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Our interest is focused on the functionalization of surfaces by adsorption and selfassembly of organic molecules. Molecular self-assembly is an important approach in nanotechnology due to its unique advantages such as its high efficiency, low cost, simple to control, ability to construct rather complex systems etc. The advantage of using organic molecules as building blocks is due to their size, tunable optical, electrical and structural Aryl-aryl [77, 95] dehydrogenation

UV irradiation

An alternative way to initiate reactions is by UV irradiation, which enables the activation of chemical bonds at lower temperature and could preserve the intermediate species. Examples still remain rare despite of its promising perspective [? 104-108]. For example, Chen et
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Chapter 1 Introduction

Nowadays using electronic devices such as computers and mobile phones has been part of our daily lives. The 20th century has witnessed the rapid development of electronic components from the dawn of the vacuum tube triode in 1897 [START_REF] Thomson | XL. Cathode Rays[END_REF], to the discovery of the transistor in 1947 [START_REF] Bardeen | The Transistor, a Semi-Conductor Triode[END_REF] and the invention of the planar integrated circuit in the late 1950s [START_REF] Kilby | Invention of the Integrated Circuit[END_REF]. In order to meet the demand for the continuous improvement of electronic performances, the transistors should be packed together closer and closer. Since the early 1960s, the density of electronic components per integrated circuit has been doubling every 1.5 years which is known as the Moore's Law [START_REF] Moore | Moore's Law[END_REF]. However, the Moore's Law is going to attain its limit because conventional "Top-down" approach based on continuous downsizing of the silicon-based electronic component to the magnitude of nanometer is intrinsically limited by physical effects, such as confinement of electrons in limited dimensions, nonlinear effects, gate leakage through tunneling etc [START_REF] Zheludev | Phase Matched Second Harmonic Generation from Nanostructured Metallic Surfaces[END_REF][START_REF] Yoffe | Low-Dimensional Systems: Quantum Size Effects and Electronic Properties of Semiconductor Microcrystallites (Zero-Dimensional Systems) and Some Quasi-Two-Dimensional Systems[END_REF][START_REF] Hirose | Fundamental Limit of Gate Oxide Thickness Scaling in Advanced MOSFETs[END_REF]. An alternative approach is called "Bottom-up", by which nanostructures with designed properties could be constructed via the linkage of nano-sized building blocks like nanoparticles, organic molecules etc. Building blocks based on one or only few molecules between electrodes (Figure 1.1) has great potential for future nanoelectronic devices [START_REF] Park | Nanomechanical Oscillations in a Single-C 60 Transistor[END_REF]. One of the fascinating examples is the realization of single-molecule transistors by depositing C 60 molecules onto a pair of connected gold electrodes using e-beam lithography [START_REF] Song | Single Molecule Electronic Devices[END_REF]. Nevertheless, the prerequisite condition for molecular electronics is the deep comprehension of the organization of molecules on surfaces. properties and more importantly, their ability to self-organize into different nanostructures.

Thanks to the advancement of scanning probe microscopy such as atomic force microscopy (AFM) and scanning tunneling microscopy (STM), molecular structures adsorbed on solid surfaces could be directly visualized with sub-molecular resolution. These two techniques were used in a range of environments such as ultra-high vacuum (UHV), gases and organic solvents. Our group is equipped with two STM working under UHV condition, which provides a clean environment for the characterization of surfaces. The acquired high resolution STM images reflect the interplay between molecule-molecule interactions and molecule-substrate interactions. Both noncovalent interactions and covalent bonds play important roles in the assembly process. Here in this chapter, representative but not exhaustive examples of the on surface self-assemblies will be discussed. The layout of this chapter is as follows: In the first part of this chapter, I'll mainly describe nanostructures based on noncovalent interactions; then on-surface covalent bond formation will be discussed in the following part.

Self-assembly by noncovalent interactions

The investigation of spontaneous assemblies formed by noncovalent intermolecular forces on solid surfaces has important meanings in the field of nanotechnology and supramolecular chemistry [START_REF] Haukka | Noncovalent Interactions in the Synthesis and Design of New Compounds[END_REF][START_REF] Feyter | Two-Dimensional Supramolecular Self-Assembly Probed by Scanning Tunneling Microscopy[END_REF][START_REF] Roesky | The Interplay of Coordinative, Hydrogen Bonding and π-π Stacking Interactions in Sustaining Supramolecular Solid-State Architectures.: A Study Case of bis (4-pyridyl)-and bis (4-pyridyl-n-oxide) tectons[END_REF]. Different categories of the noncovalent interactions were used as the driven forces for the successful engineering of molecular systems such as van der Waals interactions, π-π stacking, hydrogen bonds, halogen bond and metal-organic interactions. Table 1.1 gives the brief resume of the corresponding energy, distance as well as some examples of the nanoarchitectures. The selection of substrate is another key factor [START_REF] Dmitriev | Modular Assembly of Two-Dimensional Metal-Organic Coordination Networks at a Metal Surface[END_REF][START_REF] Wang | Single-Molecule Resolution of an Organometallic Intermediate in a Surface-Supported Ullmann Coupling Reaction[END_REF][START_REF] Urgel | Quasicrystallinity Expressed in Two-Dimensional Coordination Networks[END_REF] in the engineering of supramolecular structures. For the on surface system, not only the molecule-molecule interactions, but the molecule-surface interactions also play a crucial role in the realization of the molecular self-assembly. The adsorption energy of molecule/surface should on the one hand be sufficient strong to prevent the molecules from desorption, on the other hand not be too strong so that molecules could diffuse on surfaces and have the chance to meet others. Our group is specialized in molecular self-assembly on a passivated silicon surface Si(111)-B [START_REF] Makoudi | Supramolecular Self-Assembly on the B-Si (111)-( √ 3 × √ 3) R30 • Surface: From Single Molecules to Multicomponent Networks[END_REF] (detailed information of the silicon surface are described in chapter 2). Metallic surfaces (such as Au, Ag, Cu) as well as carbon-based surfaces (such as HOPG) are popular used for a variety of molecular networks because of their relatively low reactive properties.

Van der Waals

Van der Waals (vdW) interactions are relatively weak electric forces and universal existed. These interactions arise from the fluctuation of electron density distribution between molecules or atoms. The supramolecular systems driven by van der Waals interactions between the molecules are greatly reported in the literature [START_REF] Tahara | Two-Dimensional Porous Molecular Networks of Dehydrobenzo [12] Annulene Derivatives via Alkyl Chain Interdigitation[END_REF][START_REF] Calmettes | Bicomponent Supramolecular Packing in Flexible Phthalocyanine Networks[END_REF][START_REF] Abel | Scanning Tunneling Microscopy and X-Ray Photoelectron Diffraction Investigation of C 60 Films on Cu(100)[END_REF][START_REF] Gao | Understanding and Controlling the Weakly Interacting Interface in Perylene/ Ag(110)[END_REF][START_REF] Novoselov | 2D Materials and Van der Waals Heterostructures[END_REF]. For example, at the liquid/graphite interface the interdigitation of the nonpolar alkyl chains were used for guiding the molecular assembly [START_REF] Tahara | Two-Dimensional Porous Molecular Networks of Dehydrobenzo [12] Annulene Derivatives via Alkyl Chain Interdigitation[END_REF]. Figure 1.2 b displays the STM image after the physisorbed decadehydrotetrabenzo [START_REF] Roesky | The Interplay of Coordinative, Hydrogen Bonding and π-π Stacking Interactions in Sustaining Supramolecular Solid-State Architectures.: A Study Case of bis (4-pyridyl)-and bis (4-pyridyl-n-oxide) tectons[END_REF]annuleno [START_REF] Roesky | The Interplay of Coordinative, Hydrogen Bonding and π-π Stacking Interactions in Sustaining Supramolecular Solid-State Architectures.: A Study Case of bis (4-pyridyl)-and bis (4-pyridyl-n-oxide) tectons[END_REF]annulene (bisDBA) molecules (Figure 1.2 a) at the 1,2,4-trichlorobenzene (TCB)/HOPG interface. Bright rhombic features and the striped dark features were attributed respectively to π-electron-conjugated cores and alkyl chains of the bisDBA molecules. The corresponding structural model was proposed as shown in Figure 1.2 c. The main molecule-molecule interactions are the interdigitation of alkyl Figures taken from [START_REF] Tahara | Two-Dimensional Porous Molecular Networks of Dehydrobenzo [12] Annulene Derivatives via Alkyl Chain Interdigitation[END_REF].

chains. The alignment of alkyl chains along the symmetry axes of the substrate means that the chain/surface interactions also contribute to the formation of this close-packed network.

Interactions π-π

π-π Interactions describe the interactions between neighboring aromatic rings. These interactions are the results of the attraction or repulsion between the electron deficient plan including hydrogen atoms (or σ framework) and the π electrons. According to the relative orientations of the aromatic rings, three conformations were distinguished, i.e, the faceto-face orientation where two benzene cycles are face-to-face aligned (Figure 1.3 a), the T-shaped orientation where the extremity of one cycle points perpendicularly towards the center of another cycle (Figure 1.3 b) and the parallel displaced orientation where two cycles are parallel but with an offset (Figure 1.3 c). For a benzene dimer, the T-shaped and the parallel displaced motifs are found to be more stable than the face-to-face stacked one. This can be explained by the "Hunter-Sanders" rules that for non-polarized π-systems π-π repulsion dominates in the face-to-face orientation while π-σ attraction dominates in a T-shaped or parallel displaced orientations [START_REF] Hunter | The Nature of. pi.-. pi. Interactions[END_REF]. The use of π-π interactions has triggered great research interest in the field of self-assembly both in solution and on surfaces [START_REF] Claessens | Review commentary-interactions in self-assembly[END_REF].

Hydrogen bond

The hydrogen bond can be presented schematically as X-H• • • A, which is formed by strongly polar groups X δ --H δ + on one side, and atoms A δ -on the other (X = O, N, halogen; A = O, N, S, halide, etc.). It is one of the most important directional intermolecular interactions and is of eminent importance for the molecular self-assembly on surfaces [START_REF] Steiner | The Hydrogen Bond in the Solid State[END_REF]. For example, the co-adsorption of the perylene tetra-carboxylic di-imide (PTCDI) molecules and the 1,3,5-triazine-2,4,6-triamine (melamine) molecules on Ag/Si(111)-√ 3 × √ 3R30 • surface leads to the formation of an open honeycomb network [START_REF] Theobald | Controlling Molecular Deposition and Layer Structure with Supramolecular Surface Assemblies[END_REF] as shown by the STM image (Figure 1 

Halogen bond

A great deal of supramolecular networks are constructed based on the weak interactions such as van der Waals interactions, π-π stacking and hydrogen bonds. Despite that the use of relatively stronger interactions such as halogen bond and metal-organic interactions has attracted more and more attention due to their ability of creating more robust systems. This is one of the main objectives of my thesis. The use of halogen bond as the driving force has triggered great research interests for supramolecular assembly and crystal engineering due to its high strength, directionality, selectivity, tunability and its extreme hydrophobicity (different from the hydrophilic hydrogen bond) as compared to any other noncovalent interactions [START_REF] Bui | The Nature of Halogen-Halogen Interactions: A Model Derived from Experimental Charge-Density Analysis[END_REF][START_REF] Cavallo | The Halogen Bond[END_REF][START_REF] Gilday | Halogen Bonding in Supramolecular Chemistry[END_REF][START_REF] Priimagi | The Halogen Bond in the Design of Functional Supramolecular Materials: Recent Advances[END_REF][START_REF] Aakeröy | Structural Competition between Hydrogen Bonds and Halogen Bonds[END_REF][START_REF] Voth | Halogen Bonds as Orthogonal Molecular Interactions to Hydrogen Bonds[END_REF]. By definition, halogen bond (XB) is a net attractive interaction, which can be described as R-X• • • Y between the XB donor in one molecular entity and the XB acceptor in another (or the same) molecular entity. Analogously, halogen atoms work as electrophiles as the hydrogen atoms do in the hydrogen bond. Figure 1.5 a shows the scheme for the formation of halogen bonds. The halogen atom X (I, Br, Cl, F) needs to be polarized by the R moiety (C, N, halogen...) in order to be an electrophile. XB acceptor (Y) is a good [START_REF] Theobald | Controlling Molecular Deposition and Layer Structure with Supramolecular Surface Assemblies[END_REF].

electron donor such as N, O, S, halogen atom etc. σ -hole model is commonly accepted to understand the XB interactions. Due to polarization, the electron density of halogen atom is anisotropically distributed (Figure 1.5 b): an electron-deficient area (σ -hole) was formed along the extension of covalent bond R-X whereas the electron-rich area surrounded the σ -hole in the orthogonal direction of R-X. The ability of XB donor relates to the XB strength and increases with the polarizability of halogen atom in the order I > Br > Cl > F.

According to the distinct geometry feature, the halogen-halogen contacts R-X• • • X-R are categorized in two types: type I and type II (Figure 1.5 c and d). The type-I interaction is of van der Waals type that arises from close-packing requirements, where the angles between two groups R-X are identical (θ 1 = θ 2 ) and displays trans or cis geometry (Figure 1.5 c). The type-II interaction is an attractive interaction between the electro-deficient area and electron-rich areas of halogen atoms where the R 1 -X• • • X angle is 180 • (Figure 1.5 d). The International Union of Pure and Applied Chemistry (IUPAC) sets limitations to the geometry of halogen bond, only the type II (highly directional) halogen-halogen contact can be defined [START_REF] Haukka | Noncovalent Interactions in the Synthesis and Design of New Compounds[END_REF].

as halogen bond. The amount of halogenated networks with distinct geometry features were obtained by adjusting the XB donor ability or by playing with the role of molecular adsorption environment. Herein I'm not going to cite some of the XB structures obtained on different types of surfaces such as on graphite, metal and silicon surfaces.

Over the past years, more and more examples of halogenated networks have been reported at liquid/graphite interfaces [START_REF] Song | Thermodynamics of Halogen Bonded Monolayer Self-Assembly at the Liquid-Solid Interface[END_REF][START_REF] Silly | Selecting Two-Dimensional Halogen-Halogen Bonded Self-Assembled 1, 3, 5-tris (4-iodophenyl) Benzene Porous Nanoarchitectures at the Solid-Liquid Interface[END_REF][START_REF] Gutzler | Halogen Bonds in 2D Supramolecular Self-Assembly of Organic Semiconductors[END_REF][START_REF] Gutzler | Halogen Bonds as Stabilizing Interactions in a Chiral Self-Assembled Molecular Monolayer[END_REF][START_REF] Müller | Ultra-High Vacuum Scanning Tunneling Microscopy and Theoretical Studies of 1-Halohexane Monolayers on Graphite[END_REF][START_REF] Florio | Chain-Length Effects on the Self-Assembly of Short 1-Bromoalkane and n-Alkane Monolayers on Graphite[END_REF][START_REF] Zha | Controllable Orientation of Ester-Group-Induced Intermolecular Halogen Bonding in a 2D Self-Assembly[END_REF]. Zheng et al. has reported an fascinating example to engineer XB-based supramolecular assemblies [START_REF] Zheng | Formation of Halogen Bond-Based 2D Supramolecular Assemblies by Electric Manipulation[END_REF] by electric manipulation. Figure 1.6 a and d present schematically the bi-component self-assembly: 3N molecule acts as XB acceptor and tritopic 3F3I and ditopic 4F2I were chosen as XB donors. In fact, the STM tip was preloaded with both XB donor and XB acceptor molecules. Then they used the STM tip to scan the HOPG surface covered with octylbenzene. By applying several electric pulse from 3.6 V to 4.2 V, the well-organized honeycomb networks could be obtained (Figure 1.6 b and e). The major contribution to the formation of 3N+3F3I network was due to XB bonds N• • • I (yellow line in Figure 1.6 c) between iodine atom of XB donor (3F3I) and N atom of XB acceptor (3N). While the 3N+4F2I network was stabilized by the combination of hydrogen bonds F• • • H (blue line in Figure 1.6 f) and XB bonds N• • • I (yellow line in Figure 1.6 f). The advantage of this method is that one could avoid the [START_REF] Zheng | Formation of Halogen Bond-Based 2D Supramolecular Assemblies by Electric Manipulation[END_REF].

strong affinity of 3N molecule to HOPG surface. Moreover, the authors thought that electric stimuli may transiently enhance XB strength. Solvents could also be an important factor to engineer the halogenated network at liquid/solid interface. A typical example was reported by Silly [START_REF] Silly | Selecting Two-Dimensional Halogen-Halogen Bonded Self-Assembled 1, 3, 5-tris (4-iodophenyl) Benzene Porous Nanoarchitectures at the Solid-Liquid Interface[END_REF], the star-shaped 1,3,5-tris(4-iodophenyl)benzene molecules form dimers at the liquid/graphite interface and self-assembled into two different porous halogen-halogen networks depending on the use of solvents. At the 1-phenyloctane/graphite interface, dimers are associated through the I• • • I bond, corresponding to type-II halogen-halogen bonding. Whereas at 1-octanol/graphite interface, four iodine atoms form a X 4 synthon stabilized by two type-II halogen-halogen bondings and one type-I halogen-halogen bonding.

A variety of the XB structures have been realized on metallic surfaces [47, 45, 46, 48-56, 27, 57, 58]. Recently Kawai et al. [START_REF] Kawai | Extended Halogen Bonding between Fully Fluorinated Aromatic Molecules[END_REF] succeeded in engineering an extended 2D structure on Ag [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] using the fully fluoro-substituted phenyleneethynylene (BPEPE-F18) molecule (Figure 1.7 a). Fluorine is known as the poorest XB donor but is still possible to be used for mediating XB structures. Four benzene rings of a BPEPE-F18 molecule can easily be recognized (Figure 1 [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], image taken at 4.8 K. c) Magnified image of the white square area in b) with a superimposed stick-and-ball drawing of the molecules. Figures taken from [START_REF] Kawai | Extended Halogen Bonding between Fully Fluorinated Aromatic Molecules[END_REF].

bonds (about 180 • ) was even visualized (black dashed line in Figure 1.7 c) thanks to the high-resolution atomic force microscopy. The combined calculation study and experimental analysis reveal that the electrostatic potential on F is anisotropically distributed so that the directional C-F• • • F bonding can be categorized as halogen-halogen bonding.

XB nanostructures are usually formed using molecular building blocks having bromine or iodine substituents thanks to their strong XB donor ability. Taking advantage of the subtle balance of the rational design of molecular building blocks, the suitable choice of the substrate and the control of environment conditions, Zhang et al. succeeded in fabricating the detect-free molecular Sierpiński Triangle fractals (ST) on Ag [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], up to forth order (n = 4) STs were observed on the surface (Figure 1.8 b). The largest triangle is made up of more than 300 molecules. For this end, the 4,4"'-dibromo-1,1':3',1":4",1"'-quaterphenyl (B4PB) molecule (120 • bending, see Figure 1 The molecule-molecule contribution to the formation of this remarkable self-assembled network is mainly due to halogen-halogen interactions (type II) Br• • • Br as well as hydrogen bonding Br• • • H. On metallic surfaces, the difficulty of creating a halogenated network was due to the competition between the formation of halogen bonds and dehalogenation process. On reactive metallic surfaces such as Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and Ag [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], dissociation of halogen atoms occurs with the presence of metallic adatoms, followed by the metal-organic coordination. While on less reactive surfaces like Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], halogenated networks could even be achieved at room temperature [START_REF] Gatti | Substrate, Molecular Structure, and Solvent Effects in 2D Self-Assembly via Hydrogen and Halogen Bonding[END_REF][START_REF] Peyrot | On-Surface Synthesis of Two-Dimensional Covalent Organic Structures versus Halogen-Bonded Self-Assembly: Competing Formation of Organic Nanoarchitectures[END_REF].

In the previous work of our group, we have deposited some of halogenated molecules on the Si(111)-B surface for the purpose of generating self-assembled networks stabilized by halogen bonds [START_REF] Baris | Robust and Open Tailored Supramolecular Networks Controlled by the Template Effect of a Silicon Surface[END_REF][START_REF] Rochefort | Anisotropic Growth of the Thiophene-Based Layer on Si(111)-B[END_REF][START_REF] Makoudi | Supramolecular Self-Assembly of Brominated Molecules on a Silicon Surface[END_REF][START_REF] Liu | Supramolecular Structures of Halogenated Oligothiophenes on the Si(111)-√ 3 × √ 3-Ag Surface[END_REF]. Baris et al. [60] deposited the star-shaped 1,3,5-tri(4bromophenyl)benzene (TBB) molecules on Si(111)-B under UHV, leading to the formation of a porous network with the hexagonal cavities as shown in Figure 1.9. Three bright protrusions that form a 0.9 nm triangle are attributed to one TBB molecule and each protrusion corresponds to a bromophenyl arm of TBB. The structural model is superimposed with the 111)-B by using both hydrogen and halogen bond (type II) interactions. They used the symmetric 4,4"-dibromo-p-terphenyl (DBT) molecule [START_REF] Makoudi | Supramolecular Self-Assembly of Brominated Molecules on a Silicon Surface[END_REF] as the building block. These results inspired me to investigate the use of halogen bond to build new architectures on silicon surfaces. The corresponding results constitute the first part of my thesis (see chapter 3).

Metal-organic interactions

Metal-organic interactions are one of the ion-dipole type interactions and possess the selective and directive characters [START_REF] Barth | Molecular Architectonic on Metal Surfaces[END_REF]. The bond energy of metal-organic is expected to be higher than hydrogen bonds, thus resulting in more robust entities. These characteristics make metal-organic interactions a good candidate for the generation of supramolecular networks. In solution, the formation of metal-organic frameworks has been extensively investigated, for on surface structures it is also an attractive topic. Various coordination networks can be created via the association of metal centers (Cu, Co, Fe, Mn, Ni etc.) and functional groups (carbonitrile, pyridyl, hydroxyl, carboxyl, thiol etc.) [START_REF] Dmitriev | Modular Assembly of Two-Dimensional Metal-Organic Coordination Networks at a Metal Surface[END_REF][START_REF] Walch | Extended Two-Dimensional Metal-Organic Frameworks Based on Thiolate-Copper Coordination Bonds[END_REF][START_REF] Pawin | A Surface Coordination Network based on Substrate-Derived Metal Adatoms with Local Charge Excess[END_REF][START_REF] Schlickum | Metal-Organic Honeycomb Nanomeshes with Tunable Cavity Size[END_REF][START_REF] Lin | Real-Time Single-Molecule Imaging of the Formation and Dynamics of Coordination Compounds[END_REF][START_REF] Langner | Self-Recognition and Self-Selection in Multicomponent Supramolecular Coordination Networks on Surfaces[END_REF][START_REF] Stepanow | Surface-Assisted Assembly of 2D Metal-Organic Networks That Exhibit Unusual Threefold Coordination Symmetry[END_REF][START_REF] Jensen | Formation of PTCDI-Based Metal Organic Structures on a Au (111) Surface Modified by 2-D Ni Clusters[END_REF][START_REF] Langner | Ordering and Stabilization of Metal-Organic Coordination Chains by Hierarchical Assembly through Hydrogen Bonding at a Surface[END_REF]. By now two approaches have been reported to obtain a metal-organic coordination network on solid surfaces: either by the co-adsorption of molecules and metal centers or by the deposition of molecules directly on metallic surfaces such as Au, Ag or Cu where metal atoms are available for coordination.

For example, after the subsequent deposition of the ditopic linear linkers p-NC-Ph 4 -CNp (qdc molecule, see Figure 1.10 a) and the rare-earth centers europium (Eu) under UHV, metallosupramolecular networks with quasicrystalline characteristics were observed on Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] [START_REF] Urgel | Quasicrystallinity Expressed in Two-Dimensional Coordination Networks[END_REF]. Different motifs could be obtained depending on the Eu-to-linker stoichiometric ratio. One of the intriguing motifs was obtained at a stoichiometry ratio of about 2:5 Eu:qdc (Figure 1.10 b). Figure 1 1.10 c in which every dodecagonal quasicrystal is constituted by randomly distributed triangles and squares. The random-tiling quasiperiodicity implies the highly flexible coordination of Eu-NC, which are predominantly ionic with a minor contribution of covalency. It is noticeable that the weak interactions between the qdc molecules and the Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface contribute additional flexibility during the coordination process, supported by the comparison experiment on Ag [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] with the absence of quasiperiodic patterns.

The co-adsorption approach is appealing for the construction of metal-organic network, but sometimes it can be quite challenging due to the strong interplay between deposited metal atoms and the substrates. Therefore, the experiment parameters (temperature, select of the surface) need to be carefully controlled in order to achieve the regular networks. Another approach is to deposit molecules directly on the metallic surfaces such as Au, Ag and Cu where the required metal centers on surfaces are already available for coordination. The amount of metallic atoms depend mainly on the temperature of the substrate. For example, Pivetta et al. formed the extended honeycomb lattice with the period up to 5 nm (Figure 1.11 b) by the deposition of the NC-Ph 5 -CN molecules (Figure 1.11 a) on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] held at 250 K [START_REF] Pivetta | Formation of Fe Cluster Superlattice in a Metal-Organic Quantum-Box Network[END_REF]. This network is commensurable to the surface lattice, and is stabilized by the threefold coordination between the CN groups and Cu adatoms (Figure 1.11 c). 

