configuration (D 3h ) and adopt a rosette-like configuration. This configuration is in turn transmitted to the ordered network, with azobenzene dimers being rotated either clockwise or counter-clockwise, leading to the formation of domains of opposite handedness. The 2D chiral specificity of the C-12 monolayer is demonstrated, the chirality spanning all ranges, from the molecular configuration, the rosette-like configuration of the azobenzene dimers to the network orientation on Au(111). As shown by a careful analysis of STM data supported by DFT calculations, the chirality appears to be related to cooperative Hbonds between neighboring azobenzenes and strong azobenzene/Au(111) interactions. The latter interactions being specific and necessary for the C-12 network stabilization, as it was confirmed by a different hexagonal network being observed on HOPG, also far less stable than on Au(111). Specificity of azobenzene-azobenzene interactions on Au(111) should pave a way for the analysis Supporting Information Available: model of C-12 molecular packing excluding the physisorption of terminal alkyl tails, statistics of α and β domains and STM images of C-12 at