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Introduction

Organic electronic and optoelectronic devices have been investigated in recent years as a potentially competitive alternative to the current inorganic semiconductor technology for applications such as organic light-emitting diodes (OLEDs), [START_REF] Reineke | White organic light-emitting diodes with fluorescent tube efficiency[END_REF] organic field effect transistors (OFETs), [START_REF] Małachowski | Organic field-effect transistors[END_REF] bulk-heterojunction [START_REF] Blom | Device Physics of Polymer: Fullerene Bulk Heterojunction Solar Cells[END_REF] or dye sensitized solar cells, [START_REF] Grätzel | Applied physics: Solar cells to dye for[END_REF] or chemical sensors. [START_REF] Lin | Organic Thin-Film Transistors for Chemical and Biological Sensing[END_REF] While some of these applications are already in the market (OLEDs, OFETs), others are still far from real applications, despite the rising strides in efficiency registered in the last decades (bulk heterojunction solar cells). [START_REF] Scharber | Efficiency of bulk-heterojunction organic solar cells[END_REF] Improving the efficiency of such devices requires control over many parameters, such as the chemical nature and electronic structure of the molecular building blocks, the degree of order of the organic molecules in the active layer, the presence of dopants and impurities, or the nanoscale morphology of the organic films. [START_REF] Brütting | Physics of organic semiconductors[END_REF] The interface between the organic active layer and the metallic contacts is of paramount importance in determining the efficiency of the device: for example, the alignment of the molecular orbital levels of the organic layer with the Fermi level of the metallic substrates determines the electronand hole-injection barriers. [START_REF] Ishii | Energy level alignment at organic/metal interfaces studied by UV photoemission: breakdown of traditional assumption of a common vacuum level at the interface[END_REF][START_REF] Braun | Energy-level alignment at organic/metal and organic/organic interfaces[END_REF][START_REF] Oehzelt | Organic semiconductor density of states controls the energy level alignment at electrode interfaces[END_REF] Alongside the purely electronic effects, the molecular organization at the interface will also determine the morphology and structure of the organic molecules in thicker films and, thus, will play an important role in steering the physical behavior of the device. [START_REF] Dimitrakopoulos | Organic Thin Film Transistors for Large Area Electronics[END_REF] Thus, from the 90's and during two decades, research on the structure of organic monolayers deposited on metallic or passivated semiconductor surfaces progressed at a very fast pace. [START_REF] Feyter | Self-assembly at the liquid/solid interface: STM reveals[END_REF][START_REF] Barth | Engineering atomic and molecular nanostructures at surfaces[END_REF][START_REF] Barth | Molecular Architectonic on Metal Surfaces[END_REF][START_REF] Bartels | Tailoring molecular layers at metal surfaces[END_REF] This research was driven by the observation that, if the nature of the organic molecules and the substrate were properly chosen, many of the concepts developed by supramolecular chemistry in solution phase [START_REF] Lehn | Supramolecular chemistry : concepts and perspectives[END_REF] could be directly exported to the 2D organic adlayers. For supramolecular chemistry, molecule-molecule interactions are numerous: hydrogen bonding, metal coordination, hydrophobic forces, Van der Waals forces, π-π interactions, and electrostatic effects. These interactions also play a detrimental role in organic layers on surfaces. It is worth mentioning that even in the limit of weak molecule-substrate interactions, small changes in the electronic structure and morphology of both adsorbates and substrate have been reported. [START_REF] Feyter | Self-assembly at the liquid/solid interface: STM reveals[END_REF][START_REF] Barth | Engineering atomic and molecular nanostructures at surfaces[END_REF][START_REF] Barth | Molecular Architectonic on Metal Surfaces[END_REF][START_REF] Bartels | Tailoring molecular layers at metal surfaces[END_REF] If we now consider the functions that electronic and optoelectronic devices must perform, we often find that molecules with a strong donor or acceptor electronic character, or mixtures of them both, are required to separate regions with opposite sign of the charge carriers, electrons (e -), and holes (h + ). This requirement must be met, for example, by OLEDs, [START_REF] Reineke | White organic light-emitting diodes with fluorescent tube efficiency[END_REF] since the light-emitting mechanism is ultimately related to the recombination of electrons and holes in the active layer (Figure 1a)). Similarly, the working principle underlying bulk-heterojunction solar cells requires the splitting of the tightly bound excitons formed by light absorption on the organic molecules, into electrons and holes that can be later on driven to different metallic electrodes (Figure 1b)). [START_REF] Scharber | Efficiency of bulk-heterojunction organic solar cells[END_REF] Since the molecules interesting for electronic and optoelectronic applications turn out to be strong donors or acceptors, charge transfer between the substrate and the adsorbate is to be expected, especially when the substrates are metallic. The properties of such charged adsorbates in terms of molecule-molecule or molecule-substrate interactions cannot be expected to be the same as when they are in solution.