On surface covalent-bond formation

In the field of bottom-up fabrication, on surface covalent bond formation has gained increasing research attention to produce 1D molecular wires, nanoribbons, or 2D networks during the past decade [START_REF] Lafferentz | Conductance of a Single Conjugated Polymer as a Continuous Function of its Length[END_REF][START_REF] Cai | Atomically Precise Bottom-Up Fabrication of Graphene Nanoribbons[END_REF][START_REF] Grill | Nano-Architectures by Covalent Assembly of Molecular Building Blocks[END_REF]. Covalent bond synthesize is generally more robust than the supramolecular network, but the realization of highly ordered nanoarchitecture remains challenging because the diffusion of each reaction component on surfaces is difficult to control. A variety of organic reactions on single crystal surfaces in UHV has been disclosed, such as Ullmann coupling, Glaser coupling, Bergman reaction, aryl-aryl dehydrogenation, Boronic acid condensation, Diels-Alder reaction, Schiff-base reaction etc. According to the different types of reactions, table 1.2 summaries the typical examples as well as the scheme of chemical reactions and the corresponding references. Such on-surface reactions allow to construct ordered, extended networks which are difficult to synthesize in solution phase because they are generally little or not soluble in typical solvents. Another advantage arises from the confinement of one dimension which enables the planar conformation of molecular assemblies. Moreover, the UHV condition and potential surface interactions allow to stabilize some reactive substances and intermediates which are not accessible in classical strategy. Hence, novel unknown reactions might take place under this special reaction environment. On the other hand, the different reaction parameters could make the transformation of a well-known reaction challenging (or impossible) from the solution phase to the on surface UHV. The three essential factors to control a on surface reaction are: i) the choice of the surfaces (the type of materials or crystallographic orientation etc.), for the modulation of molecular diffusions, or playing a role of catalysis, or acting as Ullmann coupling [START_REF] Lafferentz | Conductance of a Single Conjugated Polymer as a Continuous Function of its Length[END_REF][START_REF] Grill | Nano-Architectures by Covalent Assembly of Molecular Building Blocks[END_REF][START_REF] Lafferentz | Controlling On-Surface Polymerization by Hierarchical and Substrate-Directed Growth[END_REF][START_REF] Cai | Atomically Precise Bottom-Up Fabrication of Graphene Nanoribbons[END_REF] Glaser coupling [START_REF] Zhang | Homo-Coupling of Terminal Alkynes on a Noble Metal Surface[END_REF][START_REF] Gao | Glaser Coupling at Metal Surfaces[END_REF][START_REF] Cirera | Synthesis of Extended Graphdiyne Wires by Vicinal Surface Templating[END_REF] Bergman reaction [START_REF] De Oteyza | Direct Imaging of Covalent Bond Structure in Single-Molecule Chemical Reactions[END_REF][START_REF] Sun | On-Surface Formation of One-Dimensional Polyphenylene through Bergman Cyclization[END_REF] Boronic acid [START_REF] Zwaneveld | Organized Formation of 2D Extended Covalent Organic Frameworks at Surfaces[END_REF][START_REF] Dienstmaier | Isoreticular Two-Dimensional Covalent Organic Frameworks Synthesized by On-Surface Condensation of Diboronic Acids[END_REF][START_REF] Guan | Construction and Repair of Highly Ordered 2D Covalent Networks by Chemical Equilibrium Regulation[END_REF] 

concentration

Decarboxy reaction [START_REF] Gao | Decarboxylative Polymerization of 2, 6-naphthalenedicarboxylic Acid at Surfaces[END_REF] Diels-Alder reaction [START_REF] Aragonès | Electrostatic Catalysis of a Diels-Alder Reaction[END_REF] Dealkylation of ethers [START_REF] Yang | Catalytic Dealkylation of Ethers to Alcohols on Metal Surfaces[END_REF] Schiff-base reaction [START_REF] Gong | Structural Variation in Surface-Supported Synthesis by Adjusting the Stoichiometric Ratio of the Reactants[END_REF][START_REF] Jiang | Synthesis of Pyrene-Fused Pyrazaacenes on Metal Surfaces: Toward One-Dimensional Conjugated Nanostructures[END_REF][START_REF] Weigelt | Surface Synthesis of 2D Branched Polymer Nanostructures[END_REF][START_REF] Weigelt | Covalent Interlinking of an Aldehyde and an Amine on a Au (111) Surface in Ultrahigh Vacuum[END_REF] Wurtz coupling [START_REF] Sun | Single-Molecule Insight into Wurtz Reactions on Metal Surfaces[END_REF] Alkane polymerization [START_REF] Zhong | Linear Alkane Polymerization on a Gold Surface[END_REF] Introduction a template for the epitaxy growth etc. ii) the rational design of molecular building blocks especially the functional groups, where molecule-molecule interactions and molecule-surface interactions need to be taken into account. iii) Response to the stimulation such as thermal annealing, UV irradiation, electric field or tunneling electrons etc. A successful on-surface reaction requires the strict control of the above three factors.

Thermal annealing

One could also extend these on surface reactions to a polymerization process by using bi-functional groups. Molecules in response to appropriate trigger could be polymerized into chains. Thermal annealing process is widely used for a variety of on-surface polymerizations [START_REF] Grill | Nano-Architectures by Covalent Assembly of Molecular Building Blocks[END_REF][START_REF] Lafferentz | Controlling On-Surface Polymerization by Hierarchical and Substrate-Directed Growth[END_REF][START_REF] Cai | Atomically Precise Bottom-Up Fabrication of Graphene Nanoribbons[END_REF][START_REF] Zhong | Linear Alkane Polymerization on a Gold Surface[END_REF] because this method is easy to be applied in UHV and is well adapted for large areas. For example, Fasel et al. used the thermally annealing method to prepare the atomically precise graphene nanoribbons (GNRs) [START_REF] Cai | Atomically Precise Bottom-Up Fabrication of Graphene Nanoribbons[END_REF]. For this end, the 10,10'-dibromo-9,9'-bianthryl molecule (DBBA, Figure 1.12 a) was firstly deposited on Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface. The subsequent thermal activation at 473 K formed dehalogenated intermediates which diffused on the surface and were connected one another by C-C coupling (Ullmann coupling), leading to the formation of non-planar linear polymers (see Figure 1.12 b). The adjacent anthracene units were tilted in an opposite direction with respect to the metal surface, evidenced by the simulations and the STM image where the protrusions on both sides of the chain axis were alternatively arranged. The fully aromatic system (Figure 1.12 c) was obtained by a further annealing of the sample at 673 K, where the intramolecular cyclodehydrogenation of the linear polymer took place. GNRs of the width N = 7 with fully hydrogen-terminated armchair edges were thus generated. By using distinct molecular precursors, GNRs with zigzag edges and GNRs with tunable width (N = 5, 6, 8, 9 etc.) could be obtained [START_REF] Wang | Giant Edge State Splitting at Atomically Precise Graphene Zigzag Edges[END_REF][START_REF] Ruffieux | On-Surface Synthesis of Graphene Nanoribbons with Zigzag Edge Topology[END_REF][START_REF] Talirz | On-Surface Synthesis of Atomically Precise Graphene Nanoribbons[END_REF][START_REF] Talirz | On-Surface Synthesis and Characterization of 9-Atom Wide Armchair Graphene Nanoribbons[END_REF]. The width and the edge feature of GNRs is directly related to the band gap, which makes the GNRs high potential for applications in photovoltaics and electronics [START_REF] Chen | Tuning the Band Gap of Graphene Nanoribbons Synthesized from Molecular Precursors[END_REF][START_REF] Son | Energy Gaps in Graphene Nanoribbons[END_REF][START_REF] Ruffieux | Electronic Structure of Atomically Precise Graphene Nanoribbons[END_REF][START_REF] Cai | Graphene Nanoribbon Heterojunctions[END_REF]. It is clear that the one should not ignore the limitations of thermal annealing approach such as the energy consuming of high temperature and in some cases the desorption of precursors before the reaction takes place. Therefore, other mild external stimulations should be developed as well. al. investigated the the 4-bromo-4'-hydroxy-biphenyl (BHBP) molecule consisting of two benzene rings ended with the bromine substituent group in one side and the the hydroxyl group in the opposite side (Figure 1.13 a). The deposition of the BHBP molecule on Ag [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] leads to an extended ordered square-like architecture (Figure 1.13 b). Each rod-like structure composing the side of the squares was attributed to an intact 4-bromo-4'-hydroxybiphenyl molecule. Due to the higher electronic density of states, the bromine ends appear to be brighter than the hydroxyl ends in the STM images. This is confirmed by the simulated STM image shown in Figure 1 laser (wavelength 266 nm) irradiation was then conducted on the whole surface at 80 K during 10 mins. By this way the square-like structure was transformed to the hexagonal porous network (Figure 1.13 d). The six sides of the unit hexagon were assigned to six biphenyl biradicals, according to the measurement (shorter than the intact BHBP molecule) and the disappear of bright/dark protrusions. They declaimed that C-Br and C-OH cleavage took place after the UV irradiation. Therefore, the hexagonal porous pattern is made up of six biphenyl radicals which were stabilized by the substrate Ag atoms. Different from the thermally induced Ullmann reaction on Ag or Cu surfaces, metal-organic hybrid structure was not observed on Ag [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] by UV irradiation. Linear polymers with the length of hundreds of nanometers were produced by further annealing of the sample at RT. The generated biphenyl radicals by UV irradiation was connected one another by C-C coupling, forming the poly-p-phenylene chain. The comparison experiment without UV irradiation didn't form any 

Tip induced reaction i) Bimolecular reaction induced by STM tip:

The tunneling current and the bias voltage are decisive parameters to acquire the high resolution STM image. While in an inelastic tunneling process, tunneling current and bias voltage could be utilized to conduct a chemical reaction by using tunneling electrons or electric field between the tip and the sample. It is realized by locating the STM tip at the proximity of the surface. For example, the group of Ho investigated the dissociation of O 2 on Pt [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] via the resonant inelastic tunneling [START_REF] Stipe | Single-Molecule Dissociation by Tunneling Electrons[END_REF]. The tunneling electron energy is transferred to an the O 2 molecule through a resonance state leading to various excitations (see Figure 1.14). The advantage of this method is that one could control the initialization of the reaction with atomic resolution and monitor the reactants and products in the precise moment. This approach provides an efficient way to shed light into the mechanism of the reaction. Nevertheless, in a point of view of practical application, it is limited by the time consuming, which prevents from the large quantity production. Most of the reported tip induced reactions involve individual or bimolecular reactions [START_REF] Stipe | Single-Molecule Dissociation by Tunneling Electrons[END_REF][START_REF] Hla | Inducing All Steps of a Chemical Reaction with the Scanning Tunneling Microscope Tip: Towards Single Molecule Engineering[END_REF][START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF][START_REF] Sloan | Two-Electron Dissociation of Single Molecules by Atomic Manipulation at Room Temperature[END_REF][START_REF] Repp | Imaging Bond Formation between a Gold Atom and Pentacene on an Insulating Surface[END_REF][START_REF] Liljeroth | Current-Induced Hydrogen Tautomerization and Conductance Switching of Naphthalocyanine Molecules[END_REF]. For instance, the group of Rieder [START_REF] Hla | Inducing All Steps of a Chemical Reaction with the Scanning Tunneling Microscope Tip: Towards Single Molecule Engineering[END_REF] successfully realized the step-by-step Ullmann coupling utilizing two iodobenzene molecules. Figure 1.15 a shows the adsorption of two intact iodobenzene molecules (bright protrusions) at the step edge of Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] terrace. After the injection of electrons by positioning the STM tip above the molecule at fixed height and applying the bias voltage of 1.5 V for several seconds, the C-I cleavage occurs resulting in the formation of two protrusions instead of one in the STM image (Figure 1.15 b and c). The two protrusions correspond to iodine atom and phenyl molecule after the dissociation. The iodine (smaller protrusion) and phenyl (larger protrusion) were then spaced (Figure 1.15 d) via the lateral manipulation, and the iodine atom in the middle of two phenyl molecules were pulled out of this domain to leave the reaction path (Figure 1.15 e). The association of two phenyl molecules via C-C coupling is achieved by approaching them close to each other (Figure 1.15 f).

ii): Polymerization triggered by STM tip:

Okawa and Aono presented an exciting way to create linear polymer nanowires at designated positions by using a STM tip [START_REF] Okawa | Materials Science: Nanoscale Control of Chain Polymerization[END_REF][START_REF] Okawa | Linear Chain Polymerization Initiated by a Scanning Tunneling Microscope Tip at Designated Positions[END_REF]. They chose the diacetylene compound (10,12-nonacosadiynoic acid) for the further polymerization process. Figure 1.16 a displays the STM image of the monolayer coverage of this diacetylene compound on a graphite surface. Each bright line corresponds to the linear array of diacetylene moieties of the 10,12-nonacosadiynoic acid molecule. An artificial defect of 6-nm-wide was firstly created (Figure 1 2) and (3) using an STM tip, and terminated at the artificial defect. f-i) Schematic representation from the creation of an artificial defect (f-g) to the initiation of chain polymerization with STM tip and the termination at the artificial defect (h-i). Figures taken from [START_REF] Okawa | Materials Science: Nanoscale Control of Chain Polymerization[END_REF].

polymerization is then initiated by applying another pulse voltage (-4 V, 5µs) at the white arrow (1) position. In this way, a linear polymerized polydiacetylene nanowire (bright line in Figure 1.16 c) was created between the defect position and the white arrow (1) position. The authors suggest that the excitation of the molecule is caused by the inelastically tunneling electrons. This technique provides an efficient way to control a reaction with atomic precision and offers great potential applications in nanotechnology.

Motivation and structure of thesis

Over the past decade, on-surface synthesis has emerged as a reliable strategy to grow functional molecular nanostructures with atomic presision, with potential application in the field of nanoelectronics and optoelectronics. The aim of this work has twofolds. The one is focusing on understanding the role of molecule-substrate interactions and intermolecular interactions in directing the self-assembly patterns. The other is focusing on the elaboration of new strategies to realize covalently bonded molecular nanostructures.

The presented results in this thesis involve the in-situ preparation of molecular selfassembly on silicon based surface Si(111)-B; noble metallic surfaces Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]; and carbon based surface HOPG. Non-covalent interactions such as halogen bonds and metal-organic interactions were used to achieve a more robust system, based on which the further covalent-bond formation was also investigated by thermal annealing and the probe tip. Variable Temperature Scanning Tunneling Microscopy under Ultra High Vacuum (VT-STM-UHV) is used as the principal tool for the surface characterization. The combined study of STM images analysis, substantial comparison experiments, and the collaboration with specialized simulation group enable the disclose of the potential mechanisms. The thesis manuscript is organized as follows:

Chapter 2 presents the experimental environment including the theory of tunneling current, the components of the UHV system, the preparation of different types of substrates, the preparation of the probe tip, and the evaporation method.

Chapter 3 presents a systematically study of the deposition of NBr and NN molecules on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and Si(111)-B surface. Bi-component adsorption of DBT and NN molecules on Si(111)-B is also investigated.

Chapter 4 In polymer chemistry, the polymerization processes are categorized by chain-growth polymerization and step-growth polymerization. Among all the examples of polymerization on solid surfaces, by now only step-growth polymerization was reported by using bi-functional groups. The novel chain-growth polymerization on surfaces will be presented in this manuscript (chapter 4).

Chapter 5 concludes this thesis and ends with the perspectives.

Chapter 2 Experimental

In this chapter I'll present the involved experimental techniques that I used to prepare and characterize the interfaces of organic molecules on metals and on semiconductors. In the first section, I'll begin with a brief introduction of tunneling effect, followed by the description of metal-vacuum-metal tunneling and its theoretical model, established by Bardeen and developed by Tersoff-Hamman. The general principle of STM will also be explained in this section. The second section includes the presentation of the experimental environment, the preparation methods of two metallic substrates Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and a passivated semiconducutive substrate Si(111)-B, as well as the tip fabrication and molecular deposition methods. Finally, a brief resume of the simulation of STM image is described.

Scanning Tunneling Microscope

The birth of scanning tunneling microscope in 1982 has a significant meaning for the development of nanosciences and nanotechnology. Afterwards scientists are able to image a flat surface of conducting and semi-conducting material down to the atomic scale. A Nobel Prize has been awarded to Gerd Binning and Heinrich Rohrer [START_REF] Binnig | Surface Studies by Scanning Tunneling Microscopy[END_REF] in the year 1986 for this invention with milestone. The acquired atomic resolution STM image contains information of the local electronic structure of the substrate. STM not only allows to 'see' molecules and atoms, but also to get access to manipulating molecules and atoms in real time so that novel materials could be produced.

Tunneling Effect

STM works on the basic of 'tunneling effect'. In this part I'm going to discuss this quantum mechanics tunneling phenomenon. For simplicity, herein I take the example of unidimensional (1D) case. Considering an electron as a particle with mass m and energy E in a potential V 0 , then the total energy of electron is given by the sum of its kinetic energy and potential energy:

p 2 x 2m + V 0 = E (2.1)
where p x is the momentum of the electron. In classical mechanics, we know that if E > V 0 , electrons move with a momentum p x = 2m (E -V 0 ). But when E < V 0 , there is no real solution of equation 2.1. It means that electrons can't pass through the potential barrier V 0 , which refers to the classical forbidden region.

We are now interested in analyzing the classical forbidden case (E < V 0 ). In quantum mechanics (Figure 2.1), electrons not only act as a particle, but also behave a wavelike nature. Given the wave function of the electron ψ(x), the time independent schrödinger's equation for a particle of mass m and moving in one direction with energy E is:

-h 2 2m d 2 dx 2 + U(x) ψ(x) = E ψ(x) (2.2) 
where h = h/2π, h is the Plank constant. The potential is equal to 0 at the left and right side of the barrier (Region 1: x < 0 and Region 3: x > d), in the middle of barrier (Region 2: 0 < x < d), the potential is a constant value V 0 independent of time. The solution of wave function in each region is :

ψ(x) =      ψ 1 (x) = A 1 e ikx + B 1 e -ikx if (x < 0) (Region 1) ψ 2 (x) = A 2 e αx + B 2 e -αx if (0 < x < d) (Region 2) ψ 3 (x) = A 3 e ikx if (x > d) (Region 3) (2.3)
where

k 2 = 2 m E h2 and α 2 = 2 m (V 0 -E) h2 (2.4) 
There are two types of waves: propagation waves in region 1 and 3 and evanescent wave in region 2. In the region 1, electrons propagate along the direction to the potential barrier (amplitude A 1 ); parts of electrons are reflected by the barrier and propagate in the opposite direction to the barrier (amplitude B 1 ); parts of electrons transmit into the barrier (ψ 2 in Region 2) as the evanescent wave, and then propagate into the other side of the barrier (amplitude A 3 in Region 3). The probability of an electron crossing through the potential barrier is expressed by the transmission factor:

T = |A 3 | 2 |A 1 | 2 (2.5)
|A 1 | and |A 3 | can be determined according to the continuous condition at x = 0, x = d. Therefore, the transmission factor could be obtained:

T = 1 1 + (k 2 + α 2 ) 2 4k 2 α 2 sinh 2 (αd) (2.6)
If αd >> 1 (low energy, wide barrier), sinh 2 (αd) ∼ = e (αd) 2 , in this case the transmission is equal to:

T ∼ = 16k 2 α 2 (k 2 + α 2 ) 2 e (-2αd) (2.7)
where α represents the decay constant and typically possesses a value of about 10 -15nm -1 . It is shown by equation 2.7 that there is a nonzero probability for a particle with energy E to cross through a potential barrier V 0 in the classical forbidden region (E < V 0 ), which is known as the tunneling effect. In addition, the transmission probability decreases exponentially with the barrier width d. For instance, if (V 0 -E) = 4 eV (the order of the metals' work function), α = 10.2 nm -1 , an increase of 0.1 nm could induce a reduce of transmission probability by a factor of 10.

In the potential barrier region (Region 2: 0 < x < d), the wave function is found to be:

ψ 2 (x) = ψ 2 (0) e (-αx) (2.8) 
The wave function in the potential barrier region decays exponentially with the distance. The probability of finding an electron at some distance x is defined by -2αd) . This result is consistent with the calculated transmission value T.

|ψ 2 (x)| 2 . At a distance x = d, |ψ 2 (d)| 2 = |ψ 2 (0)| 2 e (

General principle of STM

.2 illustrates the basic principle of how STM works. A sharp metallic tip (tungsten in our case) is brought in close proximity of a conductive or semi-conductive sample (0.1 nm -1 nm). In addition, a bias voltage is applied between the tip and the sample, leading to the generation of the quantum mechanical tunneling current. For every point of the scanning zone, the tunneling current is measured.

The tunneling current is then amplified and converted to voltage by the I/V converter. The exponential distance dependence of the tunneling current makes STM possible to obtain a high resolution (O.01 nm) in the z direction. The atomic resolution of the surface relies on the radius of curvature of the probe tip (discussed in page xx). STM experiments are performed with a constant-height mode or a constant-current mode. i) Constant-height mode: This mode can be used for a flat surface with the regulation system of the tunneling current at the state "off". The tip is kept with a constant tip-sample distance, and tunneling current is mapped out.

ii) Constant-current mode: For a constant current mode, regulation system of the tunneling current is at the state "on". When the probe scans at point (x, y), a tunneling current is measured and compared to a reference current value I 0 . The regulation system induces a voltage signal V (x, y) and feeds it to the piezoelectric tube to adjust the tip-sample distance in order to maintain the reference current value I 0 . Therefore, we can use the signal of the vertical displacement V (x, y) of the probe or the sample (for our case, the movement is on the probe) to map the surface "topography".

What does STM measure?

Scanning tunneling microscope deals with a more complicated case: metal-vacuummetal tunneling junction (see Figure 2.3), which is the extension of the notion of tunneling effect. The potential barrier refers to air, liquid or vacuum which corresponds to three conditions for manipulating STM. Two metallic electrodes (tip and sample) were placed on the two sides of the potential barrier. By approaching the electrodes to the order of sub-nanometer and applying a bias voltage to the substrate, the tunneling current is thus generated. The tunneling current is defined by the transfer rate of electrons between tip and sample multiplied by the charge of an electron e. For a positive (negative) bias voltage applied to the sample (Figure 2.3 a: positive and b: negative), the electrons consequently tunnel from the filled states of the tip (sample) into the empty states of the sample (tip).

Bardeen considered the tunneling current as scattering events. Both the tip and the sample are constituted by a many-body system. Therefore the essential problem is to approximate scattering rates over all the electron states of tip and sample. It is assumed that there is a weak coupling between the probe and surface states, and the states of the probe and the surface are orthogonal so that Oppenheimer's perturbation theory [START_REF] Oppenheimer | Three Notes on the Quantum Theory of Aperiodic Effects[END_REF] can be used. Bardeen's model [START_REF] Bardeen | Tunnelling from a Many-Particle Point of View[END_REF] is based on the perturbation theory and the following approximations: i) The electron-electron interactions were ignored, ii) the tip and sample are in electrochemical equilibrium, iii) occupation probabilities of the tip and sample are independent and do not change, despite tunneling. According to Fermi's "golden rule", the tunneling current is given by: where energy shift eV is the result of bias voltage,

I = 2π.e h ∑ µ,ν f (E µ ) [1 -f (E ν + eV )] |M| 2 µ,ν δ (E µ -E ν ) (2.9)
f (E) = 1/ 1 + exp( E-E F k B T
) is the Fermi-Dirac function reflecting the probability of an electron occupying the energy E at the temperature T, E F is the Fermi level, k B is the Boltzmann constant. When the temperature is low enough (close to 0 K), f (E) is a step function and it equals to 1 when E < E F , equals to 0 when E > E F . The tunneling matrix element |M| µ,ν quantifies the tunneling probability between the states of the probe ψ µ and the states of the surface ψ ν , elastic tunneling is assumed by the delta function δ (E µ -E ν ) and E µ,ν refers to the energy of state ψ µ,ν in the absence of tunneling.

M µ,ν = - h2 2m (ψ * µ ∇ψ ν -ψ ν ∇ψ * µ ) d ⃗ S (2.10)
where the surface integral is performed over any surface within the gap region (vacuum separating the tip and the sample).

J.Tersoff and D.R.Hamann [START_REF] Tersoff | Theory and Application for the Scanning Tunneling Microscope[END_REF] extended the equation 2.9 to a real metal and geometry STM by a spherical-tip approximation (see Figure 2.4 : radius of curvature R , center ⃗ ro , tip-sample distance d ), evaluating the matrix element only for an s-wave tip wave function, for simplicity we assume that work function of the tip ϕ is equal to that of the surface. The Experimental tunneling current for low bias voltage and low temperature is:

I = 32π 3 h e 2 V D t (E F ) R 2 ϕ 2 k -4 e 2kR ρ s (⃗ r 0 , E F ) (2.11)
where D t is the density states per unit volume of the probe tip. ρ s (⃗ r 0 , E F ) represents the density states of the surface (LDOS : local density of states) at the Fermi level and position ⃗ r 0 of the tip:

ρ s (⃗ r 0 , E F ) = ∑ ν |ψ ν (⃗ r 0 )| 2 δ (E ν -E F ) (2.12)
where |ψ ν (⃗ r 0 )| 2 ∝ e -2k(R+d) displays the exponential decay of tunneling current in terms of the tip-sample distance d.

I ∝ e -kd eV 0 ρ ν (ε) dε (2.13) 
The contribution to tunneling current is thus the combination of tip-sample distance d and the LDOS of the sample, which is important for analyzing a STM image. The expression of lateral resolution is also obtained according to Tersoff's spherical tip approximation:

∆x ≈ 1.4 (R + d) (2.14)
For a tip-sample distance of d = 0.5 nm and a radius of the probe R = 0.5 nm, the lateral resolution is ∆x = 0.44 nm according to the equation 2.14. The s-wave model explains how the high lateral-resolution of STM image could be achieved. Nevertheless, the repetitive resolved STM images of metal surface with atomic distances (< 0.3 nm) is in contradiction to the predicted resolution limits. Chen [START_REF] Chen | Origin of Atomic Resolution on Metal Surfaces in Scanning Tunneling Microscopy[END_REF] considered the actual electronic state of a real tip (d-state or p-state). When the d-state on the tip dominates the tunneling, instead of tracing the charge-density contour of the sample, the tip traces the charge-density contour of a fictitious surface on each atom. In consequence, a stronger atomic corrugation is exhibited than that of charge density, i.e., higher resolution could be achieved. that even if the 'apparent height' of two atoms is different, their appearance on the STM image may be identical. But for another applied bias voltage V 2 , blue atoms appear to be brighter than yellow ones in the STM image, this time the two atoms could be distinguished. Figure 2.5 c shows a surface with only uniform density of states atoms, at a specific bias voltage, its topography information could be reflected by the STM image. While for surface with nonuniform density of states atoms (Figure 2.5 d), at a certain bias voltage, blue atoms are read by STM 'Higher' than two yellow atoms, which is not the real surface topography. Thus we should always be rigorous to the analysis of a STM images, which is the couple of the surface density of states information (LDOS) and the topography in response to an applied bias voltage. 

Experimental Set-up & Techniques

Microscope: VT-UHV-STM

The microscope that I have used during my thesis is a Variable Temperature Ultra-High Vacuum Scanning Tunneling Microscope (VT-UHV-STM) from 'Omicron NanoTechnology GmbH'. The sample can be cooled down to 100 K or be heated up to 500 K.

The picture of the device (Figure 2.6) shows the main elements of the microscope system. A combination of primary pump, turbo pump, ion getter pump and titanium sublimation are used to reach an ultra-high vacuum (< 2 × 10 -10 mbar), which prevent the in situ system from contamination. In Addition, STM is placed on an anti-vibrational support to attenuate the undesired noise from ex situ. Two valves are used manually to isolate or connect the fast airlock system (see Figure 2.6 a), the chamber 1, and the chamber 2 from each other. Chamber 1 is a preparation chamber, which is equipped with a wobble-stick, a mechanical arm, an ion source and a molecular evaporator. The wobble-stick is used to clamp and move samples manually to the sample holder, which is mounted on the mechanical arm for the movement (x,y,z,θ ). We use ion source mainly for the metal cleaning, and the molecular evaporator enables a controlled way of molecular deposition on the surfaces (detailed in section 2.2.5). In chamber 2, the clean of the STM tip is performed by means of thermal annealing (detailed in section 2.2.4) using a tantalum sheet. All STM experiments are performed in chamber 2.

The head of Variable Temperature-STM is shown in Figure 2.6 b. The prepared sample is slided to the sample holder using a wobble-stick. STM tip is mounted on a tip holder which can be finely displaced along x,y,z with the below piezotube via the remote control. The head of STM is suspended by using the crowned permanent magnets, which could balance the tiny mechanical movement so that a stable condition is guaranteed during scanning.

Passivated Semi-conductive Substrate: Si(111)-B

Silicon surface is known to be quite reactive due to the existence of large amount of dangling bonds on surface. Our molecular deposition is performed on a reconstructed passivated silicon surface: Si(111

)-B √ 3 × √ 3R30
• , which is obtained by flashing (about 1400 K, see Figure 2.7 a) a Boron-doped silicon (resistivity: 0.001-0.002 Ωcm) with a subsequent annealing process (1150 K during 1 hour). Exodiffusion of boron atoms from volume to subsurface occurs during the annealing process. A careful control of the system pressure during this process (< 2 × 10 -10 mbar) is necessary to protect the substrate from contamination. With a proper control of the annealing temperature and time, a maximum boron concentration of about 1/3 monolayer can be achieved. was first observed with RHEED methods (Reflexion High Energy Electron Diffusion) [START_REF] Hirayama | Reflection High Energy Electron Diffraction and Auger Electron Spectroscopic Study on B/Si (111) Surfaces[END_REF]. Different from other Group-III atom-induced Si(111) √ 3 × √ 3-M(Al, Ga, In) surface superstructures where M atoms were placed at the first-layer T4 sites, Boron atoms preferred a substitution in the second-layer S5 sites (see Figure 2.7 c), directly beneath the T4 sites [START_REF] Shi | Electronic Structure of the Si (111) √ 3 × √ 3[END_REF] due to the shortness of the Si-B bonds. The reconstructed Si [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]

-B √ 3 × √ 3R30
• is stabilized by transferring electrons from the adatom dangling bond to acceptor states (Boron atoms) [START_REF] Bedrossian | Surface Doping and Stabilization of Si (111) with Boron[END_REF], the Si-adatom dangling bond orbitals are thus depopulated [START_REF] Lyo | Adsorption of Boron on Si (111): Its Effect on Surface Electronic States and Reconstruction[END_REF].

The use of Si [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] √ 3 × √ 3-B is reasonable due to the depopulation of nearly all the dangling bonds which make it a passivated semi-conductive surface. Figure 2.8 a presents a high resolution STM image of the reconstructed Si(111)-B surface with a maximum concentration of boron atoms in the subsurface (0.33 monolayer). The perfect hexagonal nanostructure is composed of the Si adatoms possessing a depopulated dangling bond state, by the presence of boron atoms underneath the first layer Si. The black arrow indicates an exceptional brighter protrusion, indicating a Si atom with a dangling bond filled by an e - due to the absence of boron atoms underneath.

Berth and al [START_REF] Berthe | Probing the Carrier Capture Rate of a Single Quantum Level[END_REF][START_REF] Berthe | Electron Transport via Local Polarons at Interface Atoms[END_REF] has performed the differential-conductance spectroscopy respectively on the bright and dark adatoms at 5 K (Noted 1 and 2, see We have also studied molecule depositions on the noble metallic surfaces like Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]. We choose Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] as the support for on-surface synthesis, because the conceive of reaction requires the catalysis of such surfaces. The molecular adsorption on Au(111) could provide the comparing results without the catalysis effect. Before depositing molecules, metallic samples were cleaned by cycles of Ar + sputtering and annealing. The principle of Ion Source operation [129] is depicted in figure 2.9 a. Argon gas is fed into the [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] showing herringbone structures [START_REF] Blüm | Supramolecular Assembly, Chirality, and Electronic Properties of Rubrene Studied by STM and STS[END_REF] with alternated fcc and hcp domains, I t = 0.2 nA, V s = -0.7 V. c) Atomic resolution STM image of Au( 111), I t = 1.3 nA, V s = -0.02 V.

gas cell that acts as the cold cathode ion source and a voltage is applied between the anode and cathode to initiate and sustain the gas discharge. The longitudinal magnetic field through the source region enables a large ion and electron generation. Then ions are extracted from the gas cell through an aperture in the cathode plate and into a flight tube. The focus element is used in the flight tube enabling a focused spot onto the sample. Figure 2.9 b shows the side view of ion source, cylindrical magnet should be removed out before baking, cables of 'Energy, Cathode, Focus' are connected with the ion source control unit (see Figure 2.9). A voltage of 15 V is applied between the sample and the ground to avoid secondary ions. The bombardment of Cu(111) (Figure 2.9 c) is realized under a pressure of 4 ×10 -6 mbar maintained only by the turbo pump and primary pump. An angle of 30 • between the ion beam and normal direction of the sample is fixed for a more efficient bombardment. An appropriate source-sample distance is required (adjustable according to the device) in order to remove to maximum the oxide layer and impurities. The first bombardment was operated at a beam energy of 3 keV during 30 minutes, and a target current is about 20 µA. Afterwards, an annealing process was performed at 750 K during 10 minutes. Then we repeat this cycle of bombardment and annealing, beam energy was reduced to 1 keV for the final bombardment so that surface appear with larger terraces. Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] was bombarded with a beam energy of 1.5 keV, during 30 minutes under a pressure of 4 ×10 -6 mbar with a subsequent annealing at 670 K during 10 minutes.

The cleanliness of substrates were directly verified by STM, the bombardment parameters are optimized depending on the feedback of STM images. Copper single crystal possesses a face centered cubic (fcc) structure with a lattice constant of 0.361 nm, and the reconstructed Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface is a hexagonal close packed (hcp) structure (Figure 2.10 a) with a distance of 0.255 nm between two neighbored copper atoms [START_REF] Albers | Combined Low-Temperature Scanning Tunneling/Atomic Force Microscope for Atomic Resolution Imaging and Site-Specific Force Spectroscopy[END_REF][START_REF] Bennewitz | Atomic-Scale Stick-Slip Processes on Cu (111)[END_REF]. While for Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] [START_REF] Blüm | Supramolecular Assembly, Chirality, and Electronic Properties of Rubrene Studied by STM and STS[END_REF][START_REF] Barth | Scanning Tunneling Microscopy Observations on the Reconstructed Au (111) Surface: Atomic Structure, Long-Range Superstructure, Rotational Domains, and Surface Defects[END_REF][START_REF] Hallmark | Observation of Atomic Corrugation on Au (111) by Scanning Tunneling Microscopy[END_REF], the reconstruction is revealed by the hcp arranged top-layer atoms where inter-atomic distance is contracted from the bulk value of 0.289 nm to 0.275 nm along the [START_REF] Hla | Inducing All Steps of a Chemical Reaction with the Scanning Tunneling Microscope Tip: Towards Single Molecule Engineering[END_REF] 

Tip Preparation

A STM tip is of highly importance to the quality of STM image. Ideally, an STM tip should be extremely sharp. Some of the most popular materials used today are tungsten (W), platinum iridium (Pt Ir) and gold (Au). For our case, we use a W filament with a diameter of 0.1 -0.2 mm as the starting point of electrochemical etching process. Figure 2.12 shows the drop-off method [START_REF] Lucier | Preparation and Characterization of Tungsten Tips Suitable for Molecular Electronics Studies[END_REF] to the formation of the sharp tip shape. Beginning with the formation of the meniscus, W filament was continuously transformed to soluble WO 2- 4 until the final drop-off occurred. The etching process was automatically terminated as soon as the current drops below a pre-set threshold value. Deionized water, acetone and ethanol were used (320 K during 15 mins) to rinse the tip in order to remove the undesired solvents. A further in situ annealing (above 1050K) was performed to remove the tungsten trioxide layer: [START_REF] Chen | Introduction to Scanning Tunneling Microscopy[END_REF][START_REF] Yih | Tungsten: Sources, Metallurgy, Properties, and Applications[END_REF][START_REF] Li | Tungsten: Its History[END_REF] 2WO 3 +W → 3WO 2 (2.16) In addition, this annealing process heals the crystallographic defects generated by the electrochemical etching and the drop-off, and it smooths out the tip surface [START_REF] Binh | Sharpening of Metal Tips by Heat Treatment in Vacuum[END_REF]. The tip is resistively heated until it becomes bright orange.

W (s) + 2H 2 O + 2OH -→ WO 2- 4 + 3H 2 (g) (2.15)

Molecular deposition

Our molecular deposition method is via sublimation under ultra-high vacuum with a controlled and repetitive way, in order to achieve from the sub monolayer regime to continuous films on the investigated substrate.

We use a commercial evaporator [140] (Figure 2.13 a) to realize all the deposition or co-deposition process. Three crucibles in quartz (Figure 2.13 b and c) are charged with the synthesized molecules (about 1/3 crucible). Quartz is preferential due to its resistance to thermal shock and no interactions with molecules during the heating. The cooling tank enables the cooling of the evaporator's head, protecting the diffusion of heating from one crucible to another, and a shutter with four holes (Figure 2.13 d) is equipped to control the 'close' and 'open' of each crucible. Temperature control is guaranteed (300 K to 900 K) through electronic controller shown in Figure 2.13 e. 

Collaboration: molecular synthesis and STM simulation

All the investigated organic molecules during my thesis are synthesized in our group at Femto-st, Besançon. The simulation STM images were supported by our colleagues A. Rochefort and M.A. Dubois from Département de Génie Physique et Regroupement Québé-cois sur les Matériaux de Pointe (RQMP), Polytechnique Montréal, Canada. A brief resume of the simulation details was described below. STM calculations were carried out using a modified version of Flex-STM, [START_REF] Boulanger-Lewandowski | Intrusive STM Imaging[END_REF] a code that considers extended Hückel Hamiltonian in conjunction with Tersoff-Hamann (TH) or Bardeen theory in which chemical and physical modifications can be introduced while subsequent STM images are produced nearly in real-time. The modified code, dyFlex-STM, considers molecular relaxation after intrusion (structural, chemical) [START_REF] Boulanger-Lewandowski | Intrusive STM Imaging[END_REF] and prior to the STM calculation. The Atom-Superposition and Electon-Delocalization (ASED) scheme [START_REF] Anderson | Electron Density Distribution Functions and the ASED-MO Theory[END_REF] was used, that is based on the extended Hückel theory to evaluate the energy of the systems for the conformational relaxation procedure. The parametrization of Hückel parameters was carried out with the aim to reproduce the quality of DFT calculations for optimized geometries. All adsorbates were initially placed on a Si(111)-B surface or a Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface and then the molecules were fully optimized using the ASED+ method [START_REF] Ample | The Chemisorption of Polyaromatic Hydrocarbons on Si(100) H Dangling Bonds[END_REF][START_REF] Bouju | Directional Molecular Sliding at Room Temperature on a Silicon Runway[END_REF] while keeping the atoms of the surface fixed. Van der Waals interactions were considered through the use of a dispersion correction. The STM images were computed using TH approximation. The images were obtained in constant-current mode using a dichotomic search algorithm to obtain the optimal tip heights at each pixel within a window of heights of about 2 nm. A variation of 10 % around the current setpoint was considered acceptable for the convergence of the tunnel current search.

Chapter 3 STM study of NBr and NN molecules on Si(111)-B and Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] The formation of extended molecular networks without defects from π-conjugated molecules on surfaces is of great interest for the development of smart components related to molecular electronics such as organic photovoltaic cells, organic field-effect transistors, organic light-emitting diodes, or molecular spintronic devices [START_REF] Zhang | Rational Design of Two-Dimensional Molecular Donor-Acceptor Nanostructure Arrays[END_REF][START_REF] Xiang | Molecular-Scale Electronics: From Concept to Function[END_REF][START_REF] Zhang | Nano-Bioelectronics[END_REF][START_REF] Barraud | Unravelling the Role of the Interface for Spin Injection into Organic Semiconductors[END_REF][START_REF] Galbiati | Spinterface: Crafting Spintronics at the Molecular Scale[END_REF]. The use of noncovalent interactions such as van der Waals interaction, hydrogen bonds, halogen bonds, metal-organic bonds, electrostatic interactions, etc., to the formation of supramolecular networks has been significantly investigated for nano-design during the last decades [START_REF] Barth | Molecular Architectonic on Metal Surfaces[END_REF][START_REF] Bartels | Tailoring Molecular Layers at Metal Surfaces[END_REF][START_REF] Wakayama | On-Surface Molecular Nanoarchitectonics: From Self-Assembly to Directed Assembly[END_REF][START_REF] Dong | Self-Assembly of Metal-Organic Coordination Structures on Surfaces[END_REF][START_REF] Maurer | Adsorption Structures and Energetics of Molecules on Metal Surfaces: Bridging Experiment and Theory[END_REF][START_REF] Bouju | Bicomponent Supramolecular Architectures at the Vacuum-Solid Interface[END_REF]. Among them, halogen bond has triggered a great interest due to its high strength, directionality, selectivity, tenability and its extreme hydrophobicity compared to any other noncovalent interactions [33-36, 25, 26]. Supramolecular nanostructures stabilized by halogen bonds are observed on graphite surface [START_REF] Song | Thermodynamics of Halogen Bonded Monolayer Self-Assembly at the Liquid-Solid Interface[END_REF][START_REF] Silly | Selecting Two-Dimensional Halogen-Halogen Bonded Self-Assembled 1, 3, 5-tris (4-iodophenyl) Benzene Porous Nanoarchitectures at the Solid-Liquid Interface[END_REF][START_REF] Gutzler | Halogen Bonds in 2D Supramolecular Self-Assembly of Organic Semiconductors[END_REF][START_REF] Gutzler | Halogen Bonds as Stabilizing Interactions in a Chiral Self-Assembled Molecular Monolayer[END_REF][START_REF] Müller | Ultra-High Vacuum Scanning Tunneling Microscopy and Theoretical Studies of 1-Halohexane Monolayers on Graphite[END_REF][START_REF] Florio | Chain-Length Effects on the Self-Assembly of Short 1-Bromoalkane and n-Alkane Monolayers on Graphite[END_REF][START_REF] Zha | Controllable Orientation of Ester-Group-Induced Intermolecular Halogen Bonding in a 2D Self-Assembly[END_REF] while more examples have been reported on metallic surfaces despite of the competition between the creation of halogen bonding and the dehalogenation process [45-56, 27, 57, 58]. Dehalogenation of aryl halides occurs with the oxidative addition of metal atoms, followed by the formation of metal-ligand coordination. The amount of metallic adatoms on surfaces available for the coordination depends on the temperature (and duration) of thermal annealing [START_REF] Lin | Two-Dimensional Adatom Gas Bestowing Dynamic Heterogeneity on Surfaces[END_REF][START_REF] Pawin | A Surface Coordination Network based on Substrate-Derived Metal Adatoms with Local Charge Excess[END_REF]. The formation of supramolecular networks based on halogen bonds was even observed at room temperature on low reactive metal surfaces, such as on Au(111) [START_REF] Gatti | Substrate, Molecular Structure, and Solvent Effects in 2D Self-Assembly via Hydrogen and Halogen Bonding[END_REF][START_REF] Peyrot | On-Surface Synthesis of Two-Dimensional Covalent Organic Structures versus Halogen-Bonded Self-Assembly: Competing Formation of Organic Nanoarchitectures[END_REF]. Furthermore, on more reactive surfaces like Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and Ag [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], such supramolecular networks stabilized by halogen bonds were only observed at low temperature (< 77 K) due to the significant reduce of metallic adatoms. At higher temperature, metalorganic coordination network could be formed due to the presence of metal adatoms on the surface, avoiding the formation of halogen bonding network [START_REF] Björk | Mechanisms of Halogen-Based Covalent Self-Assembly on Metal Surfaces[END_REF][START_REF] Ruffieux | On-Surface Synthesis of Graphene Nanoribbons with Zigzag Edge Topology[END_REF][START_REF] Wang | Single-Molecule Resolution of an Organometallic Intermediate in a Surface-Supported Ullmann Coupling Reaction[END_REF].

Silicon-based surfaces still constitute promising candidates [START_REF] Copie | Surface-Induced Optimal Packing of Two-Dimensional Molecular Networks[END_REF][START_REF] Makoudi | Towards 1D Nanolines on a Monolayered Supramolecular Network Adsorbed on a Silicon Surface[END_REF][START_REF] Baris | Robust and Open Tailored Supramolecular Networks Controlled by the Template Effect of a Silicon Surface[END_REF][START_REF] Baris | Noncovalent Bicomponent Self-Assemblies on a Silicon Surface[END_REF] for the development of devices that are related to molecular electronics, energy conversion, etc. Despite of its promising interest, only few examples of halogen-driven self-assembled networks grown on Si-based surfaces have been reported [START_REF] Baris | Robust and Open Tailored Supramolecular Networks Controlled by the Template Effect of a Silicon Surface[END_REF][START_REF] Rochefort | Anisotropic Growth of the Thiophene-Based Layer on Si(111)-B[END_REF][START_REF] Makoudi | Supramolecular Self-Assembly of Brominated Molecules on a Silicon Surface[END_REF][START_REF] Liu | Supramolecular Structures of Halogenated Oligothiophenes on the Si(111)-√ 3 × √ 3-Ag Surface[END_REF]. In a previous work, we have described the formation of extended supramolecular two-dimension (2D) networks on the highly doped Si(111)-B surface [START_REF] Makoudi | Supramolecular Self-Assembly of Brominated Molecules on a Silicon Surface[END_REF]. Here in this chapter, we investigate the molecular assemblies on the Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and Si(111)-B surface, expecting to obtain robust molecular networks stabilized by metal-organic coordination or by the halogen bonds. For this study, the combining experimental and calculation results of three organic molecules (Figure 3.1) on the two surfaces will be discussed. The three molecules are: i) The 4,4"-dibromo-p-terphenyl (DBT) molecule (Figure 3.1 a) consists of three phenyl rings ending with two bromine atoms (distance between two bromine atoms: 1.53 nm); ii) The 4-(4"-bromophenyl)-(4'-pyridine) (NBr) molecule is depicted in Figure 3.1 b) and consists of a bromophenyl moiety and a pyridine moiety connected through a central benzene ring. The length of the NBr molecule, defined as the distance between the bromine atom and nitrogen atom, is 1.32 nm; iii) The 1,4-di(4',4"-pyridyl)benzene (NN) molecule (see Figure 3.1 c) has two pyridine moieties connected through a central benzene ring, the distance between the two nitrogen atoms of a NN molecule is 1.14 nm.

The chapter is structured as follows: (Part I: Section 3.1) STM Study of DBT, NBr and NN molecules on the Cu(111) surface, followed by (Part II: Section 3.2) the study of DBT, NBr and NN molecules on the Si(111)-B surface. At the beginning of the two parts, a brief resume of the reported results "DBT/Cu(111)" [START_REF] Wang | Single-Molecule Resolution of an Organometallic Intermediate in a Surface-Supported Ullmann Coupling Reaction[END_REF] and "DBT/Si(111)-B" [START_REF] Makoudi | Supramolecular Self-Assembly of Brominated Molecules on a Silicon Surface[END_REF] will be presented. Nevertheless, the major portions of these two parts are concentrated on the analysis of self-assemblies of the other two molecules (NBr and NN). The last but not the least part of this chapter (Part III: Section 3.3) is the study of bi-components molecular networks (DBT and NN) on Si(111)-B.

3.1 DBT, NBr and NN molecules on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] The Ullmann coupling reaction via noble metallic surface-assisted such as Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] has been frequently employed to build 1D molecular wires, nanoribbons, 2D covalent networks etc [START_REF] Lafferentz | Conductance of a Single Conjugated Polymer as a Continuous Function of its Length[END_REF][START_REF] Grill | Nano-Architectures by Covalent Assembly of Molecular Building Blocks[END_REF][START_REF] Cai | Atomically Precise Bottom-Up Fabrication of Graphene Nanoribbons[END_REF][START_REF] Lipton-Duffin | Synthesis of Polyphenylene Molecular Wires by Surface-Confined Polymerization[END_REF][START_REF] Bombis | Single Molecular Wires Connecting Metallic and Insulating Surface Areas[END_REF][START_REF] Gutzler | Surface Mediated Synthesis of 2D Covalent Organic Frameworks: 1, 3, 5-tris (4-bromophenyl) Benzene on Graphite (001)[END_REF][START_REF] Blunt | Templating Molecular Adsorption Using a Covalent Organic Framework[END_REF][START_REF] Bieri | Two-Dimensional Polymer Formation on Surfaces: Insight into the Roles of Precursor Mobility and Reactivity[END_REF]. Three organic molecules (DBT, NBr and NN) possessing bromophenyl groups or pyridyl groups were deposited on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]. Both moieties prove to be efficient for the formation of metal-organic coordination network [START_REF] Wang | Single-Molecule Resolution of an Organometallic Intermediate in a Surface-Supported Ullmann Coupling Reaction[END_REF][START_REF] Tait | One-Dimensional Self-Assembled Molecular Chains on Cu (100): Interplay between Surface-Assisted Coordination Chemistry and Substrate Commensurability[END_REF]. The presentation of this part follows the order of decreasing the amount of bromophenyl moieties from two to zero. After the rapid introduction of the reported example "DBT/Cu(111)", our study of "NBr/Cu(111)" and "NN/Cu(111)" will then be discussed in detail.

Introduction: DBT molecules on Cu(111)

Wang and al. engineered a thermal annealing process to realize a step by step evolution of molecular network based on Ullmann Coupling Reaction, by using the 4,4"-dibromop-terphenyl (DBT) molecule (Figure 3.2 a) [START_REF] Wang | Single-Molecule Resolution of an Organometallic Intermediate in a Surface-Supported Ullmann Coupling Reaction[END_REF]. It was shown (Figure 3.2 b) that the deposition of DBT molecules on a Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface held at 77 K, formed a 2D honeycomb structure which is stabilized by Br• • • H-C hydrogen bond. The subsequent thermal annealing process at 300 K transformed this honeycomb structure into the extended periodic linear structure (Figure 3.2 c). Regarding the obtained rectilinear structure, the oblong shape was attributed to the organic molecule (highlighted in blue oblong). C-Br was dissociated due to the surface-assisted Ullmann coupling reaction. Br atoms lie between the linear structures (white arrow). Each DBT molecule coordinates with two Cu adatoms (yellow round circle) by a C-Cu-C bridge. The further thermal annealing process at 473 K released the Cu atoms forming poly (para-phenylene) oligomers (Figure 3.2 d), and the Br atoms are still between the poly (para-phenylene) oligomers (white arrow). The appearance of linear arranged Br atoms between two nanolines has triggered our interest. It seems that Br atoms play a role for the stabilization of the rectilinear nanolines. What if the number of Br atoms is divided by two, will the nanolines still be rectilinear? For this purpose, the NBr molecule was synthesized, which can be seen as the substitution of one bromophenyl moiety of the DBT molecule to a pyridine moiety. 

NBr molecules on Cu(111)

After the deposition of 0.8 monolayer NBr molecules on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface held at 300 K, we observed parallel linear nanostructures on the surface, shown in Figure 3.3. Curved lines could be observed, on the outer side of the regular domain (white circle). The STM image was obtained at 110 K, and in this condition isolated nanolines were still mobile, supported by the evidence of the diffusion characteristic (indicated by the white arrow) between two compact linear domains.

The high-resolution STM image (upper image of Figure 3.4 a) revealed that each nanoline consists of bright oblong features with the length of 1.2 nm ± 0.1 nm (highlighted in blue). It is shorter than the length of a NBr molecule (1.32 nm), arising from the debromination reaction as a result of the deposition temperature at 300 K. For simplicity, we arrow in Figure 3.4 a). This value is in good consistence with the reported interline distance for the case of "DBT/Cu(111)" [START_REF] Wang | Single-Molecule Resolution of an Organometallic Intermediate in a Surface-Supported Ullmann Coupling Reaction[END_REF]. Despite Br atoms are not resolved in the STM image, we could assume that for the case of "NBr/Cu(111)" at 300 K, the dissociated Br atoms are also located between two nanolines. It seems that the location of Br atoms near the nanoline may contribute to the formation of the rectilinear structure.

The perfectly aligned structure can not be explained only by C-Cu-C bridge due to the asymmetric structure of the NBr molecule. At the other side of the NBr molecule, pyridyl group also participates in the formation of nanoline. Lin and al. successfully employed pyridyl groups by the metal-directed template to form one-dimensional chains via N-Cu-N coordination [START_REF] Lin | Steering On-Surface Polymerization with Metal-Directed Template[END_REF]. Therefore, we suggest that three types of the coordination interactions may exist within a nanoline: C-Cu-C, N-Cu-N and C-Cu-N. C-Cu-C coordination can be attributed to the position indicated by blue arrow (Figure 3.4 b) according to the perfectly agreement with reported characteristics. In order to differ the N-Cu-N from C-Cu-N, a further confirmation via simulation is needed.

The simulation starts from the hypothesis that N-Cu-N and C-Cu-N refer respectively to the configuration in Figure 3 A further thermal annealing of the sample was also realized at 533 K during 10 minutes. Unlike the annealing of DBT molecules where long polymer chains were formed [START_REF] Wang | Single-Molecule Resolution of an Organometallic Intermediate in a Surface-Supported Ullmann Coupling Reaction[END_REF]; for the case of NBr molecules, only disordered nanostructures were obtained, as shown in Figure 3.6 a. An enlarged STM image of Z 1 area is presented in Figure 3.6 b, presenting the main nanoarchitectures which are constituted by rod-like structures rotated by 60 • , 120 • or 180 • with a length of 2.6 nm. The length of this rod-like structure is about twice the length of the NBr molecule. It could be explained by the formation of pyridine-(Ph 4 )-pyridine dimer after thermal annealing. The partial release of Cu atoms gave rise to the C-C couping which is stable even at 713 K. N-Cu-N consists of the connection between two rod-like structures (Figure 3.6 d). The configuration N-Cu-N is temperature resistant compared to C-Cu-C. Coexisting shorter rod-like structures with a length of 1.42 nm are shown in Figure 3.6 c. These structures can be attributed to the intermediate states of the type C-(Ph 2 )-pyridine due to the incomplete C-C coupling (Figure 3.6 e). Comparing the obtained networks after the annealing process to Figure 3.6 d, we can conclude that C-C coupling is quite directional and plays an important role in the formation of the linear polymer chain, and that the presence of pyridine moiety on the other side of NBr molecule prevents the formation of a longer polymer.

NN molecules on Cu(111)

NN molecule can be seen as the substitution of the bromophenyl moiety of a NBr molecule to the pyridyl moiety. About 0.4 monolayer of the NN molecules were deposited on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] held at RT and characterized by STM at 110 K (Figure 3.7 a). Different from the rectilinear structure formed by "DBT/Cu(111)" or "NBr/Cu(111)", the one-dimensional nanostructures formed by "NN/Cu(111)" are not strictly aligned along one direction. The black line A indicates the extracted profile presented in Figure 3.7 c. The period along the nanoline is 1.64 nm. Twofold N-Cu-N contributes to the main metal-ligand coordination, threefold configuration could also be observed. The simulated STM image in Figure 3.7 b is in good agreement with the experimental results. After a further thermal annealing process at 525 K during 10 minutes, (Figure 3.7 d) only a few molecules are still adsorbed on the Cu(111) surface. A disordered nanostructure is obtained, and no longer polymer chain is formed. The thermal annealing process is not favorable for making longer polymer chains. It it noteworthy that the absence of Br atoms increases the flexibility of nanoline, which is confirmed by the curved line in the STM image. In addition, the thermal annealing of the sample at 533 K for the "NBr/Cu(111)" gave rise to the formation of covalent formation (C-C coupling) while the annealing of the sample at 525 K for the "NN/Cu(111)" leads to the desorption of adsorbate. It seems that without the formation of further C-C coupling process, the coordination network is less resistant to the high temperature. In our previous work, we have described the formation of extended supramolecular twodimension (2D) networks, observed below room temperature on the highly doped Si(111)-B surface using the DBT molecule as a building block [START_REF] Makoudi | Supramolecular Self-Assembly of Brominated Molecules on a Silicon Surface[END_REF]. The high-resolution STM image in Figure 3.8 b shows a compact molecular network constituted by periodic parallel stripes with a width of 2.9 nm. This organic network forms a commensurable structure (5 × 1) with the Si(111)-B lattice. Among the five bright protrusions inside a stripe, three red spots and two blue spots were attributed respectively to a DBT molecule with a rotated angle of 95 ± 5 • , according to the dimension of a DBT molecule and different adsorption sites of DBT molecules on the silicon adatoms. The adsorption model is superimposed on the upper part of STM image. The authors suggest that (see Figure 3.8 c) in a stripe, halogen bonds exist with the type II, hydrogen bonds and ππ stacking interactions also exist. While between two adjacent stripes, only halogen bonds exist due to the bromophenyl group orientation. Hydrogen and halogen bonds were proved to be the driving force promoting the formation of the compact 2D network, which appears to be higher than molecule-surface interactions [START_REF] Makoudi | Supramolecular Self-Assembly of Brominated Molecules on a Silicon Surface[END_REF].

I 'm going to present the study of the formation of supramolecular networks on the passivated silicon surface Si(111)-B by modulating the amount of halogen bond. This is performed by the replacement of bromophenyl moiety to pyridyl groups, which could act as a Lewis base: the two molecules are previously introduced in Figure 3 Most of the precursors form well-organized domains of 2D molecular networks, following the substrate symmetry and the three principal directions rotated by 120 • as indicated by white arrows. High-resolution STM image in Figure 3.9 c shows a regular domain of the "NBr/Si(111)-B" near a step edge of the molecular network. All molecular domains show a periodic pattern. The unit cell is a rectangular structure (orthogonal vectors: ⃗ h and ⃗ v with | ⃗ h| = 1.27 nm and |⃗ v| = 2.09 nm) made up with four bright patterns (unit pattern is highlighted by black dashed line). A unit pattern possesses two large bright protrusions (A and B: red circle in Figure 3.9 c) and two small darker protrusions (A' and B': blue circle). Each protrusion covers a silicon adatom underlined by the intersection of Si(111)-B surface lattice (white dashed lines). We attribute these four protrusions to a pair of anti-parallel NBr molecules (AA' and BB'). According to the following two image analysis: i) the displayed domain is compact and period; ii) the largest distance between the protrusions A and A' (see Figure 3.9 c) ∼ 1.27 nm is shorter than the length of the NBr molecule (1.32 nm). We assume that the adsorption of the NBr molecule on Si( 111 with respect to the ⃗ β vector of the surface in order to maximize the interactions of the hetero-atoms with the surface (see Figure 3.10 a), which is in agreement with the measured value. The nitrogen atom within the pyridine fragment is clearly pointing towards the surface while the bromophenyl moiety is out-of-plane of the surface. Consequently, the NBr molecules display an angle of about 10 • (see Figure 3.10 d) away from the surface. The calculated STM image shown in Figure 3.10 e is based on the proposed structural model, and it reproduces the main features of the experimental STM image in Figure 3.10 f. The bright patterns are composed of a set of bright and fainted protrusions which are attributed to the anti-parallel conformation of the NBr molecules. The brighter STM protrusions are associated to the presence of Br atom close to a bridge site [START_REF] Shang | Assembling Molecular Sierpiński Triangle Fractals[END_REF], while the faded protrusions are more related to the presence of nitrogen atoms of the pyridyl groups nearly over a Si-adatom [START_REF] Makoudi | Nondestructive Room-Temperature Adsorption of 2, 4, 6-tri(2 ′ -thienyl)-1, 3, 5-triazine on a Si-B Interface: High-Resolution STM Imaging and Molecular Modeling[END_REF][START_REF] Garah | Reversible Single Molecular Switch Operating at 300 k on a Surface[END_REF]. The features related to nitrogen appear faded due to its closer distance to the surface, and also because of its smaller cross-section in the electron tunneling process. The small discrepancies observed from the intensities of calculated to the experimental images are more likely related to a higher molecular freedom at the temperature used in STM measurements. 

Hooks and al. classified different modes of epitaxy in molecular organization on crys-

talline substrates according to transformation matrices p q r s of overlayer lattice relating to substrate lattice [START_REF] Hooks | Epitaxy and Molecular Organization on Solid Substrates[END_REF]. For our case, the unit cell of supramolecular structure forms a rectangle as highlighted by the ⃗ h and ⃗ v lattice vectors. By using a matrix notation, this rectangular structure is described relatively to the lattice vectors ⃗ α and ⃗ β of the Si(111)-B surface as -2 1 0 3 . It is described by the "point to point" coincidence, as p, q, r and s are all integers. The supramolecular network is commensurable with the Si(111)-B surface representing the most energetically favorable case with respect to the overlayersubstrate energy. This type of epitaxy suggests that the molecule-surface (MS) interaction should be stronger than the molecule-molecule (MM) interaction. MS interaction can be explained by the electrostatic interaction of the lone pair of nitrogen atoms pointing towards the empty silicon adatom dangling bond [START_REF] Makoudi | Nondestructive Room-Temperature Adsorption of 2, 4, 6-tri(2 ′ -thienyl)-1, 3, 5-triazine on a Si-B Interface: High-Resolution STM Imaging and Molecular Modeling[END_REF][START_REF] Garah | Reversible Single Molecular Switch Operating at 300 k on a Surface[END_REF]. Concerning the molecule-molecule interactions, van der Waals interactions exist between two rows of NBr molecules, which are separated by 0.2 nm (see Figure 3.10 a), and which supports the formation of the 2D network.

Following the molecular arrangement proposed for NBr on Si(111)-B, one also expects a van der Waals contribution to the molecule-molecule interaction. Furthermore, the NBr molecule exhibits a net dipole moment and the anti-parallel configuration within a single surface unit should lead to minimize the potential dipole-dipole interaction between two neighboring NBr molecules. A similar argument can be used to rationalize the small distances measured between surface NBr pair units observed in Figure 3.10 d where the local halogen bonds have also an anti-parallel geometry. Although we failed to create a stronger halogenated network by using NBr molecules as building blocks, we have highlighted the important role of the surface for molecular network engineering.

1D molecular nanolines: NN / Si(111)-B

The presence of pyridyl moiety of a NBr molecule induces a strong N-surface interaction, leading to the formation of smaller 2D islands. One could ask the question: what will happen if another bromophenyl moiety is also substituted by pyridyl moiety, will the N-surface interaction be further strengthened? NN molecules were thus synthesized and investigated to complete the analysis of terminate effect. The STM image in Figure 3.11 b shows self-assembled NN molecules on the Si(111)-B surface for 0.4 monolayer deposition at room temperature. Unlike the precedent studied network by "DBT/Si(111)-B" and "NBr/Si(111)-B", the formation of 2D networks or nanostructures were never observed. In According to the high-resolution STM images obtained at 110 K reported in Figure 3.12 a, each nanoline consists of periodic arrangement of bright protrusions. The measured center-to-center distance between two adjacent protrusions along the direction of nanolines is 1.35 nm (see Figure 3.12 a), which is slightly larger than the NN molecule (1.14 nm). The bright protrusions are mostly associated to the central phenyl ring of NN molecules. Based on the analysis of high-resolution STM images, an adsorption model for the molecular arrangement of NN on Si(111)-B surface is proposed in Figure 3.12 b. This adsorption model was used as the starting point for the numerical simulations. In order to visualize molecular assembly, three molecular schemes have been superimposed to the magnified The main molecule-substrate interaction is due to the electrostatic interaction of the nitrogen lone pairs that are pointing towards Si-adatoms. The absence of adjacent parallel nanolines reveals that the molecule-molecule interactions between nanolines are nearly negligible remainings of dispersion type (Figure 3.13 b) and do not facilitate lateral interactions The geometry of NN molecules at the frontier of two nanolines was also investigated. Similarly to the linear conformation, the molecules at this frontier are guided by the Si(111)-B surface lattice. The shortest N• • • H distances between NN units at the junction are longer (0.30 nm) than within a nanoline (0.22 nm), suggesting weaker electrostatic interactions at the NN junctions. The calculated STM image of the NN junction shown in Figure 3.13 c contains a line of bright spots that are associated to the more central aromatic cycle of the NN molecules. The contrasts and the main features of the calculated STM image of the junction are fully consistent with the experimental results in Figure 3.13 d. The perfect adequation between calculation and experience strongly supports the proposed adsorption model.

Nanostructures arrangement: Influence of bromine bonding

In order to complete our analysis on the influence of bromine and heteroatoms on the resulting nanostructure array, we are comparing in Figure 3.14 the networks obtained with NN, NBr to the 4,4"-dibromo-p-terphenyl (DBT) species we have previously investigated The absence of the formation of 2D structures by using NN molecules also suggests that the molecule-molecule interactions between two adjacent nanolines are not attractive. In contrast, replacing an N-selective bond by a weaker halogen-surface bond increases lateral interactions that involve halogen bonds, which in turns facilitates the creation of 2D systems. We can also notice that NBr molecules always adopt an anti-parallel configuration that should also minimize lateral interactions due to dipole-dipole interactions. Finally, the absence of N-directional bonding for DBT leads to a very compact 2D network where the proximity of halogen bonds also suggests that the presence of lateral interactions are somehow related to the presence of polar C-Br bonds. The large variation of molecular arrangement from DBT, NBr to NN reported in Figure 3.14 constitutes a relevant example where a competition between molecule-surface and molecule-molecule interactions has a drastic effect on the resulting morphology of molecular networks. The required temperature for the desorption of DBT, NBr and NN molecules are quite close (about 350 K), which is also related to the molecule-surface and molecule-molecule interactions.

Co-adsorption of DBT and NN molecules on Si(111)-B

According to the previous conclusion, we are able to realize a commensurable 2D network via "DBT/Si(111)-B", where the building block is based on two symmetric bromophenyl groups. Stable surface guided 1D nanolines of "NN/Si(111)-B" can be achieved with the building block based on two symmetric pyridyl groups. The mixture of the two groups has triggered our interest. The first attempt of combining a bromophenyl group and a pyridyl group is investigated by the deposition of the heterostructural NBr molecule on Si(111)-B, giving rise to a non-compact 2D network. Another way of combining the two groups are realized by mixing the 2D network "DBT/Si(111)-B" and the 1D network "NN/Si(111)-B". Firstly, we performed the deposition of NN molecules (373 K during 30 seconds) on Si(111)-B surface held at room temperature, characterized by STM at 110 K. Figure 3.15 shows the NN nanolines (0.2 monolayer) with a period of 1.35 nm following the three main directions of Si(111)-B surface as highlighted by the white dashed line. The adsorption model has been previously discussed by the combination of STM and simulation in section 3.2.3.

On the basis of the obtained 1D NN lines in Figure 3.15, DBT molecules were then deposited (408 K during 1 minute) on the same substrate held at room temperature, and then characterized by STM at 110 K. A more compact nanostructure was formed (Figure 3.16) with a coverage of 0.6 monolayer on the Si(111)-B surface. Thanks to the high-resolution STM image, linear structures (underlined by the black dashed line) appear to be brighter and can easily be recognized with a coverage of 0.2 monolayer. The rest nanostructures (0.4 monolayer) were arranged in close to these linear structures and can be seen as 'stripes' (see Figure 3.16). Both linear structures and stripes follow the three main directions of Si(111)-B. For simplicity, linear structures and stripes will be abbreviated respectively to "L" and "S". For example, "L/S/L" refers to a stripe between two lines of NN molecules. The zones marked as 1,2,3,4 represent respectively the configurations "L/S", "L/S/L", "L/S/S/L" and "L/S/S/S/L". All these configurations will be discussed in details below.

"L/S": A stripe in close to a NN line

The simplest configuration "L/S" was displayed by the STM image of near edge molecular network in Figure 3.17. The center of each oblong protrusion within each line covers a silicon adatom underlined by the intersection of Si(111)-B lattice (white dashed lines). The center-to-center distance of two adjacent bright protrusions within a NN line measures 1.35 nm. The stripe consists of side by side arrangement of rod-like structures which are parallel to the ⃗ α direction. The feature contoured in black dashed line indicates the unit pattern with a length of 1.56 nm (red arrow) which is close to the length of a DBT molecule (1.53 nm). The center-to-center distance between two neighboring rod-like patterns within a stripe is 0.68 nm (green arrow), which is in consistence with the lattice constant of Si(111)-B (0.67 nm). The unit pattern was located between two rows of silicon adatoms along the ⃗ α direction. The upper side of rod-like patterns points towards either the center of a bright, oblong feature or towards the faded gap between two oblong features within the NN lines. A zigzag edge highlighted by green dashed curve can be observed with regard to the lower side of the stripe. We attribute the rod-like structure within the stripe to a DBT molecule.

According to the above observations and measurements, an adsorption model is proposed in Figure 3.18 a. DBT molecules are rotated by an angle of 120 • related to the direction of NN lines. Each DBT molecule sits over three Si-adatoms. It is different from the displayed STM image (V s = -1.5 V) in Figure 3.17, which reveals that each rod-like pattern locates between two rows of Si-adatoms (feature contoured in black dashed line, see Figure 3.18 a). Inspired by the typical example of zigzag appearance of the sexiphenyl molecule on Ag [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] [START_REF] Braun | Probing the Conformation of Physisorbed Molecules at the Atomic Scale Using STM Manipulation[END_REF], we learned that the STM can record the higher edge of the π-ring as a protrusion because it is closer to the tip. An explanation of the proposed model could be given by the tilted π-ring of the DBT molecule. Therefore, the closer part of NBr molecule The main molecule-substrate interaction for NN molecules is due to the electrostatic interaction of the nitrogen lone pairs that are pointing towards Si-adatoms. While for DBT molecules, molecule-surface interactions arise from the central phenyl rings parallel to the surface, which plays an important role for the directionality of DBT molecular network. It is supported by the piece of evidence that all the DBT molecules and NN molecules follow the three main directions of the surface lattice. The junction of DBT molecules and NN molecules are magnified by the alternated view in Figure 3 rod-like structures located over a row of Si-adatoms. The junction "L 1 /S 1 " is similar to the "L/S" configuration in 3.3.1 except the different adsorption sites of rod-like structures on the surface. At the junction between S 1 and L 2 , a narrow gap can be observed, representing a larger distance between S 1 and L 2 compared to that of S 1 and L 1 . 3.3.3 "L 1 /S 1 /S 2 /L 2 ": Two stripes between two NN lines Figure 3.21 a displays the high resolution STM image where the distance between two NN lines increases from 2.31 nm to 3.47 nm, two stripes or DBT molecules were located between the two NN lines. "L 1 /S 1 " and "L 2 /S 2 " are symmetric to the line A (black line). Rod-like structures within S 1 and S 2 are parallel to ⃗ α direction of Si(111)-B. According to the intersection of surface lattices (white dashed line), the adsorption sites of the rod-like structures can be determined. The unit pattern of S 1 shifts slightly to the right side of rows of Si-adatoms along ⃗ α direction and rod-like structures of S 2 shifts slightly to the left side (highlighted by the yellow arrow).

The corresponding adsorption model for Figure 3.21 a is proposed in Figure 3.21 b. The junctions of "L 1 /S 1 " and "S 2 /L 2 " are symmetric where the main molecule-molecule contributions are hydrogen bonds and electrostatic interaction between N and Br (see Figure 3.21 c). The distance of Br• • • Br measures 0.28 nm at the junction "S 1 /S 2 " presented by yellow arrows in Figure 3.21 d. As reported by Bui and al. [START_REF] Bui | The Nature of Halogen-Halogen Interactions: A Model Derived from Experimental Charge-Density Analysis[END_REF], C-X• • • X-C bonds depend on the angle between X-C groups (X refers to halogen atoms). For our case, Br-C axis are aligned in the same direction (black dashed line in Figure 3.21 d), corresponding to the van der Waals type of halogen bond (type-I). It is worthwhile that Br atoms don't sit over any Si-adatoms along the line A, leading to the presence of narrow gap between S 1 and S 2 .

3.3.4 "L 1 /S 1 /S 2 /S 3 /L 2 ": Three stripes between two NN lines When the distance between two nanolines increases from 3.47 nm to 5.62 nm (Figure 3.22 a), three stripes of DBT molecules can be observed between the two NN lines. The location of the rod-like patterns related to the Si-adatom (underlined by the intersection of white dashed line) is shown by the yellow arrow which indicates the center of rod-like structures. Rod-like patterns within S 0 , S 2 and S 3 are parallel to ⃗ α direction. While the rod-like patterns within S 1 are rotated by 122 • . Rod-like patterns within S 0 , S 1 and S 3 sits over Si-adatoms, while rod-like patterns within S 2 shifts slightly to the lower part of rows of Si-adatoms along ⃗ α direction. The black dashed lines A 1 , A 2 and A 3 indicate the center of molecular junctions "L 1 /S 1 ", "S 1 /S 2 " and "S 2 /S 3 ". A 1 and A 3 are along a row of Si-adatoms along ⃗ β while A 2 locates between two rows of Si-adatoms. Narrow gaps can be seen at A 1 and A 2 while at A 3 round features are periodically arranged (Period: 0.68 nm). At the junction "S 1 /S 2 " (Figure 3.22 e), the angles between the axis C-Br group and the axis of Br-Br are respectively θ 1 = 165 • and θ 2 = 105 • . And the distance between two bromine atoms is 0.32 nm. Attractive halogen interaction exists between the electron rich (-) and electron poor (+) areas of Br atom (Figure 3.22 f). It belongs to a pseudo type II halogen bond where the angle θ 1 and θ 2 are respectively 180 • and 90 • , arising from the influence of the Si(111)-B surface that couples with the density of states of the adsorbed molecules. Van der Waals type of halogen-halogen interactions (type I) also exists between the stripes "S 2 /S 3 " where Br-C are aligned (Br• • • Br distance is 0.28 nm, Figure 3.22 g and h.

3.3.5 "L 1 /S 1 /S 2 /S 3 /S 4 /L 2 ": Four Stripes between two NN lines Figure 3.23 a shows the configuration where the distance between two NN lines increases up to 6.42 nm, four stripes of DBT molecules are located between two NN lines. The molecular network is symmetric to the black dashed line A 2 . Rod-like structures within S 1 and S 2 are parallel to ⃗ α direction of the Si(111)-B, while the rod-like structures in S 3 and S 4 are rotated by 122 • . A 1 , A 2 and A 3 represent respectively the junction of "S 1 /S 2 ", "S 2 /S 3 " and "S 3 /S 4 ". A 1 and A 3 cross a row of Si-adatoms along the ⃗ β direction, and round features can be recognized along A 1 and A 3 . While A 2 can be found between two rows of Si-adatoms, a narrow gap is revealed between S 2 and S 3 .

Adsorption model is presented in Figure 3.23 b. Hydrogen bond and electrostatic interactions of lone pairs of nitrogen atoms pointing towards the positively polarized area of bromine atom contribute to the main molecule-molecule interaction between L 1 /S 1 and L 2 /S 4 (see Figure 3.22 a). Van der Waals type of halogen-halogen interactions (type I) dominates the interactions between parallel stripes "S 1 /S 2 " and "S 3 /S 4 " (Figure 3.23 c andd). Pseudo type II halogen bond contributes mainly to the interactions between stripes "S 2 /S 3 " rotated by 120 • (Figure 3.23 e and f).

In summary, thanks to the subsequent deposition of NN molecules and DBT molecules on Si(111)-B surface, it is found that DBT stripes could interplay with the NN lines. The molecule-surface interactions are sufficiently strong, supported by the observation STM images (all the DBT and NN molecules follow the main lattice direction of the substrate). The interplay between DBT stripe and NN lines is mainly contributed to hydrogen bond N• • • H. Halogen-halogen interactions C-Br• • • Br-C of type I and II contributes to the main interactions between two DBT stripes. These results drive us to compare with the network "DBT/Si(111)-B". Without the presence of NN molecules, the extended 2D network is stabilized only by halogen bond of type II. We assume that after depositing NN molecules on the Si(111)-B surface, the electronic state of the substrate near the NN line has been modified, and this modification induces the further changes of the arrangement of DBT molecules. We start writing a publication based on this observation.

Conclusion

In this chapter, I have presented the systematical investigation of the deposition of two organic molecules NBr and NN on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and Si(111)-B surfaces. On the Cu( 111) surface (see Figure 3.24), the catalytic effect of surface at room temperature prevents the formation of halogen-bonded nanoarchitecture, which on the contrary favor the dehalogenated reaction. The deposition of the heterostructural NBr molecule on the Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface leads to the formation of the linear structure driven by three types of metal-organic coordinations (N-Cu-N, C-Cu-C, N-Cu-C). The adsorption of the by products (Br atoms) on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface (for the case of DBT and NBr) near the coordinated nanolines seems to be an important factor for the production of rectilinear networks. While for the case of "NN/Cu(111)", with the absence of Br atoms, the linear network exhibits a higher flexibility. After the further thermal annealing process of "NBr/Cu(111)" at 533 K during 10 minutes, the linear nanostructure was then transformed into robust disordered structures (even stable at 713 K) constituted by pyridine-(Ph 4 )-pyridine dimers resulting from the partial release of Cu atoms (C-Cu-C) towards the C-C coupling. The configuration N-Cu-N is temperature resistant and the desorption process of NN molecules takes place at 525 K.

On the Si(111)-B surface (see Figure 3.24), we highlighted the formation of 2D and 1D supramolecular networks on a silicon surface which are stable at room temperature. The geometry of networks can be tuned by exploiting the complementarity between moleculemolecule interaction and molecule-surface interaction. We have identified the pivotal role of the nitrogen atom of pyridine units in halogen bonding to force the formation of 1D or 2D supramolecular networks thanks to the combination of experimental and of calculated STM images. This work could be extended for the formation of robust and polyfunctional organic networks adsorbed on the Si(111)-B surface, via the suitable configuration of terminates.

The co-adsorption of NN and DBT molecules on a Si(111)-B surface successfully mixed the 1D network with a 2D network. NN molecules interact strongly with the surface via the selective N-surface bonding and favors the formation of nanolines. DBT molecules appear in the form of stripes. Up to four DBT stripes confined between two nanolines have been discovered, depending on the the distance between two NN nanolines and the coverage of DBT molecules. The adsorption model has been proposed, suggesting that halogen-halogen interactions of type I dominates the parallel arranged DBT stripes while the type II halogen bond contributes mainly to the DBT stripes where DBT molecules were rotated by 120 • . Our study could be extended for engineering molecular networks based on halogen bond.

Chapter 4

Tandem reaction triggered by local electrons: towards chain reaction on surfaces

Introduction

The "bottom-up" fabrication of innovative nanomaterials on surfaces has triggered great research interests due to its potential applications in the filed of materials science and molecular electronics. Supramolecular network uses noncovalent binding to connect molecules to one another that give rise to molecular recognition and self-assembly process. However, non-covalent interactions are relatively weak. Self-assembled molecular networks could be broken without significant activation barriers. On the contrary, when molecular precursors are covalently linked, the macromolecular system could be more stable on the surfaces. Steering noncovalent motifs to covalently linked products has been reported to the generation of polymeric chains, hyper-branched oligomers, graphene ribbons, porous molecular networks etc [START_REF] Cai | Atomically Precise Bottom-Up Fabrication of Graphene Nanoribbons[END_REF][START_REF] Zwaneveld | Organized Formation of 2D Extended Covalent Organic Frameworks at Surfaces[END_REF][START_REF] Weigelt | Surface Synthesis of 2D Branched Polymer Nanostructures[END_REF].

To date, various types of on-surface reactions has been realized such as the Ullmann reaction, Glaser coupling, Bergman cyclization, azide-alkyne cycloaddition, imine formation etc. Such reactions can be triggered by UV excitation, thermal annealing or a probe tip (discussed in chapter 1). Recently, the group of Chi [START_REF] Yang | Catalytic Dealkylation of Ethers to Alcohols on Metal Surfaces[END_REF] reported the finely controlled catalytic dealkylation reaction on metallic surfaces by appropriate annealing. The initial deposition of the triangular-shaped 1,3,5-tris(4-Dodecyloxyphenyl) benzene TDPB molecules on Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] held at room temperature formed a periodic network (Figure 4.1 a). The corresponding structural model was proposed in Figure 4.1 b. This network is stabilized by van der Waals interactions between the parallel alkyl chains. Subsequent annealing at 413 K during 15 minutes induced a dramatic phase evolution. Three newly formed phase (Figure 4.1 c-e) was constituted respectively by the TDPB molecules with one (Phase A), two (Phase B), and three (Phase C) missing alkyl chains (Figure 4.1 f-h). These results imply a successive dealkylation process despite the dissociated alkyl chains (C 12 ) were not observed. X-ray photoelectron spectroscopy (XPS) measurements were also performed on the entire surface. There is a significant loss of carbon after annealing, which strongly suggests the dealkylation reaction through the thermal activation. And the strong oxygen signal in the XPS spectra suggests the oxygen atoms remain in the benzene side after reaction. According to the combined STM studies and DFT calculations, the authors declaimed that this C-O bond scission is surface-assisted and the products of the dealkylation reaction display hydroxy terminals. Moreover, the dealkylation reaction can even take place at close to room temperature on a stronger catalytic surface such as Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF].

Fortuitously, we have investigated the deposition of the alkoxybenzene derivatives on metallic surfaces. Similar scissor reaction has been observed. For this end, we syn- According to the calculations, the distance between two cyano groups is equal to 1.65 nm and the distance between the extremities of alkyl chains is 3.18 nm. CDB-OC 10 molecules were deposited from a quartz crucible (443 K during 1 min) on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] 

Domain P1: Threefold coordinated network

The high-resolution image in Figure 4.4 a reveals the domain P1, which is constituted by the cross-like features. Every cross-like feature is made up of a bright protrusion (blue double-headed arrow) and two dark stripes (white double-headed arrow). The length of the bright protrusion measures 1.67 nm and the distance between the extremities of the two stripes is 3.22 nm. These measurements are in good agreement with the features of a There are three CDB-OC 10 molecules per unit cell, for an area of 13.23 nm 2 . The molecular density is thus 0.23 molecules/nm 2 . Based on the above analysis of STM images, the structural model of the unit cell is proposed in Figure 4.4 c. Comparing to the reported different configurations of self-assembled networks of NC-Ph 5 -CN on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] [START_REF] Pivetta | Temperature-Dependent Self-Assembly of NC-Ph5-CN Molecules on Cu(111)[END_REF], we could suggest that for our case, a Cu adatom coordinates with three CDB-OC 10 molecules despite Cu adatom is not resolved in the STM image. Moreover, the deposition temperature (300 K) allows the available Cu adatoms to form the coordination bonds. The threefold coordination between three triphenyl cores of the neighboring CDB-OC 10 molecules and a Cu adatom (red circle in Figure 4.4 c) is considered to be the driven force for the formation of this network.

Domain P2: Twofold coordinated network

The close inspection of the domain P2 is displayed in Figure 4.5 a. Thanks to the high-resolution STM image, the cross-like CDB-OC 10 molecule can be easily recognized (see the insert enlarged image superimposed with a model of the CDB-OC 10 molecule). The bright protrusion and the dark stripe correspond respectively to the triphenyl core and the C 10 alkyl chain of the CDB-OC 10 molecule. For one column of CDB-OC 10 molecules, the triphenyl core is head-to-tail aligned. The period along the direction of the triphenyl core is 2.0 ± 0.2 nm (red square of profile "1" in Figure 4.5 b), which is longer than the length of the triphenyl core. In addition, two neighboring parallel lines of triphenyl core are spaced by the distance of 2.2 ± 0.2 nm (red circles of profile "2" in Figure 4.5 c), on account of the location of the C 10 alkyl chains in the perpendicular direction of the triphenyl core. Based on the above observations, we propose the corresponding structural model (see Figure 4.6). The deposition temperature (300 K) allows the available Cu adatoms to form the coordination bonds. Moreover, this configuration is in good agreement of the twofold coordination networks of NC-Ph 5 -CN on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] [START_REF] Pivetta | Temperature-Dependent Self-Assembly of NC-Ph5-CN Molecules on Cu(111)[END_REF]. Accordingly, we suggest that the triphenyl core is connected by the coordination bridge CN-Cu-NC although the Cu adatom is not resolved. The main contribution for the construction of the nanoarchitecture is due to the twofold coordination bonding (CN-Cu-CN) between two cyano groups of two CDB-OC 10 molecules and a Cu adatom (red circle in Figure 4.6). Interdigitated interactions between C 10 alkyl chains of CDB-OC 10 molecules contribute to the main lateral interactions (black 

Dissociation on the robust coordination network i) Destruction of the coordination network at high bias voltage

After the successful construction of the robust network stabilized by metal-organic coordination. We were then interested in acquiring high-resolution STM images at different bias voltage conditions (on the twofold coordination network), expecting to obtain more information about the adsorption of CDB-OC 10 molecules on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]. Consequently, the contrast of STM images obtained with the bias voltage from V s = -1 V to V s = -2.7 V are almost identical (see Figure 4.5). Even higher bias voltage is applied and we find that it is always difficult to obtain a stable STM image at V s = -3 V. What happened at V s = -3 V? To answer this question, we selected a defect-free twofold coordination domain as the reference (STM image was obtained at V s = -1.5 V, see Figure 4.7 a). Then this perfectly organized domain (45 × 45 nm 2 ) was continuously scanned at V s = -3 V for about 60 minutes. The final STM image was obtained at the same bias voltage V s = -1.5 V for comparison. As a ii) Local scissor reaction of CDB-OC 10 molecule by STM tip Since the constant scan over the self-assembly of CDB-OC 10 /Cu(111) at V s = -3 V induced the deconstruction of the coordination network, what if the bias voltage of V s = -3 V is locally applied to the specific location of the network? For this study, the "Z before V atom manipulation" (ZV for simplicity) has been utilized (Figure 4.8). For each ZV operation, the probe tip follows the routine A⇒B⇒C⇒D⇒E⇒A. The point A refers to the initial position of the probe tip and the target position is indicated by the red arrow ⃗ CD. At point A, STM image was obtained at bias voltage Vs 1 with the regulation of tunneling current (constant current mode). During the ZV operation, the regulation of tunneling current is disabled. ZA operation begins with a relocation of the probe tip from A to B (0.1 nm over C) which takes about 1 millisecond (adjustable). From B to C, the gap width decreases firstly 0.1 nm (adjustable) over 1 millisecond (approaching the surface). Then the bias voltage Vs 1 approaches to Vs 2 with the predetermined slew rate of bias voltage (for our case, 3 V/second). The bias voltage Vs 2 is applied over ⃗ CD. The back tracking of the probe tip is from D to E to A (green arrows), the gap width increased 0.1 nm (retract) and the bias voltage Vs 2 returns to the original condition Vs 1 , finally the probe tip relocates to point A. The duration of one ZV operation is about 1 second. The bias voltage of Vs 2 is applied over ⃗ CD during 8 ms, when the length of ⃗ CD is 1 nm and the scanning rate is 125 nm/s. Such ZV operation was utilized for the following discussions.

We have used the ZV operation to locally apply the bias voltage V s = -3 V over the self-assembled domains of CDB-OC 10 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]. All STM images in Figure 4.9 a-f were obtained at the same image condition for comparison (I t =1.01 nA, V s1 = -1.4 V, T = 110 K). For the domain "1" in Figure 4.9 a, during the acquisition of the STM image (scan from Fig. 4.9 a-b) STM images obtained before and after four ZV operations (-3 V, 1 ms) at the near-edge sites indicated by red arrows. c) Two additional chains were observed in the porous between the alkyl chains of CDB-OC 10 molecules. d-f) STM images revealing the effect of ZV operation (-3 V, 1 ms) at the red arrow site between two lines of CDB-OC 10 molecules. d),e) and f) were respectively recorded at t=0; t=8 minutes; and t=16 minutes. Image conditions: I t =1.01 nA, V s = -1.4 V, scale bar: 2 nm, T = 110 K). down to up), four times of ZV operations were successively conducted with the bias voltage Vs 2 = -3 V over the connection of triphenyl core and alkoxy chains of four CDB-OC 10 molecules at the near-edge of molecular self-assembly (indicated by the four red arrows in Figure 4.9 a). The subsequent STM image (scanning from up to down) was displayed in Figure 4.9 b. Fascinatingly, the outer side of four alkyl chains of the near-edge CDB-OC 10 molecules were missing (comparing to the near-edge of Figure 4.9 a). This experiment shows the local dissociation of alkyl chains as a result of ZV operation. The advantage of this method is that one could precisely conduct the scissor reaction at the specific locations over the self-assembly of CDB-OC 10 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]. The next question is where are the missing alkyl chains? In the area near domain "1" (Figure 4.9 c), two additional alkyl chains (indicated by white arrow) were found to be confined between four CDB-OC 10 molecules. The length of the two chains are identical and equal to 1.4 nm, corresponding to two C 10 alkyl chains. The domain "2" (Figure 4.9 d) was also selected to perform the ZV operation. The applied bias voltage for ZV operation was fixed at Vs 2 = -3 V, this time at the inner-side of the CDB-OC 10 /Cu(111) self-assembly (red arrow in Figure 4.9 d). We also observed the missing of the alkyl chain at the position indicated by white arrow in Figure 4.9 e. This result confirms once more the availability of the scissor reaction of the CDB-OC 10 /Cu(111) by means of ZV operation.

Besides, one can also observe the evolution of the coordination network at the near-edge position from Figure 4.9 d to f. Before ZV operation, the twofold coordination between triphenyl cores and Cu adatoms was perfectly head-to-tail aligned (black dashed line in Figure 4.9 d). While the image acquired right after the ZV operation (Figure 4.9 e) reveals that two triphenyl cores no longer follow the primitive rectilinear direction (black dashed line in Figure 4.9 e). In addition, there is a CDB-OC 10 molecule containing two alkyl chains rotated by an angle of 20 • (indicated by the yellow double-headed arrow). This domain is eventually stabilized as shown in Figure 4.9 f. Two CDB-OC 10 molecules were disappeared (white dashed ellipse) where ZV operation was conducted. Hence, the STM image in Figure 4.9 e represents an intermediate state between Figure 4.9 d and f. The curved line and double alkyl chains found in Figure 4.9 e could be explained by the instability of this intermediate state on the surface.

In summary, we have provided an efficient way to locally trigger a scissor reaction of alkoxybenzene derivatives on the Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface. And this on-surface reaction could be controlled precisely with an atomic resolution. Moreover, this experiment could be further developed to remove a certain amount of molecules at the specific position of the robust coordination network. Near the coordinated network where ZV operations were conducted, we found a domain consisting mainly by stripes (the edge of stripes was highlighted by white dashed contour, see Figure 4.10 a). Two isolated intact CDB-OC 10 molecules appeared at the left bottom part of this STM image (red arrow). Bright protrusions and dark stripes correspond to triphenyl core and C 10 alkyl chains of a CDB-OC 10 molecule. We could attribute the stripes to the alkyl chains, evidenced by the observations that all the stripes have the same contrast and width comparing to the alkyl chain of the cross-shaped CDB-OC 10 molecule in the STM image. The nearest distance between two parallel alkyl chains measures 0.5 nm (black dashed line). The appearance of alkyl chains on the surface is different from the reported thermal annealing dealkylation process [START_REF] Yang | Catalytic Dealkylation of Ethers to Alcohols on Metal Surfaces[END_REF]. The authors declaimed that the dissociated alkyl chains of alkoxybenzene derivatives on Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] were never observed on the surface, due to their low adsorption energy. Therefore, the desorption of alkyl chains takes place after the thermal annealing at 413 K. While for our case, after the deposition of CDB-OC 10 /Cu(111) at 300 K, we characterized directly the surface by STM at 110 K. No further annealing was performed which prevented the alkyl chains from desorption.

The more fascinating observation is that the length of alkyl chains is longer than that of C 10 . On the basis of the statistical analysis of more than 20 STM images, we obtained the size distribution graph of the alkyl chains as shown in Figure 4.10 b. The lengths of the displayed alkyl chains vary from 1.6 nm to 5.5 nm. Among all the alkyl chains, 1% measures 1.6 ± 0.3 nm; 9% of 2.7 ± 0.3 nm; 82% of 4.2 ± 0.3 nm; 8% of 5.1 ± 0.3 nm. Assuming the planar configuration of the alkyl chains adsorbed on the surface, the number of carbon atoms involved in the alkyl chains are, respectively, C 10 , C 20 , C 30 and C 40 for the chain length of 1.6 ± 0.3 nm, 2.7 ± 0.3 nm, and 4.2 ± 0.3 nm and 5.1 ± 0.3 nm. In another words, there are 1% alkyl chains of the type C 10 , 9% of type C 20 , 82% of type C 30 and 8% of type C 40 on the Cu(111) surface (see Figure 4 The most commonly observed oligomeric product is the trimer C 30 . By now tetramer (C 40 ) refers to the max oligomerization that we have ever observed on the surface.

Dissociation over the diffused CDB-OC 10 molecules

Besides the mainly existed coordination network formed by CDB-OC 10 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], there are also other domains which are not driven by the metal-organic interactions on the surface. In this part, I will focus the study on these domains. Up' (t=0) and the STM image in Figure 4.11 b is obtained from 'Up to Down' (t=8'). The white arrow indicates two cross-shaped CDB-OC 10 molecules which were connected by a Cu adatom. While CDB-OC 10 molecules inside the red dashed circle were stabilized by the interdigitation of alkyl chains. And parallel arranged alkyl chains appeared in the form of stripes on the surface. One of the alkyl chains is selected as reference (the length of the chain is 3.9 nm, corresponding to C 30 ). There is no change when comparing the two images Figure 4.11 a and b. I was then curious about scanning this domain at a positive bias voltage since no change was induced by the the negative bias voltage V s = -1.3 V. The two lower STM images (Figure 4.11 c-d) were obtained with a dual mode scan. It means that during the acquisition of each line of STM image, a positive bias voltage (V s = +1.3 V, Figure 4. 11 c) is applied when the probe tip scans from left to right and a negative bias voltage is applied when scanning from right to left (V s = -1.3 V, Figure 4.11 d). Comparing the images after the dual mode scan (c-d) to the initial images (a-b), we found that CDB-OC 10 molecules inside the red dashed circle 'disappeared' while the two CDB-OC 10 molecules indicated by the white arrow remained entire on the surface. Moreover, the length of the reference alkyl chain (see Figure 4.11 a) increases from 3.9 nm to 6.5 nm, displaying the evolution of the alkyl chain from C 30 to C 50 .

The first thing we learned from the above observations is that at the low bias voltage V s = + 1.3 V or V s = -1.3 V, the CDB-OC 10 molecules bridged with Cu adatom (white arrow) are sufficiently stable and remain unchanged. Higher bias voltage V s = -3 V is needed for dissociating this type of CDB-OC 10 molecules (discussed in section 4.2.2). It is noteworthy that the alkyl chains turned to be longer in this domain due to the dual mode scan. knowing that the negative bias voltage V s = -1.3 V didn't induce any changes (Figure 4.11 a-b), we could conclude that it was the positive bias voltage V s = + 1.3 V that induced these modifications.

We then selected another domain where molecular diffusion could be observed. Figure 4.12 a is the initial image as reference for further comparison. On the right part of this image, Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] is not clearly resolved, due to the molecular diffusion. STM images in Figure 4.12 a-d were obtained every 8 minutes during 32 minutes. All these images were obtained at the same condition (V s = 1.1 V, I t = 1.01 nA, T = 110 K). As a result, more and more porous (indicated by white arrow) of the twofold coordination network were filled by the unknown elements as a function of the scanning time (from a: t=0 to d: t=32'). Figure 4.12 e displays the close inspection of the domain "1" of Figure 4.12 d obtained after the scan for 32 minutes. Thanks to this high resolution STM image, we clearly observed that the coordinated network was not modified, and the elements that fulfill this domain are made up of alkyl chains of type C 10 . Besides, more and more elements emerged in the near-terrace domain (yellow square, Figure a-d). The high resolution image of the domain "2" of Figure 4.12 d was displayed in Figure 4.12 f. The elements in the yellow square correspond to alkyl chains with the length varying from 2.5 nm (C 20 ) to 4.9 nm (C 40 ). The generation of longer alkyl chains by dissociating diffused CDB-OC 10 molecules is also applicable at negative bias voltage (V s = -1.4 V), or even lower bias voltage, i.e., V s = 0.4 V. For each case, longer alkyl chains were produced and could be found either inside the coordinated network, or in the form of the alkyl chain islands.

CDB-OC 10 molecules on non-catalytic surface HOPG

It is emphasized by Chi that metallic adatom plays a key role in the catalytic dealkylation reaction [START_REF] Yang | Catalytic Dealkylation of Ethers to Alcohols on Metal Surfaces[END_REF]. In this section, we would like to study the catalytic effect of the surface to the dissociation of CDB-OC 10 molecules. For this mission, we selected a well-known non-catalytic surface, Highly Oriented Pyrolytic Graphite (HOPG). Figure 4.13 a displays a large-scale STM image, acquired at 110 K, after the deposition of CDB-OC 10 molecules (448 K, 40 seconds) on the HOPG surface. Two domains were highlighted respectively by black and red squares. The high resolution STM image in Figure 4.13 b displays the black square domain. It is a compact periodic 2D network constituted by bright lines, which were separated by darker stripes. The period between two bright lines was 2.33 nm. Each bright line was made up of paired bright protrusions with a total length of 1.72 nm (blue arrow), and the distance between the center of two paired protrusions measure 0.94 nm.

Based on the high-resolution STM image and the feature of a CDB-OC 10 molecule, we attribute the bright-paired protrusions to two cyano groups. In filled states, the central phenyl ring appears faded, which was in good agreement with the reported feature of CDB-OC 10 /Si(111)-B [START_REF] Makoudi | Supramolecular Self-Assembly of Brominated Molecules on a Silicon Surface[END_REF]. The darker stripes between the bright lines were thus attributed to the interdigitated C 10 alkyl chains of two neighboring CDB-OC 10 molecules. The proposed model in Figure 4.13 d represents the unit cell of the periodic network. The supramolecular network is a rectangle as described by the lattice |⃗ e 1 | = 1.22 nm and |⃗ e 2 | = 2.33 nm. There are one CDB-OC 10 molecule per unit cell, for an area of 2.84 nm 2 . The molecular density is thus 0.35 molecules/nm 2 . Molecule-substrate interaction was due to the central phenyl ring parallel to the surface, and the interplay between alkyl chains of CDB-OC 10 molecules and the surface. The main contribution of molecule-molecule interactions was found to be due to the π-π stacking (blue ellipse in Figure 4.13 d) between the cyano groups of two CDB-OC 10 molecules along the direction of the bright lines. Laterally, there is the interdigitation of alkyl 4.13 c corresponds to the red square domain, the STM image was obtained at V s = -0.7 V. Compact arranged stripes could be observed with the length varying from 1.3 nm to 3.8 nm. These stripes correspond to alkyl chains of type C 10 , C 20 and C 30 . The appearance of these chains can only originate from the scissor reaction of CDB-OC 10 molecules. Therefore, the dissociation of CDB-OC 10 molecules is also applicable on HOPG. For summary, whether the surface is catalytic or not, the dissociation reaction could take place, and longer alkyl chains are always produced. These results provide clear evidence that the dissociation reaction is not a surface catalytic reaction. between the extremities of alkyl chains was 3.18 nm. The 1,4-di(4',4"-(bromomethyl)phenyl)-2,5-bis(decyloxy)benzene (BMDB-OC 10 ) molecule (Figure 4.14 b) consists of two lateral aliphatic chains with ten carbon atoms grafted on a triphenyl aromatic core ended by two pyridyl groups. The distance between two brome atoms was equal to 1.63 nm and the distance between the extremities of alkyl chains was 3.18 nm. 4.3.1 On-surface tandem reaction of PDB-OC 10 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] Figure 4.15 a revealed the high-resolution STM image obtained at 110 K after depositing PDB-OC 10 molecules (403 K, 3 mins) on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface held at 300 K. The perfect superimposition of the PDB-OC 10 molecules with the cross shaped feature of the enlarged STM image obtained at V s = -2.2 V was displayed in Figure 4.15 b. Bright protrusions and dark stripes can thus be attributed respectively to triphenyl cores and alkyl chains of PDB-OC 10 molecules. The period of head-to-tail arranged triphenyl core chain is about 1.6 nm (marked by purple double-headed arrow in a), while the triphenyl core length is only 1.15 nm. This difference results from the existence of Cu adatom (tiny yellow ball in b) on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface, leading to the formation of the pyridyl-Cu-pyridyl coordination [START_REF] Tait | One-Dimensional Self-Assembled Molecular Chains on Cu (100): Interplay between Surface-Assisted Coordination Chemistry and Substrate Commensurability[END_REF]. Cu adatom is not resolved in STM image due to the electronic effect which was reported [START_REF] Classen | Templated Growth of Metal-Organic Coordination Chains at Surfaces[END_REF]. Inside the coordinated network, one can also find that there is an additional C 10 alkyl chain confined by four PDB-OC 10 molecules, indicated by the black arrow. Moreover, the black rectangle "1" in Figure 4.15 a highlighted two PDB-OC 10 molecules with two missing chains (Compound 1), which was bridged by pyridyl-Cu-pyridyl coordination. Three oligomeric alkyl ( C 30 , C 30 and 1 C 40 from left to right) chains was found to locate between two rows of compound 1. This domain reveals the coexistence of the products after the dissociation of a PDB-OC 10 molecule: Compound 1 and isolated alkyl chain C 10 . The shortest alkyl chain C 10 was only found inside the self-assembled network. While the preferential conformation are longer alkyl chains on the surface. 4.3.2 BMDB-OC 10 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] As shown in Figure 4.16 a, after the deposition of BMDB-OC 10 molecules (443 K, 1 min) onto Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface held at 300 K, the surface is mainly covered by the close-packed structures indicated by the black squared domain "1". This structure is composed of the cross-shaped patterns. According to the high-resolution STM image (Vs = +0.5 V, Figure 4.16 b), each cross-shaped pattern possesses a bright rod-like feature with the length of 1.3 nm (the distance between two neighboring rod-like features measure 1 nm) and two dark stripes on both sides where the distance between the extremities of two stripes measures 3.3 nm. Comparing to the length of a BMDB-OC 10 molecule (1.63 nm by 3.18 nm), we attribute the dark stripes to the two alkyl chains C 10 , while the length of the bright rod-like feature (1.3 nm) in STM image is shorter than the length of the triphenyl core (1.63 nm). We could assign the bright feature to the debrominated BMDB molecule (BMDB*-OC 10 ) due to the C-Br scissor reaction of alkyl bromide on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface. This kind of C-Br dissociation could even take place on Cu [START_REF] Hla | Inducing All Steps of a Chemical Reaction with the Scanning Tunneling Microscope Tip: Towards Single Molecule Engineering[END_REF] at even low temperature (150 K) [START_REF] Sun | Single-Molecule Insight into Wurtz Reactions on Metal Surfaces[END_REF]. It is further confirmed by the presence of detached Br atoms locating between the bright rod-like features as shown by the red circles in the high-resolution STM image (Vs = -0.7 V, see Figure 4.16 c). Based on the above analysis, a structural model is proposed in Figure 4.16 d). The BMDB*-OC 10 molecule is stabilized by interacting with substrate copper atoms, and the interdigitation of alkyl chains (blue ellipse) contributes also to the formation of the close-packed structure. This network is quite robust and remains unchanged until annealing at 400 K. The domain "2" in Figure 4.16 a is made up of parallel arranged stripes, the lengths of the stripes vary from 1.4 nm to 2.7 nm, corresponding respectively to the length of a C 10 and C 20 alkane molecule. The explication of the appearance of alkane molecules on surfaces are summarized in section 4.6. Combined these results with CDB-OC 10 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], we conclude that on the Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface, the dissociation of the alkoxybenzene molecules together with the formation of longer chains could generally take place, as tested by using molecules terminated by cyano, pyridyl and bromomethyl groups. 4.4 Shorter alkyl chains: CDB-OC 3 molecules on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and on Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] 4.4.1 Molecular self-assembly of CDB-OC 3 on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] Alkane polymerization is of significant meaning in the field of polymer chemistry, eventually for the industrial applications. After the successful production of longer alkyl chains from CDB-OC 10 molecules containing 10 carbon atoms in alkyl chains, we conceived another experience to study the ability of forming longer chains as a function of the amount of carbon atoms including in the alkyl chains. For this purpose, the 1,4-di(4',4"-cyanophenyl)-2,5-bis(propoxy)benzene (CDB-OC 3 ) molecule (Figure 4.17) was synthesized. The CDB-OC 3 molecule consists of two lateral aliphatic chains with three carbon atoms grafted on a triphenyl aromatic core ended by two cyano groups. The distance between two cyano groups was equal to 1.65 nm and the distance between the extremities of alkyl chains was 1.43 nm. This molecule possesses a "X" shape. CDB-OC 3 molecules were deposited on Cu(111) at 413 K during 5 minutes, then characterized by STM at 110 K. I'll begin with the description of the different self-assembled configurations observed on the surface. Figure 4.18 displays the high-resolution STM images of four distinct well-organized domains, as highlighted by the yellow squares marked as "1","2","3" and "4". Domain 1: Figure 4.19 a reveals the close inspection of domain "1". The unit cell of the network is a rhombus involving six "X" shaped feature (as highlighted by the white rhombus). The cell constant is |⃗ e 1 | = 2.96 nm, |⃗ e 2 | = 1.45 nm, ( ⃗ e 1 , ⃗ e 2 ) = 60 • . Each "X" shaped feature is made up of a bright protrusion with a length of 1.72 nm (white arrow in Figure 4.19 a) and two dark stripes, the distance between the extremities of stripes is 1.49 nm (blue arrow in Figure 4.19 a). The "X" shaped feature is in good consistent of the "X" shaped CDB-OC 3 molecule. The bright protrusion and the dark stripes of a "X" shaped feature were respectively attributed to the triphenyl core and the C 3 aliphatic chain. Within the unit cell, two neighboring CDB-OC 3 molecules were rotated by an angle of 60 • (white dashed line in Figure 4.19 a). There are two CDB-OC 3 molecules per unit cell, for the area of 3.72 nm 2 . The molecular density is thus 0.54 molecules/nm 2 . Based on the above observations and measurements, the corresponding structural model was proposed in Hydrogen bonds are considered to be the dominant intermolecular interactions. Noted that there is also the interdigitation between two alkyl chains (C 3 ) of two parallel neighboring CDB-OC 3 molecules (blue circle). Molecule-surface interactions between the alkyl chains and the Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface also contribute to the formation of this supramolecular network. presence of Cu adatoms, each cyano group of four CDB-OC 3 molecules points toward a Cu adatom (blue circle). Fourfold bridge coordination via CN-Cu-NC is the predominant interaction, leading to the formation of this herringbone structure. There are three CDB-OC 3 molecules per unit cell, for the area of 14.06 nm 2 . The molecular density is thus 0.21 molecules/nm 2 . Supported by the investigation of different configurations of self-assembled networks of NC-Ph 5 -CN on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] [START_REF] Pivetta | Temperature-Dependent Self-Assembly of NC-Ph5-CN Molecules on Cu(111)[END_REF], we suggest that for our case, Cu adatom coordinates with CDB-OC 3 molecules despite Cu adatom is not resolved in the STM image. Five CDB-OC 3 molecules and two Cu adatoms are involved within the rhombus cell. Based on the above analyses of STM image, the structural model is proposed in Figure 4.21 b). Three CDB-OC 3 molecules point towards a Cu adatom (blue circle). This hexagonal porous domain is dominated by the threefold coordinated interaction. In summary, the deposition of CDB-OC 3 molecules (less than a monolayer coverage) on Cu(111) held at 300 K could lead to the formation of distinct self-assembled networks driven by hydrogen bond N• • • H and by coordinated interaction CN-Cu-NC. With the presence of Cu adatoms, the competition for the formation of different coordination configurations arises from the deposition rate and the density of the Cu adatoms on the surface [START_REF] Pivetta | Temperature-Dependent Self-Assembly of NC-Ph5-CN Molecules on Cu(111)[END_REF]. Threefold and fourfold metal-ligand coordinated network would be preferential as shown the domain "2" "3" and"4". Nevertheless, with there is no Cu adatom, the main intermolecular contribution is hydrogen bond.

Longer alkyl chains: C 9 to C 36

Besides the periodic arrangement nanoarchitectures, longer alkyl chains were also observed on the Cu(111) surface. Figure 4.23 a-b display two STM images obtained at 110 K before and after continuous scan at the condition V s = -0.8 V, I t = 1.01 nA during 1 hour. The initial image in Figure 4.23 a displays the threefold porous network. Positions indicated by the white arrows appear to be blurred. It means that there are diffused CDB-OC 3 molecules in this domain. The purpose of the continuous scan was to dissociate these diffused CDB-OC 3 molecules. Similarly to the case of CDB-OC 10 /Cu(111) (see section 4.2.4), more and more alkyl chains were found to locate in the porous networks as a function of scanning period. Thanks to the high-resolution STM image in Figure 4.24 a, the "X" shaped CDB-OC 3 molecules can still be recognized with the bright protrusion and dark stripes. Intact CDB-OC 3 molecule was contoured in green (see the insert image). There is also another molecular feature possessing a "⊥" shape (contoured in yellow, see the insert image in Figure 4.24 a). The length of the bright protrusion measures 1.7 nm while the length of the dark stripe measures 0.4 nm. The bright protrusion and dark stripe the "⊥" shaped feature corresponds respectively to the triphenyl core and the C 3 alkyl chain of a CDB-OC 3 molecule. However, one side of alkyl chain was missing. Most of the anisotropic arranged alkyl chains locate near the "X" and "⊥" shaped molecules, as underlined by the blue line (see the insert image in Figure 4.24 a). The lengths of alkyl chains vary from 1.1 nm to 4.8 nm. Based on 4.24 a, a scheme was presented in Figure 4.24 b for simplifying the visualization using the three features (green for intact CDB-OC 3 molecule, yellow for CDB-OC 3 molecule with a missing chain and blue for the alkyl chains). The statistic analysis of the distribution of alkyl chains were displayed in Figure 4.24 c. Taking the length of C 3 (0.38 nm) as the basic module of alkyl chain (monomer), we are able to convert the length information to the number of carbon numbers. "C 9 (trimer), C 12 (tetramer)...C 33 (undecamer), C 36 (dodecamer)" (Figure 4.24 d) coexist on the surface. Among all these chains, pentamer C 15 (pentamer), C 18 (hexamer) and C 21 (heptamer) refer to the most preferential configurations.

Comparing these results to the alkyl chains formed by CDB-OC 10 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]. The common point of these two molecules is that CDB-OC 10 and CDB-OC 3 molecules have the same triphenyl core ending with cyano groups. The difference comes from the amount of carbon atoms containing in the aliphatic chains which was reduced from 10 (CDB-OC 10 ) to 3 (CDB-OC 3 ). For the two cases, diffused molecules could be found and then be dissociated with the increasing scanning time at a specific bias voltage. Simultaneously, there is a multiplied augmentation of the length of alkyl chains on the surface. The observed maximum length of alkyl chains is about 5 nm ± 0.2 nm for both CDB-OC 10 and CDB-OC 3 molecules, corresponding respectively to tetramer (4 × C 10 , for the case of CDB-OC 10 ) and dodecamer (12 × C 3 , for the case of CDB-OC 3 ). For summary, by the reduction of the amount of carbon atoms containing in the alkyl chains, we succeed in generating alkyl chains constituted by more monomers.

CDB-OC 3 molecules on Au(111)

The four alkoxybenzene derivative molecules (CDB-OC 10 , PDB-OC 10 , BMDB-OC 10 and CDB-OC 3 ) have been systematically investigated on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]. Limited by the duration of my thesis, I selected only one molecule for the deposition on another metallic surface Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]. I present here the deposition of CDB-OC 3 molecule (408 K, 1 min) on the less catalytic surface Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] held at 300 K. The results were displayed by the high-resolution STM image in Figure 4.25. Stripes (the edge of stripes were highlighted by the black curves) and bright protrusions (the white arrows) represent respectively alkyl chains and the CDB-OC 3 molecules. The lengths of alkyl chains vary from 1.2 nm to 3.6 nm. By Modulating the length of alkyl chains by C 3 (about 0.38 nm), the alkyl chains can be attributed from C 9 (trimer) to C 27 (nonamer). On the catalytic surface Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and on the less catalytic surface Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], the dissociation of CDB-OC 3 molecules and the formation of longer chains could take place. 4.5 Molecules without "oxygen": CDB-C 12 and BMDB-C 12 on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] We learned from the previous results that there is no surface catalytic effect for inducing the dissociation of alkoxybenzene molecules constituted by distinct terminals (CDB-OC 10 , PBD, BMDB-OC 10 ) or different length of alkyl chain (CDB-OC 10 ,CDB-OC 3 ). The common point of these molecules is that all the chains are connected to benzene via C-O. To gain insight into the role of oxygen atom, we synthesized two molecules involving no oxygen atom: The 1,4-di(4',4"-cyanophenyl)-2,5-bis(dodecyl)benzene (CDB-C 12 ) molecule (Figure 4.26 a), the length of the triphenyl core is 1.65 nm, and the distance between the extremities of alkyl chains is 3.4 nm. The 1,4-di(4',4"-(bromomethyl)phenyl)-2,5-bis(dodecyl)benzene (BMDB-C 12 ) molecule (Figure 4.26 b), the length of the triphenyl core is 1.63 nm, and the distance between the extremities of alkyl chains is 3.4 nm. 111) surface held at 300 K. Two distinct domains were highlighted by the black squares "1" and "2". Domain "1" is displayed by the high-resolution STM image obtained at V s = -0.8 V in Figure 4.27 b. The unit pattern of the nanostructure is constituted by the bright protrusion and two dark stripes. The bright protrusion measures 1.7 nm (blue arrow) and the distance between the extremities of two dark stripes is 3.5 nm (red arrow). The CDB-C 12 molecule (1.65 nm by 3.43 nm) could be perfectly superimposed with the unit pattern. The bright protrusion and the dark stripe correspond respectively to the triphenyl core and the C 12 alkyl chain of the CDB-C 12 molecule. The triphenyl core is head-to-tail aligned with a period of 2.0 ± 0.2 nm (black line in Figure 4.27 b), which is longer than the length of the triphenyl core. These observations are in good agreement of the metal-ligand coordination linear network formed by CDB-OC 10 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] [START_REF] Wang | Single-Molecule Resolution of an Organometallic Intermediate in a Surface-Supported Ullmann Coupling Reaction[END_REF][START_REF] Sirtl | Control of Intermolecular Bonds by Deposition Rates at Room Temperature: Hydrogen Bonds versus Metal Coordination in Trinitrile Monolayers[END_REF][START_REF] Pawin | A Surface Coordination Network based on Substrate-Derived Metal Adatoms with Local Charge Excess[END_REF]. Accordingly, we suggest that the triphenyl core is connected by the CN-Cu-NC bridge although the Cu adatom is not resolved in this image. In addition, two rows of head-to-tail aligned triphenyl cores are spaced by the distance of 1.35 ± 0.1 nm (white arrow in Besides, 10% of C 9 , 36.9% of C 15 , 18.6% of C 18 and 5.4% of C 21 were observed on the surface. These types of alkyl chains are not strictly multiplied by the length of C 12 .

BMDB-C 12 on Cu(111)

The structure of BMDB-C 12 molecule is analogue to CDB-C 12 , the difference is that the triphenyl core of BMDB-C 12 molecule ended with the bromomethyl moiety. After the deposition of BMDB-C 12 molecules (418 K, 5 mins) on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] held at 300 K, we then characterized the surface by STM at 110 K. The left panel of Figure 4.29 displays the large scale STM image. Surprisingly this time only alkyl chain islands were observed on the surface. Thanks to the high-resolution STM image in the right panel of Figure 4.29, we are able to measure the length of alkyl chains. In the red rectangle domain, the lengths of alkyl chains vary from 1.2 nm to 3 nm, which is similar to the case of CDB-C 12 /Cu(111).

Mechanism of the tandem reaction

Among all the performed experiences: CDB-OC 10 on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], CDB-OC 3 on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], CDB-C 12 on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], BMDB-C 12 on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], CDB-OC 10 on HOPG and CDB-OC 3 on Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], the common point is that longer alkyl chains could always be visualized on surfaces by STM, as shown by the statistical analysis in Figure 4.30. Most of the observed alkyl chains correspond to the multiplied (n= 1,2,3,...) length of the corresponding monomer, which is defined by the total length of alkyl chains grafting on the triphenyl cores. It implies a two-step reaction: i) the activation of C-O bond for the alkylarylether molecules or the 2), and the production of cyanophenol and methane from (3) to [START_REF] Zheludev | Phase Matched Second Harmonic Generation from Nanostructured Metallic Surfaces[END_REF]. The 'S' refers to solvent. [START_REF] Koppang | Carbon-Oxygen Bond Cleavage Reactions by Electron Transfer. 1. Electrochemical Studies on the Formation and Subsequent Reaction Pathways of Cyanoanisole Radical Anions[END_REF] activation of C-C bond for the two molecules without oxygen atom; ii) the oligomerization of the generated alkyl chain species.

First step: Activation of C-O bond or C(aryl)-C(alkyl) bond i) Activation of C-O bond

The mechanism of activation of C-O bond in alkylarylether molecules has been deeply investigated in solution and very recently described by Yang et al. on noble metal surfaces [START_REF] Yang | Catalytic Dealkylation of Ethers to Alcohols on Metal Surfaces[END_REF]. On surface, Yang et al. suggested that the dealkylation process is based on a thermalinduced and surface-assisted prototropy of a hydrogen atom from the alkyl chain to the oxygen atom of the ether group based on their experimental results and DFT calculations. They declaimed that this process could generally take place on noble metallic surfaces such as Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], Ag [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]. The required annealing temperature for the activation of C-O bond follows the order Au(111) > Ag(111) > Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], depending on the catalytic ability of the metallic surfaces. In solution, the dealkylation of ethers is catalyzed either by an acid (Lewis or Brönstedt [START_REF] Weissman | Recent Advances in Ether Dealkylation[END_REF]) or by organometallic complexes (oxidative addition [START_REF] Tobisu | Cross-Couplings Using Aryl Ethers via C-O Bond Activation Enabled by Nickel Catalysts[END_REF]). Bartak et al. reported another example of C-O cleavage of alkylarylether molecule by using the electrochemical way [START_REF] Koppang | Carbon-Oxygen Bond Cleavage Reactions by Electron Transfer. 1. Electrochemical Studies on the Formation and Subsequent Reaction Pathways of Cyanoanisole Radical Anions[END_REF]. The cyclic voltammetry results reveal that p-cyanoanisole was reduced to its radical anion at potential condition of -2.51 V (Figure 4.31). And the products of electrolysis at -2.6 V were p-cyanophenol and methane. The corresponding reaction pathway is proposed in Figure 4.31. The initialization of reaction is based on transfer of an electron (1) so as to form a stable radical anion which participates in the dissociation of C-O bond [START_REF] Bardeen | The Transistor, a Semi-Conductor Triode[END_REF]. The stability of the radical anion is explained by the electron-withdrawing ability of the cyano groups. The steps (3) to (5) relate to the generation of cyanophenol and methane.

For our cases, mechanism of C-O cleavage based on the thermal-assisted prototropy is not applicable due to the fact that the dealkylation process takes place even at low temperature (110 K). We can also eliminate the mechanisms based on a catalyst because no external catalytic species were introduced on the surface. Catalytic property of metallic surfaces [Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]] is not the dominant factor of the C-O activation because on non-catalytic surface (HOPG) the C-O bond could also be activated. In contrast, the injection of an electron from the STM probe tip (or sample) to a molecule in a tunnel junction is a wellknown process [START_REF] Hla | Inducing All Steps of a Chemical Reaction with the Scanning Tunneling Microscope Tip: Towards Single Molecule Engineering[END_REF]. In an inelastic-electron tunneling (IET) process, low-energy tunneling electrons could be injected into the molecule through an adsorbate-induced resonance state by positioning the tip above the target. In an IET process, one could adjust the applied bias to control the maximum tunneling-electron energy. The dissociation of the molecule occurs if the transfer-energy is higher than the dissociation barrier (details of IET, see chapter 1, page [START_REF] Hunter | The Nature of. pi.-. pi. Interactions[END_REF]. In order to support the hypothesis that the dissociation of arylalkylether molecules is governed by an IET process, we have collaborated with Marie-Laure Bocquet from ENS Ulm in Paris. The local density of states of arylalkylether molecules (CDB-OC 10 , PDB-OC 10 , BMDB-OC 10 )/solid surface interface were investigated by DFT calculations. The initial calculations deal with the case of CDB-OC 3 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] interface in order to reduce the time of calculation. The simulation shows that at the energy level of 0.8 eV relative to Fermi level, the LUMO of a CDB-OC 3 molecule locates at the center of the triphenyl core (see Figure 4.33). These are in perfect agreement with the IET process that an electron could be injected into the LUMO of the CDB-OC 3 molecule. The radical-anion intermediate (Figure 4.32 a) is then generated and stabilized thanks to the electron-withdrawing effect of the cyano moieties. This electron-withdrawing effect also exists when substituting the cyano moieties to pyridyl (PDB-OC 10 ) and bromomethyl moieties (BMDB-OC 10 ). Analogue to the electrochemical reduction performed in solution, the generated radical-anion is involved in the dissociative process of the C-O bond, producing a phenolato anion and an alkyl radical (Figure 4.32 b). The proposed mechanism of C-O cleavage is in good agreement with the experiment results that i) the reaction takes place only over the scanning area and ii) a threshold bias voltage is required to activate the C-O bond. Our results are also consistent with the XPS data of Chi et al [START_REF] Yang | Catalytic Dealkylation of Ethers to Alcohols on Metal Surfaces[END_REF] that C-OH bond was discovered in their spectra after the dealkylation process. 

Second step: Polymerization of radical alkyls

On the one hand, C-O bond activation or C-C bond activation by IET process leads to the formation of phenolato anions, which underwent a desorption process in the experimental conditions, presumably due to their weak interactions with the substrate. This could explain why they are rarely observed on surfaces after the scissor reaction of C-O or C-C. The most remarkable case is the BMDB-C 12 molecule/Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] where we never found any phenolato compounds on surfaces.

On the other hand, radical alkyls are generated by the IET process. It can be considered as the initiation step of the radical alkyl polymerization. The increased length of alkane molecules follows the propagation step of a radical polymerization (monomer, dimer, trimer etc. in Figure 4.34 a). In contrast to polymerization in solution, radicals have to overcome the diffusion barrier on the surface in order to associate with others. The diffusion barrier relies on alkane/surface interactions, which is directly related to the length of alkane molecules. The shorter the radical alkyl is, the lower the diffusion barrier will be. Moreover in a chain-radical polymerization, the short radicals are more reactive than the long ones due to their better stability. This explains why we rarely observed the monomer radical alkyl chains. These statements are also supported by the comparison results between CDB-OC 10 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and CDB-OC 3 /Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF]. For the CDB-OC 10 molecule containing 10 carbon atoms in the alkyl chain, the mostly observed oligomer on the Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface is trimer while for the CDB-OC 3 containing only 3 carbon atoms in the alkyl chain we observed mostly hexamer and heptamer. When the alkane molecules are long enough, the alkane/radicals interactions increase to stabilize alkyl chains on surfaces, therefore more difficult for further polymerization. This is why the maximum length of the observed polymer alkyl chains are less than 7 nm. Three possible cases are proposed for the termination of polymerization process (Figure 4.34 b). The first case is represented by the combination of radicals with hydrogen, since hydrogen could be fed by the UHV chamber (the residual pressure 10 -11 mbar is constituted by hydrogen). The combination between two radicals or by disproportion (second and third cases in Figure 4.34 b) also contributes to the termination of polymerization. Compared to the first case, the second and third cases are more favorable because of the difficulty to capture hydrogen on surfaces from UHV chamber with an extremely low pressure. The summary of the whole tandem reaction process is shown in Figure 4.35, from the injection of electron by IET process leading to the generation of radical-anion (A,B), to the C-O cleavage (C) and finally the polymerization of the generated radical chain species (D1 for monomer, D2 for dimer, D3 for trimer, etc.) These propositions are in good agreement with the statistical analysis of the size distribution of alkanes adsorbed on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface.

The reported on surface polymerizations (discussed in chapter 1) are all based on stepgrowth polymerization by using bi-functional groups as monomers. Here we explored the first-example of on surface chain-growth polymerization via the tandem synthetic method. The polymerization begins with the generation of free radicals with high reactivity, which is triggered electronically by using the STM probe tip. The advantage of on surface synthesis under ultra high vacuum environment is that the unstable intermediates could 'live' with the absence of contaminants. Then linear polymers were formed on surfaces due to the unique space confinement. In addition, the 'switch on' of the reaction could be controlled with an atomic precision under exceptionally mild conditions. The realization of supramolecular networks on surfaces has great meanings in material sciences and nanotechnology. The successful engineering of such nanoarchitectures under UHV requires rational design of molecular building blocks and suitable selection of substrate so as to achieve a subtle balance between molecule/substrate and molecule/molecule interactions. I have presented in the first part of my thesis the behavior of two organic molecules (NBr and NN) on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and Si(111)-B surfaces. The NBr molecule is constituted by two distinct terminates (a bromophenyl moiety and a pyridyl moiety) connected to a central benzene ring, while the NN molecule possesses two pyridyl moieties as terminates. The DBT molecule possesses two bromophenyl moieties as terminates and has been previously investigated on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] [START_REF] Wang | Single-Molecule Resolution of an Organometallic Intermediate in a Surface-Supported Ullmann Coupling Reaction[END_REF] and on Si(111)-B surfaces [START_REF] Makoudi | Supramolecular Self-Assembly of Brominated Molecules on a Silicon Surface[END_REF].

On the Cu(111) surface, dehalogenated process is favored due to the catalytic effect of surface at room temperature, which prevents the formation of halogen-bonded nanoarchitectures. The deposition of the heterostructural NBr molecule on the Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface leads to the formation of the linear structure driven by three types of metal-organic coordinations (N-Cu-N, C-Cu-C, N-Cu-C). While for the symmetric cases, the main contributions to the linear self-assemblies formed by DBT/Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] [START_REF] Wang | Single-Molecule Resolution of an Organometallic Intermediate in a Surface-Supported Ullmann Coupling Reaction[END_REF] and NN/Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] are respectively C-Cu-C and N-Cu-N. The simulation results exhibit that all the three coordination conformations are energetically favorable and the calculated STM image are in perfect agreement with our experimental results. The adsorption of the by products (Br atoms) on Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface (for the case of DBT and NBr) near the coordinated nanolines seems to be an important factor for the production of rectilinear networks. While for the case of NN/Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], with the absence of Br atoms, the linear network exhibits a higher flexibility. After the further thermal annealing process of NBr/Cu(111) at 533 K during 10 minutes, the linear nanostructure was then transformed into robust disordered structures (even stable at 713 K) constituted by pyridine-(Ph 4 )-pyridine dimers resulting from the partial release of Cu atoms (C-Cu-C) towards the C-C coupling. The configuration N-Cu-N is temperature resistant and the desorption process of NN molecules takes place at 525 K.

On the Si(111)-B surface the deposition of the NBr and NN molecules leads to the formation of 2D (small islands) and 1D supramolecular networks which are stable at room temperature. Compared to the extended 2D network formed by DBT/Si(111)-B, we could conclude that the presence of N atom at the extremity of the molecule strongly increases the molecule-surface interactions while the presence of bromine atom within the molecular unit contributes to weaken the molecule-surface interactions and to improve molecule-molecule interactions. The geometry of networks can be tuned by exploiting the complementarity between molecule-molecule interactions and molecule-surface interactions. We have identified the pivotal role of the nitrogen atom of pyridine units in halogen bonding to force the formation of 1D or 2D supramolecular networks on Si(111)-B surface thanks to the combination of experimental and of calculated STM images.

The bi-component organic networks have also been investigated via the co-adsorption of DBT and NN molecules on Si(111)-B. NN molecules interact strongly with the surface via the selective N-surface bonding and favors the formation of nanolines. DBT molecules appear in the form of stripes. Up to four DBT stripes confined between two nanolines have been discovered, depending on the the distance between two NN nanolines and the coverage of DBT molecules. The proposed structural model suggests that parallel arranged DBT stripes are dominated by halogen-halogen interactions of type I, while halogen bond of type II contributes mainly to two neighboring stripes where DBT molecules are rotated by an angle of 120 • .

On-surface radical polymerization

In the second stage of my thesis, We explored the first-example of on surface radical polymerization via the tandem synthetic method. By now the reported examples of on surface polymerization are all based on step-growth polymerization by using bi-functional groups as monomers. For this end, we investigated the behavior of four arylalkylether molecules (CDB-OC 10 , PDB-OC 10 , BMDB-OC 10 , CDB-OC 3 ) and two arylalkane molecules (CDB-5.3 Perspectives 123 C 12 , BMDB-C 12 ). All these molecules are made up of aromatic cores connected by alkoxy or alkyl chains. The deposition of the six molecules under UHV onto Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface leads to the formation of supramolecular networks with distinct geometries. We found that the dealkylation reaction could take place if the adsorbed molecules were triggered electronically with appropriate tunneling parameters (bias voltage) by using the STM probe tip. By this mean free and stable radicals were generated, providing the prerequisite condition for the further on surface radical polymerization process. By reducing the length of the alkyl chain from C 10 (the CDB-OC 10 molecule) to C 3 (the CDB-OC 3 molecule), the maximum alkane polymers evolves from 4 monomers to 12 monomers. This tandem synthetic method is a general process which is also applicable for molecules with distinct terminates (pyridine moiety of the PDB-OC 10 molecule and bromophenyl moiety of the BMDB-OC 10 molecule). The CDB-OC 10 /HOPG and CDB-OC 3 /Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] have also been investigated to understand the catalytic role of surfaces. On less catalytic (Au) and non catalytic (HOPG) surfaces, alkane polymers could always be observed, indicating clearly that the reaction is not surface catalytic mediated. We have also proposed the corresponding reaction mechanism that the initialization of reaction is based on the generation of radical-anions by inelastic electron tunneling (IET) process. The proposed mechanism is in perfect agreement with our experimental results and is strongly supported by the DFT calculations.

Perspectives

The systematical investigations of NBr and NN molecules on Si(111)-B highlighted the role of surfaces as well as the terminate effect to the formation of molecular networks with distinct geometries. This work could be extended for the formation of robust and polyfunctional organic networks adsorbed on the Si(111)-B surface, via the suitable configuration of terminates. We have also tested the transformation of supramolecular networks towards the formation of covalent bonds between molecules on Si(111)-B. The thermal annealing of NBr/Si(111)-B leads to the desorption of molecules instead of the expected dehalogenation process possibly due to the lack of catalyst. Hence, relatively milder external stimulation such as UV irradiation or STM probe tip would be a promising way to trigger on surface covalent bond formation especially on Si(111)-B in the next step. For example, the research on the synthesize of graphene nanoribbons (GNR) on Si(111)-B is planned by the rupture of carbon-halogen bond using UV laser.

The on surface synthetic method provide the atomic precision to control the 'switch on' of the reaction under exceptionally mild conditions. Our study opens the way for on surface radical polymerization and could be further developed. For example: i) Experiments of Low Electron Energy diffraction (LEED) study of the arylalkylether or arylalkane molecules/surface interface are conceived for the improvement of the production yields of the alkane polymers; ii) STM or AFM study of this tandem reaction at ambient environment (atmospheric pressure); iii) The study of the reaction at even lower temperature (5 K) is also worth testing since the intermediate state (generated radicals) might be more stable at this condition; iv) QPlus AFM study of the reaction under ultra high vacuum to avoid the injection of tunneling electrons by STM; v) The manipulation under the flux of hydrogen atoms for a deep understanding of the terminal reaction of polymerization.
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 11 Fig. 1.1 Illustration of a single molecule attached to metallic electrodes as a basic component in single molecule electronic devices. Figure taken from [9].
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 1 Fig. 1.2 a) Chemical structure of the decadehydrotetrabenzo(12)annuleno(12)annulene (bisDBA) molecule. b) Close-packed network of the bisDBA molecule at the 1,2,4trichlorobenzene (TCB)/HOPG interface. c) Molecular model of the close-packed network. Figures taken from [13].

Fig. 1 . 3

 13 Fig. 1.3 Three orientations of the aromatic-aromatic interactions: a) Face-to-face; b) Tshaped and c) Parallel displaced conformations.

  .4 b). The vertices and the straight edges of the network correspond respectively to the threefold melamine molecule and the PTCDI molecule. The corresponding structural model is proposed (Figure 1.4 c), based on the PTCDI-melamine junction (Figure 1.4 a) which is stabilized by nine hydrogen bonds N-H• • • O or N-H• • • O.

Fig. 1 .

 1 Fig. 1.4 a) Structure of the perylene tetra-carboxylic di-imide (PTCDI) molecule, the 1,3,5triazine-2,4,6-triamine (melamine) molecule and the PTCDI-melamine junction. Dotted lines represent the hydrogen bonds between the molecules. b) STM image of a PTCDI-melamine network, scale bar, 3 nm. c) Structural model for the network. Figures taken from [22].

Fig. 1 .

 1 Fig. 1.5 a) Scheme for the formation of halogen bonds. b) Schematic representation of the anisotropic distribution of the electron density around covalently bond halogen atoms. c-d) Halogen• • • halogen interactions of type I (c) and of type II (d), only the type II is considered as a true halogen bond. Figure (b) taken from [10].

Fig. 1 .

 1 Fig. 1.6 a) Schematic presentation of bicomponent self-assembly via tritopic XB acceptor 3N and XB donor 3F3I, leading to the formation of a 3N+3F3I honeycomb structure. b) Large-scale STM image of the 3N+3F3I honeycomb structure. c) Structural model of the 3N+3F3I honeycomb structure XBs are highlighted by yellow dashed lines. d) Schematic presentation of the formation of 3N+4F2I porous network. e) High-resolution STM image of the 3N+4F2I porous structure. f) Structural model of the 3N+4F2I porous structure, Hydrogen bonds and XB bonds are highlighted respectively in blue and yellow. Figures taken from [44].

  Fig. 1.7 a) Chemical structures of the fully fluoro-substituted phenyleneethynylenes molecule (BPEPE-F18). b) High resolution AFM image of self-assembled BPEPE-F18 molecules on Ag(111), image taken at 4.8 K. c) Magnified image of the white square area in b) with a superimposed stick-and-ball drawing of the molecules. Figures taken from [59].

  Fig. 1.8 a) Chemical structures of the 4,4"'-dibromo-1,1':3',1":4",1"'-quaterphenyl (B4PB) molecule. b) The observed B4PB molecular sierpiński triangle fractals (ST), upper and lower parts represent respectively the simplified models and the corresponding STM images. c) High-resolution STM images showing the enantiomers of the STs, Scale bar = 2 nm. d) Corresponding structural models in c). Figures taken from [27].
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 1 Fig. 1.9 a) Corey-Pauling-Koltum (CPK) structure of the 1,3,5-tri(4'-bromophenyl)benzene (TBB) molecule. Hydrogen in white, brome in red and carbon in light blue. b) STM image of the TBB/Si(111)-B network superimposed by the structural model, the tiny white dots correspond to the Si ad-atom. Figures taken from [60].

  Fig. 1.9 a) Corey-Pauling-Koltum (CPK) structure of the 1,3,5-tri(4'-bromophenyl)benzene (TBB) molecule. Hydrogen in white, brome in red and carbon in light blue. b) STM image of the TBB/Si(111)-B network superimposed by the structural model, the tiny white dots correspond to the Si ad-atom. Figures taken from [60].
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 1 Fig. 1.10 a) CPK structure of the para-quaterphenyl-dicarbonitrile (qdc) molecule. Carbon in blue; Nitrogen in brown; Hydrogen in white. b) Large-scale STM image of the quasicrystalline metal-organic coordination networks on Au(111) by depositing Eu and qdc species at about 2:5 stoichiometric ratio, scale bar = 10 nm, The inset image shows the 12-fold symmetric 2D-FFT. Scale bar, 0.84 nm -1 . c) The incorporated dodecagonal motifs with a 30 • rotational symmetry, different colours of squares and triangles represent distinct orientations with respect to the underlying surface. d-g) Left panel: Distinct metal-organic coordination network motifs observed in b): with six-fold (3.3.3.3.3.3), five-fold (3.3.4.3.4 or 3.3.3.4.4) and four-fold (4.4.4.4) coordination. Right panel: The corresponding structural models. Figures taken from [30].

  Fig. 1.10 a) CPK structure of the para-quaterphenyl-dicarbonitrile (qdc) molecule. Carbon in blue; Nitrogen in brown; Hydrogen in white. b) Large-scale STM image of the quasicrystalline metal-organic coordination networks on Au(111) by depositing Eu and qdc species at about 2:5 stoichiometric ratio, scale bar = 10 nm, The inset image shows the 12-fold symmetric 2D-FFT. Scale bar, 0.84 nm -1 . c) The incorporated dodecagonal motifs with a 30 • rotational symmetry, different colours of squares and triangles represent distinct orientations with respect to the underlying surface. d-g) Left panel: Distinct metal-organic coordination network motifs observed in b): with six-fold (3.3.3.3.3.3), five-fold (3.3.4.3.4 or 3.3.3.4.4) and four-fold (4.4.4.4) coordination. Right panel: The corresponding structural models. Figures taken from [30].
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 1 Fig. 1.11 a) CPK structure of the NC-Ph 5 -CN molecule. Carbon in light blue, hydrogen in gray and Nitrogen in cyan. b) STM image showing a Cu(111) terrace covered by the (NC-Ph 5 -CN) 3 Cu 2 honeycomb lattice. c) Close-up view of image b) superimposed with the corresponding model. Figures taken from [73].

Fig. 1 .

 1 Fig. 1.12 a) chemical structure (left) of the 10,10'-dibromo-9,9'-bianthryl monomer (DBBA) and the dehalogenation process (right). b) STM image (right panel) and the corresponding model (left panel) of the linear polymers via covalent linkage of the dehalogenated intermediates (Ullmann coupling) after annealing the sample at 473K. c) STM image (right panel) and the model (left panel) of GNRs via cyclodehydrogenation of the linear polymer after a further annealing at 673 K. Figures taken from [77].

  Fig. 1.13 a-c) Before UV irradiation: a) CKP structure of the 4-bromo-4'-hydroxybiphenyl molecule. Carbon in grey, Hydrogen in white, for Bromine in ochre, and Oxygen in red. b-c) STM image showing the square-like architecture (b) and the proposed structural model (c) of the molecular assembly on Ag(111). d-f) After UV laser (266 nm) irradiation for 10 mins at 80 K: d) CPK structure of the generated biphenyl biradicals. e) STM image showing the hexagonal nanopores and the corresponding molecular model in (f). g-h) Annealing the sample at RT for 1 hour: g) CPK structure indicating the C-C coupling between the biradicals. h) STM image displaying linear polymers superimposed by the molecular model. Figures taken from [104].

  Fig. 1.13 a-c) Before UV irradiation: a) CKP structure of the 4-bromo-4'-hydroxybiphenyl molecule. Carbon in grey, Hydrogen in white, for Bromine in ochre, and Oxygen in red. b-c) STM image showing the square-like architecture (b) and the proposed structural model (c) of the molecular assembly on Ag(111). d-f) After UV laser (266 nm) irradiation for 10 mins at 80 K: d) CPK structure of the generated biphenyl biradicals. e) STM image showing the hexagonal nanopores and the corresponding molecular model in (f). g-h) Annealing the sample at RT for 1 hour: g) CPK structure indicating the C-C coupling between the biradicals. h) STM image displaying linear polymers superimposed by the molecular model. Figures taken from [104].
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 1 Fig. 1.14 Schematic presentation of electron injection in an inelastic-electron tunneling (IET) process.

Fig. 1 .

 1 Fig. 1.15 STM images showing the successive steps of tip-induced Ullmann reaction. a) Adsorption of two iodobenzene molecules at a Cu(111) step edge. b-c) Two iodine atoms are abstracted from both molecules. d) Separation of iodine atoms (small protrusions) from phenyl molecules (large protrusions). e-f) Two phenyl molecules are brought close to each other for their association. Figures taken from [110].

  Fig. 1.15 STM images showing the successive steps of tip-induced Ullmann reaction. a) Adsorption of two iodobenzene molecules at a Cu(111) step edge. b-c) Two iodine atoms are abstracted from both molecules. d) Separation of iodine atoms (small protrusions) from phenyl molecules (large protrusions). e-f) Two phenyl molecules are brought close to each other for their association. Figures taken from [110].

  Fig. 1.16 STM images and diagrams showing the process of the initiation and termination of linear chain polymerization with an STM tip. a) STM image of the original monomolecular layer of 10,12-nonacosadiynoic acid on a graphite surface. b) Creation of an artificial defect. c-e) Polymerization initiated at the point indicated by arrow (1), (2) and (3) using an STM tip, and terminated at the artificial defect. f-i) Schematic representation from the creation of an artificial defect (f-g) to the initiation of chain polymerization with STM tip and the termination at the artificial defect (h-i). Figures taken from[START_REF] Okawa | Materials Science: Nanoscale Control of Chain Polymerization[END_REF].
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 21 Fig. 2.1 Modeling of tunneling effect in the unidimensional case: an electron with energy E propagate from left to right, crossing through the rectangular barrier potential with the value of V 0 and the width of d. ψ 1 , ψ 2 and ψ 3 represent respectively the wave function of the electron in three regions: Region 1 at the left side of the barrier (x < 0), Region 2 in the middle of the barrier (0 < x < d) and Region 3 at the right side of the barrier: (x > d).
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 22 Fig. 2.2 Principle of scanning tunneling microscope. Figure taken from [118].
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 23 Fig. 2.3 Schematic of metal-vacuum-metal tunneling junction, a) positive (b: negative) bias voltage is applied to the sample. Electrons tunnel from the filled states of the tip (sample) into the empty states of the sample (tip).

Fig. 2 . 4

 24 Fig. 2.4 Schematic of STM tip geometry : radius R, center ⃗ ro, tip-sample distance d.

Figures 2 .

 2 Figures 2.5 a and b show the local density of states of two distinct atoms (blue and yellow) with respect to the applied bias voltage. For an applied bias voltage V 1 , there is no apparent difference of contrast between blue and yellow atoms in the STM image. It means

Fig. 2 .

 2 Fig. 2.5 a-b) Spectroscopic effect : At V 1 , blue atoms and yellow atoms appear with no contrast difference in STM images; While at V 2 , yellow atoms appear to be darker than blue atoms in STM images. c-d) Pathway of the probe on a surface with c) uniform density states and d) nonuniform density states, two yellow atoms are darker than others on STM images.

Fig. 2 . 6

 26 Fig. 2.6 Photo of VT-UHV-STM device : a) Main elements of the system including the fast airlock system, the preparation chamber 1 and the characterization chamber 2. b) Side view of the head of STM.

Fig. 2 .

 2 Fig. 2.7 a) Photo of a Si(111)-B sample when flashing at 1400 K. b-c) Structural model of the reconstructed Si(111)-B. b) Top view of the surface with silicon adatoms (blue and white circles) and boron atoms (yellow circles), the element lattice of primitive Si(111) is defined by a green rhombus on the top right part of image, marked as 1 × 1 with a lattice constant of 0.384 nm, while the yellow rhombus marked √ 3 × √ 3 defines the element lattice of reconstructed Si(111)-B with a lattice constant of 0.665 nm. c) Side view showing the substitution position of boron atoms (site S5) underneath the site T4 of the first layer silicon adatoms.

  Fig. 2.8 a) STM image of Si(111)-B √ 3 × √ 3R30 • with a maximum doping (about 0.33 monolayer), 8.7 × 8.7 nm 2 , I t = 50 pA, V s = 1.5 V. b) Differential-conductance spectroscopy dI/dV performed at 5 K, DB, CB and VB refers to the localized dangling-bond state, the conduction and valence bonds. The I(V) curve is presented by the insert image. Figures taken from [127].

Figure 2 .

 2 8 b). The dI/dV spectrum (red curve 1) at the point 1 demonstrates that the reconstructed Si(111)-B surface possessed a gap of 1.3 eV between the Valence Bonds (VB) and the Conduction Bonds (CB). The presence of a strong peak (black arrow) positioned 0.4 eV above the bottom of CB is due to charge transfer from Si to B. While spectrum (black curve 2) on the point 2 exhibits a visible peak in the band gap region with an energy of 0.6 eV, relating to the non resonant Dangling Bonds (DB). The advantage of using a Si(111) √ 3 × √ 3-B surface is that the local density of states of adsorbate could be decoupled from the substrate due to the existence of the surface gap which didn't exist on frequently investigated metallic surfaces.

2. 2 . 3

 23 Fig. 2.9 a) Diagram of ion source showing the principle of operation. b) Side view of Ion Source. c) Cu(111) sample in the vacuum 4 ×10 -6 mbar. d) Ion Source Control Unit.

Fig. 2 .

 2 Fig. 2.10 a) High-resolution STM image of reconstructed Cu(111) [130], I t = 50 pA, V s = 0.1 V. b) STM image of reconstructed Au[START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] showing herringbone structures[START_REF] Blüm | Supramolecular Assembly, Chirality, and Electronic Properties of Rubrene Studied by STM and STS[END_REF] with alternated fcc and hcp domains, I t = 0.2 nA, V s = -0.7 V. c) Atomic resolution STM image of Au(111), I t = 1.3 nA, V s = -0.02 V.

  direction (Figure 2.10 c). The formation of 23 × √ 3 structure is due to the occupation of 22 bulk sites by 23 gold atoms, thus alternated fcc and hcp structures are created (Figure 2.10 b).

Fig. 2 .

 2 Fig. 2.11 a) Etching power supply. b) W filament micro welded to the tip holder. c) A sharp-shaped STM tip via etching.

Figure 2 .

 2 Figure 2.11 a exhibits our etching power supply that could automatically realize the etching process. The tip is mounted to tip holder via micro welding (Figure 2.11 b). The following reduction-oxidation reaction was induced by applying a direct-current (DC) between the W tungsten (Anode) and a ring-shaped stainless steel (Cathode). The tip should be immerse into caustic soda solution (2 mol/L of NaOH in deionized water).

Fig. 2 .

 2 Fig. 2.12 Illustration of the drop-off method. a) Shows the formation of the meniscus. b) to e) Illustrate the flow of WO 2- 4 towards the lower end of the wire, the formation of a dense layer of WO 3 around the bottom of the wire and the necking phenomenon in the meniscus. In f), the lower part breaks off: the drop-off has occurred. Figure taken from [135].

Fig. 2 .

 2 Fig. 2.13 UHV Evaporator of organic molecules: a) Global view of device. b) Crucibles in quartz filled by molecules. c) Top view of three crucibles in quartz mounted in the evaporator. d) Shutter for the control of the open and close of each crucible. e) Electronics control unit.

Fig. 3 . 1

 31 Fig. 3.1 CPK structure of a) the 4,4"-dibromo-p-terphenyl (DBT) molecule. b) the 4-(4"-bromophenyl)-(4'-pyridine) (NBr) molecule. c) the 1,4-di(4',4"-pyridyl)benzene (NN) molecule (yellow: C atoms; white: H atoms; blue: N atoms; red: bromine atoms).

Fig. 3 .

 3 Fig. 3.2 a) Scheme of copper surface-supported Ullmann Coupling reaction of DBT molecule. b) STM image of the as-prepared sample stabilized at 77 K (6 × 5 nm 2 , I t = 0.2 nA, V s = 1.0 V) superimposed with the molecular structural model, Br atom in red. c) STM image of the sample annealed to 300 K (8 × 4 nm 2 , I t = 0.5 nA, V s = -1 V). d) STM image of the sample annealed to 473 K (8 × 4 nm 2 , I t = 0.5 nA, V s = -1 V). Figures taken from [29].

  Fig. 3.2 a) Scheme of copper surface-supported Ullmann Coupling reaction of DBT molecule. b) STM image of the as-prepared sample stabilized at 77 K (6 × 5 nm 2 , I t = 0.2 nA, V s = 1.0 V) superimposed with the molecular structural model, Br atom in red. c) STM image of the sample annealed to 300 K (8 × 4 nm 2 , I t = 0.5 nA, V s = -1 V). d) STM image of the sample annealed to 473 K (8 × 4 nm 2 , I t = 0.5 nA, V s = -1 V). Figures taken from [29].

Fig. 3 . 3

 33 Fig. 3.3 STM image after the deposition of 0.8 monolayer NBr molecules on Cu(111) held at 300 K, the white arrow indicates the diffusion nanoline and two white circles indicate the curved lines. (30 × 30 nm 2 , I t = 1.05 nA, V s = -2.4 V, T = 110 K)

Fig. 3 .

 3 Fig. 3.4 a) Upper part: High-resolution STM image of NBr molecules on Cu(111) held at 300 K. (20 × 12 nm 2 , I t = 1.05 nA, V s = -2.4 V, T = 110 K), profile along the center of a nanoline is shown in the lower part. b-d) The peak-to-peak valley width at the position indicated by the blue, red and gray arrows.

  Fig. 3.5 a) Simulation STM according to Figure 3.4, superimposed by the structural model, spheres represent Cu adatoms, blue colored side of a molecule refers to the pyridyl ending group. b-d) Energy gain for the formation of C-Cu-C, N-Cu-N and C-Cu-N.

Fig. 3 .

 3 Fig. 3.6 a) STM image after annealing at 533 K (50 × 50 nm 2 , I t = 1.02 nA, V s = -2 V, T = 110 K); two different zones Z 1 and Z 2 are highlighted in b) and c). d) and e) correspond to the structural model of b) and c).

Fig. 3 .

 3 Fig. 3.7 a) STM image of the deposition NN/Cu(111) at 300 K (30 × 30 nm 2 , I t = 1.01 nA, V s = -1.9 V, T = 110 K). b) The simulation STM image superimposed by the structural model. c) Profile A; d) Nanostructure after annealing the sample at 525 K

  .1. (a: the NBr molecule and b: the NN molecule) The formation of supramolecular networks has been investigated by combining scanning tunneling microscopy under ultra-high vacuum (UHV-STM) and numerical calculations of STM images.

3. 2 . 2

 22 Non-compact 2D nanostructural islands: NBr/Si(111)-B After engineering successfully the supramolecular network stabilized by halogen bond Br• • • Br on Si(111)-B, one of our goals is trying to obtain a theoretically stronger halogenated network via Br• • • N. Therefore, we studied the heterostructural molecule NBr on the Si(111)-B surface.Figure 3.9 b corresponds to an experimental STM image of about 0.5 monolayer coverage of NBr deposited onto the Si(111)-B surface at room temperature under UHV condition and observed at 110 K.

Fig. 3 .

 3 Fig. 3.8 a) CPK structure of a 4,4"-dibromo-p-terphenyl (DBT) molecule (orange: carbon atoms, white: hydrogen atoms and red: bromine atoms). b) STM image of a step edge island of DBT/Si(111)-B. The molecular adsorption model is superimposed on the upper part of the image (10 × 10 nm 2 , I t = 10 pA, V s = + 1.7 V , T = 110 K). A DBT molecule is attributed to three red spots or to two blue spots, depending on its adsorption site. c) Aryl-Br• • • H distance and aryl-Br• • • Br-aryl distances between two DBT molecules in an elemental cell of DBT/Si(111)-B evaluated from experimental STM images. Figures taken from [62].

  Fig. 3.8 a) CPK structure of a 4,4"-dibromo-p-terphenyl (DBT) molecule (orange: carbon atoms, white: hydrogen atoms and red: bromine atoms). b) STM image of a step edge island of DBT/Si(111)-B. The molecular adsorption model is superimposed on the upper part of the image (10 × 10 nm 2 , I t = 10 pA, V s = + 1.7 V , T = 110 K). A DBT molecule is attributed to three red spots or to two blue spots, depending on its adsorption site. c) Aryl-Br• • • H distance and aryl-Br• • • Br-aryl distances between two DBT molecules in an elemental cell of DBT/Si(111)-B evaluated from experimental STM images. Figures taken from [62].

Fig. 3 .

 3 Fig. 3.9 a) CPK structure of a 4-(4"-bromophenyl)-(4'-pyridine) (NBr) molecule (red: bromine atom, yellow: carbon atoms; white: hydrogen atoms; blue: nitrogen atom). b) Large-scale STM image of NBr molecules on Si(111)-B surface at room temperature under UHV condition (78 × 78 nm 2 , I t = 20 pA, V s = -2.2 V, T = 110 K). Several small islands with different orientations are observed. The three principal directions of the molecular growth are indicated by the white arrows. (c) High resolution STM image (6 × 7 nm 2 , I t = 10 pA, V s = -1.6 V, T = 110 K) of a step edge island of NBr molecules on Si(111)-B surface (unit cell constant: | ⃗ h| = 1.27 nm,|⃗ v| = 2.09 nm). The surface lattice, determined by the vectors ⃗ α and ⃗ β with ( ⃗ α, ⃗ β ) = 60 • , is presented by the white dashed lines.

  )-B occupies the out-of-plane molecules conformation (15 • compared to the plane of the surface obtained by calculation). The angle between the central axis of the NBr molecule (blue line) and the Si(111)-B surface lattice ⃗ β measures 25 • ± 2 • . Based on our STM observations and measurements, supported by calculations with dyFlex-STM, we obtained an adsorption model of the "NBr/Si(111)-B" interface shown in Figure 3.10 a. Each pair of central phenyl groups are positioned between a pair of silicon adatoms in a bridge site. All the bromophenyl and pyridine groups are located in vicinity of a silicon adatom. The measured distance between the two nearest bromine atoms is 0.2 nm (see Figure 3.10 a). Starting from a configuration with flat anti-parallel NBr molecules on a fixed Si(111)-B surface, the optimized structures are shown in Figure 3.10 b, c and d. The dimer adopts a conformation that minimizes steric effects and favors aromatic overlap by slightly rotating the end cycles with an angle of about 35 • regarding the plane of the surface (see Figure 3.10 d).

Figure 3 .

 3 10 c illustrates the stereoisomerism of the dimer on the surface. The central cycle on each molecule is slightly tilted by ∼ 8 • from one to the other (not shown in the figure). The NBr molecules are rotated by an angle of 22

Fig. 3 .

 3 Fig. 3.10 a) Top view of the proposed molecular model, ⃗ h and ⃗ v indicate the unit cell of the rectangular network. b) The geometry of the NBr dimer toward the normal of the surface. c) The conformation of the NBr dimer adsorbed on a Si(111)-B surface, the top Si atoms of the surface are illustrated as gray spheres. d) Alternate view of the NBr dimer on the Si(111)-B surface. Comparison of e) STM calculation and f) experimental STM image (5.4 × 4.3 nm 2 , I t =10 pA, V s = 1.6 V, T = 110 K). The dashed-line features in experimental and calculated images represented the contribution of a single NBr-pair to the STM images.

Fig. 3 .

 3 Fig. 3.11 a) CPK structure of a 1,4-di(4',4"-pyridyl)benzene (NN) molecule (yellow: C atoms; white: H atoms; blue: N atoms). b) Large-scale STM image of NN molecules on Si(111)-B surface, distant nanolines are observed on the surface (120 × 120 nm 2 , I t = 10 pA, V s = -2.4 V, T = 110 K). The white arrows indicate three principal directions of molecular network.

Fig. 3 .

 3 Fig. 3.12 a) High-resolution STM image (15.8 × 15.8 nm 2 ; I t = 10 pA, V s = -1.5 V, T = 110 K) of NN nanolines on Si(111)-B surface. b) Zoom of Figure 3.12 a) superimposed with three NN molecular schemes. The surface lattice is presented by the white dashed lines, NN molecules are rotated by an angle of 10 • compared to the surface lattice ⃗ α.

Fig. 3 .

 3 Fig. 3.13 a) Geometry of NN molecules toward the normal of the surface. b) Alternate view of the NN molecules on the Si(111)-B surface. c) Calculated STM image based on the molecular model of Figure 3.13 a). d) Experimental STM image (6.2 × 3.8 nm 2 , I t = 10 pA, V s = 1.6 V, T = 110 K).

Fig. 3 .

 3 Fig. 3.14 Nanostructure domains obtained with a) DBT b) NBr and c) NN molecules on Si(111)-B surface.

[ 62 ]

 62 . Clearly, the presence of two bromine atoms (or the absence of nitrogen) within the molecular unit contributes to the weakening of the molecule-surface interactions and to the improvement of the molecule-molecule interactions, leading to the formation of an extended compact 2D network (see Figure3.14 a). The substitution of one Br atom by one N atom increases the molecule-surface interaction and decreases the molecule-molecule interaction leading to the formation of smaller 2D networks (see Figure3.14 b). Finally, the presence of N atoms at each extremity of the molecules strongly increases the molecule-surface interaction leading to the formation of isolated molecular nanolines (see Figure3.14 c). The comparison between the assembled networks obtained with NBr and NN species indicates that the dominating N-surface bonding is highly selective while the C-Br bonds are contributing to the stability of the systems through lateral interactions. This is supported by the estimated adsorption energies found for a single NBr and NN molecule on Si(111)-B that are 0.41 eV and 0.96 eV, respectively.

Fig. 3 .

 3 Fig. 3.15 STM image showing NN lines, white dashed line shows the direction of Si(111)-B lattice (50 × 50 nm 2 , I t = 10 pA, V s = -2.8 V, T = 110 K), the insert STM image is a zoom image showing the period within a NN line.

Fig. 3 .

 3 Fig. 3.16 High resolution STM image after depositing more DBT molecules. Black dashed line indicates main directions of the NN lines; zones marked as 1,2,3,4 represent different molecular structures. (50 × 50 nm 2 , I t = 10 pA, V s = -1.5 V, T = 110 K).

Fig. 3 .

 3 Fig. 3.17 STM image of near edge molecular network showing the "L/S" configuration. Three NN molecules were superimposed with the STM image for clarity. Black dashed pattern represent the unit pattern of a stripe, white intersection lines indicate the Si(111)-B lattice. (6 × 6 nm 2 , I t = 10 pA, V s = -1.5 V, T = 110 K)

Fig. 3 .

 3 Fig. 3.18 a) Top view of the structural model based on Figure 3.17, zigzag feature is indicated by the green dashed curve. b) Alternated view: black and yellow arrow indicate respectively the Br• • • H distance (0.23 nm), and Br• • • N distance (0.27 nm). c) The triangle formed by nitrogen, bromine and hydrogen atoms. d) Scheme of anisotropy charge distribution of C-Br.

  .18 b. Each NN molecule interacts with two neighboring DBT molecules: Br atom points either to the center aromatic cycle or to the extremity of NN molecule. Br• • • H and Br• • • N distances measure respectively 0.23 nm and 0.27 nm, underlined by black and yellow arrows. The triangle geometry formed

Fig. 3 .

 3 Fig. 3.19 a) High-resolution STM image showing the near edge of one stripe between two NN lines (10 × 10 nm 2 , I t = 10 pA, V s = -1.5 V, T = 110 K). b) Profile of black line A in figure 3.19 a.

3. 3 . 2 "

 32 L 1 /S 1 /L 2 ": One stripe between two NN lines

Figure 3 .

 3 Figure3.19 a shows the configuration "L 1 /S 1 /L 2 " where a DBT stripe is between two NN lines. The distance between two NN lines "L 1 -L 2 " is 2.31 nm, which is larger than the length of a DBT molecule (1.53 nm). The rod-like structure is rotated by 120 • , i.e, the ⃗ α direction of Si(111)-B (underlined by yellow arrows) with a length of 1.56 nm. All

Fig. 3 .

 3 Fig. 3.20 a) Adsorption model for figure 3.19 a. b) A close view of the junction S 1 and L 1 . c) A close view of the junction S 1 and L 2 .

Figure 3 .

 3 19 b displays the profile of line A at the center of the gap overlapping with the ⃗ β direction of Si(111)-B lattice. Alternated bright protrusions and faded protrusions along line A are periodically arranged (Period: 1.33 nm). The adsorption model is proposed in Figure 3.20 a. The distance between two NN lines is 2.3 nm. Each DBT molecule locates over three silicon adatoms (Figure 3.20 a). Two external cycles of a DBT molecule are parallel to the surface, favoring molecule-substrate interaction. DBT stripe S 1 is closer to nanoline L 1 (Figure 3.20 b) compared to L 2 owing to the short distance of Br• • • H (0.23 nm, black arrow) and Br• • • N (0.27 nm, yellow arrow) between S 1 and L 1 . The main molecule-molecule contributions between DBT molecule and NN molecule are the hydrogen bond and the electrostatic interaction of lone pairs pointing towards the positively polarized area of Br atom, while Br• • • H distance between S 1 and L 2 is longer (0.47 nm underlined by the black dashed arrow in Figure 3.20 c), suggesting a weaker vdW interaction.

Fig. 3 .

 3 Fig. 3.21 a) High-resolution STM image: Two stripes between two NN lines (7.6 × 7.6 nm 2 , I t = 10 pA, V s = -1.5 V, T = 110 K). b) Structural model. c-d) Close view of junction "L 1 /S 1 " and "S 1 /S 2 ". e) Scheme of halogen-halogen interactions of type I.

Fig. 3 .

 3 Fig. 3.22 a) Three stripes between two NN lines (10 × 10 nm 2 , I t = 10 pA, V s = -1.5 V, T = 110 K). b) Adsorption model based on Figure 3.22 a.c) Hydrogen bond at the junction "S 0 /L 1 " or "S 3 /L 2 ". d) Weaker interaction at the junction "L 1 /S 1 ". e) Pseudo halogen bond interaction type II at the junction "S 1 /S 2 ". f) Scheme of pseudo X-bond type II. g) Junction "S 2 /S 3 ". h) Scheme of halogen-halogen interactions of type I.

Fig. 3 .

 3 Fig. 3.23 a) Four stripes between two NN nanolines (10 × 10 nm 2 , I t = 10 pA, V s = -1.5 V, T = 110 K). b) Adsorption model based on Figure 3.23 a. c) Halogen-halogen interactions of type I at Junction S 1 S 2 or S 3 S 4 . d) Scheme of halogen-halogen interactions of type I. e) Pseudo X-bond type II at junction S 2 S 2 . f) Scheme of Pseudo X-bond type II.

Fig. 3 .

 3 Fig. 3.24 STM images for the summary of the depositions of DBT,NBr and NN molecules on Cu(111) and on Si(111)-B.

Fig. 4 .

 4 Fig. 4.1 a) Self-assembled structure after the initial adsorption of TDPB molecules on Au(111) substrate. The inset of left panel shows the structural model of TDPB. b) The DFT relaxed model. c-e) High resolution images of three kinds of islands after annealing at 413 K for 15 minutes. f-h) Structural models of the self-assembled structures shown in (c-e). Figures taken from [88].

  Fig. 4.1 a) Self-assembled structure after the initial adsorption of TDPB molecules on Au(111) substrate. The inset of left panel shows the structural model of TDPB. b) The DFT relaxed model. c-e) High resolution images of three kinds of islands after annealing at 413 K for 15 minutes. f-h) Structural models of the self-assembled structures shown in (c-e). Figures taken from [88].

Fig. 4 .

 4 Fig. 4.2 a) Chemical structure of a 1,4-di(4',4"-cyanophenyl)-2,5-bis(decyloxy)benzene (CDB-OC 10 ) molecule. b) The 1,4-di(4',4"-pyridyl)-2,5-bis(decyloxy)benzene (PDB-OC 10 ) molecule. c) The 1,4-di(4',4"-(bromomethyl)phenyl)-2,5-bis(decyloxy)benzene (BMDB-OC 10 ) molecule. d) The 1,4-di(4',4"-cyanophenyl)-2,5-bis(propoxy)benzene (CDB-OC 3 ) molecule. e) The 1,4-di(4',4"-cyanophenyl)-2,5-bis(dodecyl)benzene (CDB-C 12 ) molecule. f) The 1,4-di(4',4"-(bromomethyl)phenyl)-2,5-bis(dodecyl)benzene (BMDB-C 12 ) molecule.

  thesized four molecules with different ending groups or different alkoxy chains. The 1,4di(4',4"-cyanophenyl)-2,5-bis(decyloxy)benzene (CDB-OC 10 ) molecule (Figure 4.2 a), the 1,4-di(4',4"-pyridyl)-2,5-bis(decyloxy)benzene (PDB-OC 10 ) molecule (Figure 4.2 b), the 1,4-di(4',4"-(bromomethyl)phenyl)-2,5-bis(decyloxy)benzene (BMDB-OC 10 ) molecule (Figure 4.2 c) and the 1,4-di(4',4"-cyanophenyl)-2,5-bis(propoxy)benzene (CDB-OC 3 ) molecule (Figure 4.2 d). CDB-OC 10 , PDB-OC 10 and BMDB-OC 10 molecules contain different ending groups (-CN, -Pyridyl and -CH 2 Br) with the same alkoxy chains (-OC 10 ). CDB-OC 3 molecule is ended by cyanophenyl group (-CN), with shorter alkoxy chains (-OC 3 ). For the second part of this chapter, two alkylbenzene derivatives on Cu(111) will be discussed. Oxygen atom is not involved in the two molecules: the 1,4-di(4',4"cyanophenyl)-2,5-bis(dodecyl)benzene (CDB-C 12 ) molecule (Figure 4.2 e) and the 1,4di(4',4"-(bromomethyl)phenyl)-2,5-bis(dodecyl)benzene (BMDB-C 12 ) molecule (Figure 4.2 f). Based on our experimental results, we proposed a new mechanism of the C-O activation in alkylarylether molecules.

4. 2

 2 CDB-OC 10 molecules on Cu[START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and on HOPG 4.2.1 Molecular self-assembly of CDB-OC 10 molecules on Cu(111) The 1,4-di(4',4"-cyanophenyl)-2,5-bis(decyloxy)benzene (CDB-OC 10 ) molecule (Figure 4.3 a) consists of two lateral aliphatic chains with ten carbon atoms grafted on a triphenyl aromatic core ended by two cyano groups. The CDB-OC 10 molecule has a cross-like shape.

  surface held at 300 K, then characterized by STM at 110 K. The results were shown by STM images (Figure 4.3 b-c) with a 0.6 monolayer coverage. Two regular domains P1 and P2 coexist (Figure 4.3 b) on the Cu(111) surface. Among the two domains, the domain P2 refers to the most frequently observed configuration, as shown by the detect-free large scale STM image (Figure 4.3 c).

Fig. 4 .

 4 Fig. 4.3 a) CPK structure of a 1,4-di(4',4"-cyanophenyl)-2,5-bis(decyloxy)benzene (CDB-OC 10 ) molecule (white: hydrogen atoms, red: oxygen atoms, blue: nitrogen atoms; gray: carbon atoms), the length of a CDB-OC 10 molecule is 1.65 nm by 3.18 nm. b) Large scale STM image showing two different porous domains P1 and P2. (52 × 52 nm 2 , I t = 0.01 nA, V s = -1 V, T = 110 K). c) Defect-free domain P2 (100 × 100 nm 2 , I t = 1.01 nA, V s = -1 V, T = 110 K)

Fig. 4 .

 4 Fig. 4.5 a) High-resolution STM image showing the well-organized domain P2 (15 × 15 nm 2 , I t = 1.01 nA, V s = -1 V, T = 110 K), the insert image displays the cross-like pattern superimposed by the model of a CDB-OC 10 molecule. b) Profile 1: red and blue squares correspond to the marked sites of white line "1" in (a). c) Profile 2: red and blue circles correspond to the marked sites of white line "2" in a).

Fig. 4 . 6

 46 Fig. 4.6 Structural model proposed for Figure 4.5 a, red circle and black ellipse indicate the dominant interactions (white: hydrogen atoms, red: oxygen atoms, blue: nitrogen atoms; gray: carbon atoms; tiny brown balls: Cu adatoms).

Fig. 4 . 7

 47 Fig. 4.7 STM image before (a) and after (b) the constant scan at -3 V during 60 minutes (45 × 45 nm 2 , I t = 1.01 nA, V t = -1.5 V, T = 110 K)

Fig. 4 . 8

 48 Fig. 4.8 Schema of "Z before V atom manipulation" process. The probe tip follows the routine A⇒B⇒C⇒D⇒E⇒A. The initial position of the probe tip was at point A, STM image was obtained at bias voltage Vs 1 . The red arrow ⃗ CD indicates where bias voltage Vs 2 is applied.

4. 2 . 3

 23 Formation of longer alkyl chains: C 10 , C 20 , C 30 and C 40

  .10 c). The structural model is presented in Figure 4.10 d, corresponding to the left bottom part of Figure 4.10 a. Two CDB-OC 10 molecules were connected by the CN-Cu-NC coordination bridge. Alkyl chains with type C 20 and C 30 locate near the CDB-OC 10 molecules. The main contribution for stabilizing the alkyl chains was van der waals interactions between the alkyl chains and the Cu(111) surface. The multiplied augmentation of the alkyl chains from the type C 10 to C 40 implies the oligomerization process based on the monomer, i.e., alkyl chain of type C 10 . The alkyl chains of type C 10 were rarely observed, which can be explained by the substantial consume of the monomers C 10 for the further production of dimer (C 20 ), trimer (C 30 ) and tetramer (C 40 ).

Fig. 4 .

 4 Fig. 4.10 a) High-resolution STM image of the alkyl chain islands (18 × 15 nm 2 , I t = 1.01 nA, V s = 0.8 V, T = 110 K ). b) Statistical analyze of the nanoline length distribution. c) Proposed structural model. d) Distribution of the four types of alkyl chains C 10 , C 20 , C 30 and C 40 .

Figure 4 .

 4 Fig. 4.11 a-b): High-resolution STM image obtained at V s = -1.3 V from 'Down to UP' (t = 0) and from 'Up to Down' (t = 8'). c-d): Dual mode scan V s = + 1.3 V for c) and V s = -1.3 V for d), all images were obtained at 110 K.

Fig. 4 .

 4 Fig. 4.12 a-d) STM images obtained at time t=0, t=8', t=24' and t=32'. The coordination network are filled by more and more alkyl chains (white arrow) and there are more and more alkyl chains in the area indicated by yellow square as a function of the time. Image condition: (a-d: 58 × 34 nm 2 , I t = 1.01 nA, V s = 1.1 V, T = 110 K). (e: 10 × 10 nm 2 , I t = 1.01 nA, V s = 1.1 V, T = 110 K). (f: 15 × 15 nm 2 , I t = 1.01 nA, V s = 1.1 V, T = 110 K).

Fig. 4 .

 4 Fig. 4.13 a) Large-scale STM image after the deposition of CDB-OC 10 molecules on HOPG, two domains were highlighted by black and red squares. b) High-resolution STM image corresponding to the regular domain. c) High-resolution STM image displaying the existence of alkyl chain domain on HOPG. d) Structural model of the unit cell pattern for (b). Image condition: a) 120 × 120 nm 2 , I t = 10 pA, V s = 1 V, T=110 K; b) 20 × 20 nm 2 , I t = 5 pA, V s = 1 V, T = 110 K; c) 30 × 30 nm 2 , I t = 10 pA, V s = -0.7 V, T = 110 K.

Fig. 4 .

 4 Fig. 4.14 a) CPK structure of a 1,4-di(4',4"-pyridyl)-2,5-bis(decyloxy)benzene (PDB-OC 10 ) molecule, the length of a PDB-OC 10 molecule is 1.15 nm by 3.18 nm. b) CPK structure of a 1,4-di(4',4"-(bromomethyl)phenyl)-2,5-bis(decyloxy)benzene (BMDB-OC 10 ) molecule, the length of a BMDB-OC 10 molecule is 1.63 nm by 3.18 nm. (white: hydrogen atoms, light red: oxygen atoms, blue: nitrogen atoms; gray: carbon atoms; deep red: bromine atoms).

Figure

  Figure 4.13 c corresponds to the red square domain, the STM image was obtained at V s = -0.7 V. Compact arranged stripes could be observed with the length varying from 1.3 nm to 3.8 nm. These stripes correspond to alkyl chains of type C 10 , C 20 and C 30 . The appearance of these chains can only originate from the scissor reaction of CDB-OC 10 molecules. Therefore, the dissociation of CDB-OC 10 molecules is also applicable on HOPG. For summary, whether the surface is catalytic or not, the dissociation reaction could take place, and longer alkyl chains are always produced. These results provide clear evidence that the dissociation reaction is not a surface catalytic reaction.

4. 3

 3 Different terminal groups: PDB-OC 10 and BMDB-OC 10 on Cu[START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] To gain further insight into the role of the terminate, we reproduced the reactions on Cu(111) using another two molecules with different terminal groups. The chemical structure of the two molecules are displayed in Figure4.14. The 1,4-di(4',4"-pyridyl)-2,5bis(decyloxy)benzene (PDB-OC 10 ) molecule (Figure4.14 a) consists of two lateral aliphatic chains with ten carbon atoms grafted on a triphenyl aromatic core ended by two pyridyl groups. The distance between two nitrogen atoms was equal to 1.15 nm and the distance

Fig. 4 .

 4 Fig. 4.15 a) High-resolution STM image of the Cu(111) surface covered by PDB-OC 10 molecules. (15 × 15 nm 2 , I t = 1.01 nA, V s = -2.2 V, T = 110 K) Three parallel alkyl chains are noted "2" in yellow. b) Enlarged STM image of (a) superimposed with the structural model (four PDB-OC 10 molecules and two Cu adatoms).

Fig. 4 .

 4 Fig. 4.16 a) STM image of the BMDB-OC 10 /Cu(111), displaying the coexistence of the well-organized network in domain "1" and the alkane molecules in domain "2". (30 × 30 nm 2 , I t = 0.62 nA, V s = 0.7 V, T = 110 K). b) High-resolution STM image (I t = 0.01 nA, V s = 0.5 V, scale bar = 2 nm, T = 110 K) of the domain "1". c) STM image resolving Br atoms indicated by red circles (8 × 8 nm 2 , I t = 0.62 nA, V s = -0.7 V, T = 110 K). d) Proposed structural model, Br atoms by tiny red circles.

Fig. 4 .

 4 Fig. 4.17 CPK structure of a 1,4-di(4',4"-cyanophenyl)-2,5-bis(propoxy)benzene (CDB-OC 3 ) molecule, the length of a CDB-OC 3 molecule is 1.65 nm by 1.43 nm. (white: hydrogen atoms, red: oxygen atoms, blue: nitrogen atoms; gray: carbon atoms).

Fig. 4 .

 4 Fig. 4.18 a-b) High-resolution STM images showing four different self-assembled configurations of CDB-OC 3 /Cu(111), highlighted by the yellow square named "1","2","3" and "4". Image conditions: a) 29 × 26 nm 2 , I t = 1.01 nA, V s = -1.4 V, T = 110 K; b) 45 × 45 nm 2 , I t = 1.01 nA, V s = -1.4 V, T = 110 K.

Figure 4 .

 4 19 b). Each nitrogen atom of a CDB-OC 3 molecule points toward the hydrogen atom of the neighboring CDB-OC 3 molecule, and the distance N• • • H measures 0.32 nm (red circle).

Fig. 4 .

 4 Fig. 4.19 a) High-resolution STM image showing the compact domain "1" in Figure 4.18 a (15 × 15 nm 2 , I t = 1.01 nA, V s = -2 V, T = 110 K), the insert enlarged STM image indicates the measurement of the "X" shaped pattern. b) Structural model of the unit pattern. Intermolecular sites were highlighted by blue and red circles.

Domain 2 :

 2 The domain "2" is a herringbone structure, displayed by the high-resolution STM image in Figure4.20 a. The network can be seen as the periodic arrangement of the unit pattern highlighted in yellow along two orthogonal directions ⃗ e 1 and ⃗ e 2 . The unit cell constants are |⃗ e 1 | =2.4 nm and |⃗ e 2 | =4.7 nm. Each unit pattern is made up of two symmetric parallelograms (sides length: 2.4 nm by 3.1 nm, intersection angle: 50 • ). Ten "X" shaped CDB-OC 3 molecules were involved within the unit pattern. The measurement of the "X" shaped CDB-OC 3 molecule allows to differ the triphenyl core (1.65 nm marked by the white dashed line) from the alkyl chains (1.43 nm). The white dashed line in Figure 4.20 a) underlined the triphenyl core of CDB-OC 3 molecules. Two neighboring CDB-OC 3 molecules are either parallel to one another (along the ⃗ e 1 direction) or rotated by an angle of 75 • (along the ⃗ e 2 direction). There are four CDB-OC 3 molecules per unit cell, for the area of 11.4 nm 2 . The molecular density is thus 0.35 molecules/nm 2 . Cu adatoms are resolved unambiguously by the white arrows in the insert STM image. According to the above measurements, we propose the structural model of the corresponding unit pattern (Figure 4.20 b). Due to the

Fig. 4 .

 4 Fig. 4.20 a) High-resolution STM images showing the herringbone structure in domain "2". (18 × 18 nm 2 , I t = 1.01 nA, V s = -1.4 V, T = 110 K). The unit pattern is marked in yellow, the two orthogonal unit vectors are ⃗ e 1 and ⃗ e 2 . Insert STM image displays unambiguously the presence of Cu adatoms pointed by white arrows. b) Structural model of ten CDB-OC 3 molecules involved in the unit pattern (Cu adatom: tiny brown ball).

Domain 3 :

 3 The domain "3" in Figure 4.21 a is a porous nanoarchitecture. The unit cell of this network is indicated by the yellow rhombus with the cell constant of |⃗ e 1 | = 3.9 nm, |⃗ e 2 | = 4.3 nm, ( ⃗ e 1 , ⃗ e 2 ) = 57 • (see Figure 4.21 a).

Fig. 4 .Domain 4 :

 44 Fig. 4.21 a) High-resolution STM image (12 × 11 nm 2 , I t = 1.01 nA, V s = -1.4 V, T = 110 K) showing the hexagonal porous domain "3". The hexagonal porous is underlined by the black dashed line. The center points of four neighboring hexagons form a rhombus (in yellow). b) Structural model of six CDB-OC 3 molecules and two Cu adatoms involved in a unit cell.

Fig. 4 .

 4 Fig. 4.22 a) High-resolution STM image showing the rectangle domain "4" (12 × 12 nm 2 , I t = 1.01 nA, V s = -1.4 V, T = 110 K). The unit pattern is the white dashed rectangle, the unit cell constant is ⃗ e 1 = 3.8 nm, ⃗ e 2 = 2.8 nm. b) Structural model of the unit pattern: four CDB-OC 3 molecules point towards a Cu adatom (Cu adatom: tiny brown ball).

Fig. 4 .

 4 Fig. 4.23 a-b) STM image before and after 1 hour of scanning at (-0.8 V, 1.01 nA).(40 × 40 nm 2 , I t = 1.01 nA, V s = -0.8 V, T = 110 K).

Fig. 4 .

 4 Fig. 4.24 a) High-resolution STM image revealing the formation of longer alkyl chains (39 × 27 nm 2 , I t = 1.01 nA, V s = 1.2 V, T = 110 K). b) Corresponding scheme of (a) revealing the distribution of "X" shaped feature (green), the "⊥" shaped feature (red) and the stripes (blue). c) Distribution graph of the alkyl chains length. d) Distribution graph of alkyl chains by modulating the length based on C 3 .

Fig. 4 .

 4 Fig. 4.25 High resolution STM image of CDB-OC 3 /Au(111). (39 × 39 nm 2 , I t = 1.01 nA, V s = 1.3 V, T = 110 K). Alkyl chain domains coexist with CDB-OC 3 molecules on the surface.

Fig. 4 .

 4 Fig. 4.26 a) CPK structure of the 1,4-di(4',4"-cyanophenyl)-2,5-bis(dodecyl)benzene (CDB-C 12 ) molecule, the length of a CDB-C 12 molecule is 1.65 nm by 3.4 nm. b) CPK structure of the 1,4-di(4',4"-(bromomethyl)phenyl)-2,5-bis(dodecyl)benzene (BMDB-C 12 ) molecule, the length of a BMDB-C 12 molecule is 1.63 nm by 3.4 nm; (white: hydrogen atoms, red: bromine atoms, blue: nitrogen atoms; gray: carbon atoms).

4. 5

 5 .1 CDB-C 12 on Cu[START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] 

Figure 4 .

 4 Figure 4.27 a displays the large scale STM image after the deposition of CDB-C 12 molecules (423 K during 30 seconds) on Cu(111) surface held at 300 K. Two distinct domains were highlighted by the black squares "1" and "2".

Figure 4 .

 4 27 b), due to the presence of C 12 alkyl chains. Figure 4.27 d) displays the corresponding structural model. The main contribution for the construction of this architecture is due to the twofold coordination bonding (CN-Cu-CN) between a Cu adatom and two cyano groups of two CDB-C 12 molecules (blue circle in Figure 4.27 d). Interdigitated interactions between C 12 alkyl chains of CDB-C 12 molecules contribute to the main lateral interactions (red circle in Figure 4.27 d).The domain "2" in Figure4.27 c displays the mixture of alkyl chains and self-assembled CDB-C 12 network on Cu[START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] surface. The appearance of alkyl chains on the surface originated from the scissor reaction of CDB-C 12 molecules. The statistic analysis of the alkyl chains was shown in Figure4.28 a. The length of the alkyl chains was distributed continuously from 1 nm to 3.3 nm. Only 28.3 % and 0.8% of alkyl chains correspond to the type C 12 and C 24 , i.e., once and twice the length of alkyl chain C 12 in the CDB-C 12 molecule.

Fig. 4 .

 4 Fig. 4.27 a) Large scale STM image of CDB-C 12 /Cu(111). (45 × 45 nm 2 , I t = 1.01 nA, V s = -0.8 V, T = 110 K) Two domains are highlighted by black squares "1" and "2". b-c) High-resolution STM image of the domain "1" (b: 8 × 8 nm 2 , I t = 0.8 nA, V s = -1.2 V, T = 110 K) and "2" (c: 15 × 15 nm 2 , I t = 1.01 nA, V s = -0.8 V, T = 110 K). d) Structural model corresponding to the unit cell in (b).

Fig. 4 .

 4 Fig. 4.28 a) Statistic analyze of the alkyl length distribution. b) C 9 to C 24 by modulating the length based on C 3 .

Fig. 4 .

 4 Fig. 4.29 Left panel: large-scale STM image after the deposition of BMDB-C 12 molecules on Cu(111), the red rectangle domain is shown by the high-resolution STM image in the right panel. Image conditions: Left panel (50 × 50 nm 2 , I t = 60 pA, V s = -2 V, T = 110 K); right panel (25 × 7 nm 2 , I t = 1.01 nA, V s = -1 V, T = 110 K).

Fig. 4 .

 4 Fig. 4.30 Statistical analysis of the observed alkyl chains on surfaces for the case of CDB-OC 10 /Cu(111), CDB-OC 3 /Cu(111), CDB-C 12 /Cu(111), BMDB-C 12 /Cu(111), CDB-OC 10 /HOPG and CDB-OC 3 /Au[START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] 

Fig. 4 .

 4 Fig. 4.32 Proposed mechanism for C-O cleavage: a) IET process leading to the formation of a radical-anion. b) C-O bond cleavage leading to the formation of a phenolato anion and an alkyl radical.

Fig. 4 .

 4 Fig. 4.33 Calculation of the PDOS of the CDB-OC 3 molecule, the LUMO is localized at the center of triphenyl core, and the corresponding energy relative to Fermi is 0.8 eV.

Fig. 4 .

 4 Fig. 4.34 a) Propagation of the radical polymerisation. A chain-transfert reaction of radical lead to the growth of the length of produced alkanes. b) Termination of the radical polymerisation by combination with Hydrogen presents in the UHV-chamber (residual pressure of 10 -11 mbar), by combination between two radicals or by disproportionation.

Fig. 4 .

 4 Fig. 4.35 Proposed reaction pathways from CDB-OC 10 molecules to the formation of oligomeric alkyl chains.

  

  

  

Table 1 .

 1 1 Category of noncovalent interactions

	Noncovalent interactions	Energy (eV)	Distance (nm)	Reference
	Van der Waals	E ≃ 0.02 -0.1 eV	< 1 nm	[13-17]
	Interaction π-π	E ≃ 0.1 eV	0.33-0.38 nm	[17-20]
	Hydrogen bond	E ≃ 0.05 -0.7 eV	0.15-0.35 nm	[21-24]
	Halogen bond	E ≃ 0.05 -1.86 eV	0.26-0.36 nm	[25-27]
	Metal-organic	E ≃ 0.5 -2 eV	0.15-0.25 nm	

  .10 d-g represent the four principal types of constituent elements of this network. The individual Eu centers are surrounded by four (4.4.4.4), five (3.3.4.3.4 or 3.3.3.4.4) or six (3.3.3.3.3.3) qdc linkers. Two symmetric patterns were shown in Figure

Table 1 .

 1 2 Category of on surface reactions

	Reaction type	Scheme of chemical reaction	Ref.
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Résumé

Ce travail présente les études, par microscopie à effet tunnel (STM) sous ultravide, d'une part de la formation de réseaux supramoléculaires, résultant de l'auto-assemblage des précurseurs organiques sur les surfaces Cu (111), Au (111), Si(111)-B et HOPG, et d'autre part, de l'étude de réactions chimiques sur les surfaces Cu (111), Au (111) et HOPG. Le premier chapitre décrit l'état de l'art des réseaux supramoléculaires ainsi que les réactions chimiques sur les surfaces. Le deuxième chapitre présente le dispositif expérimental et les théories sous-jacentes, ainsi que les préparations des substrats, de la pointe et la méthode de déposition des molécules.

Le troisième chapitre présente les réseaux supramoléculaires formés par les dépositions des molécules fonctionnalisées par des atomes de brome ou d'azote sur les surfaces Cu (111) et Si(111)-B. Dans tous les cas, le rôle de la surface est prédominant lors de la formation des réseaux. Sur Cu (111), deux réseaux linéaires sont stabilisés par des interactions organométalliques entre les adatomes de Cu et les molécules organiques. Sur Si(111)-B, les réseaux formés sont commensurables avec la reconstruction √3 × √3 de la surface. En fonction de la compétition entre les interactions intermoléculaires et molécule-surface, les réseaux peuvent être 2D ou 1D.

Le quatrième chapitre présent le premier exemple de polymérisation radicalaire sur une surface. Pour ce faire, quatre molécules de type arylalkyléthers et deux molécules arylalkanes furent synthétisées et déposées sur les surfaces de Cu (111), Au (111) et HOPG. Le mécanisme proposé pour cette réaction débute par une étape d'initialisation grâce à un processus de transfert inélastique d'électron tunnel (IET), générant des radicaux libres qui peuvent ensuite polymérisés par voie radicalaire sur la surface.

Abstract

This work deals with the investigation, by means of scanning tunneling microscopy under ultra-high vacuum, of supramolecular networks resulting from the self-assembly of organic precursors on surfaces such as Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], Si(111)-B and HOPG, but also the investigation of on-surface reactions. The first chapter describes the state-of-the-art of supramolecular networks and on-surface reactions on surfaces. The second chapter presents the experimental setup and theoretical concepts, as well as the preparations of the substrates, the probe tip and the method of molecular deposition.

The third chapter presents the supramolecular networks formed by the depositions of molecules functionalized by bromine atoms or nitrogen atoms on the Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and Si(111)-B surfaces. For both cases, the surface plays a key role in the formation of networks: on Cu(111), the two linear networks are stabilized by metal-organic interactions between the Cu adatoms and the organic molecules; on Si(111)-B, the nanoarchitectures are commensurable with the reconstruction √3 × √3 of the surface. As function of the competition between the intramolecular and intermolecular interactions, the networks could be 2D or 1D.

The fourth chapter presents the first example of on-surface radical polymerization, which is developed by the tandem synthetic method. For this end, four arylalkylether molecules and two arylalkane molecules are synthetized and deposited on different types of surfaces such as Cu [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF], Au [START_REF] Hla | Scanning Tunneling Microscopy Single Atom/Molecule Manipulation and its Application to Nanoscience and Technology[END_REF] and HOPG. The proposed mechanism suggests that this reaction is initialized by the inelastic electron tunneling (IET) process, which provides the free and stable radicals for the further on surface radical polymerization.