For this reason, during the last few years many groups have directed their attention to organic donor and acceptor species deposited on metal surfaces, and their investigations Introduction TEMPO beamline (SOLEIL synchrotron, France), the ALOISA beamline (ELETTRA synchrotron, Italy), and the PolLux beamline (SLS synchrotron, Switzerland). The results offer an understanding of the structural and electronic properties of a metal/organic interface, based on indium tin oxide (ITO), the metal, and dipyranylidene (DIP), the organic material. ITO, a transparent conducting oxide, remains the dominant material used as an electrode for organic electronics. DIPs have shown to be great donors [START_REF] Alizon | Investigations of high conductivity of dipyranylidene and dithiadipyranylidene -TCNQ complexes[END_REF] and are already used in different organic electronic devices. [START_REF] Berny | Dithiapyrannylidenes as efficient hole collection interfacial layers in organic solar cells[END_REF][START_REF] Courté | A non-volatile resistive memory effect in 2,2',6,6'-tetraphenyl-dipyranylidene thin films as observed in field-effect transistors and by conductive atomic force microscopy[END_REF][START_REF] Courté | Structural and electronic properties of 2,2',6,6'-tetraphenyl-dipyranylidene and its use as a hole-collecting interfacial layer in organic solar cells[END_REF] In these systems, DIP layer electronic properties have not been fully characterized regarding the electronic mechanism at a metal/organic interface. Therefore, we performed a precise morphological and electronic study of this interface. The results are summarized in the five chapters below.

In Chapter I, we will recall the basis on the (inorganic and organic) semiconductor properties. We will then present the different interactions at a metal/organic interface, and the growth modes of an organic layer on a substrate. We will discuss the process of charge-transfer by itself, to understand the alignment of the electronic levels at the interface between metals and organic donors and acceptors. Finally, X-ray basis and experiments will be presented as a tool to determine both morphology (absorption) and electronic properties (photoemission) of the interface.

The morphology of the ITO/DIPO-Ph 4 samples will be presented in Chapter II.

Atomic force microscopy (AFM) and scanning X-ray microscopy (STXM) have been performed to determine the growth mode and the molecular orientation. Thermal annealing treatments allow us to tailor the organic layer morphology. This study will help us to understand the measurements performed via X-ray photoemission spectroscopy (XPS) presented in Chapter III. Indeed, in the latter, we will make a complete description of the ITO electronic properties. XPS data on the ITO/DIPO-Ph 4 interface will be then presented. These results have been confronted to density functional theory (DFT) calculations. A charge transfer from the organic material to the substrate is observed. To complete this chapter, we will also present resonant photoemission spectroscopy (ResPES), a tool to access the charge transfer time, and pump-probe results that have been performed to gain insight on the DIPO-Ph 4 de-excitation time.

The DIPO-Ph 4 layer fully characterized, we integrated the system in photovoltaic devices. We will present in Chapter IV the energetic alignment of a typical organic solar cell with DIPO-Ph 4 as interfacial layer. The photovoltaic response has been measured and we will comment on the efficiency increase regarding both the morphology and the electronic properties of the organic layer.

In the last chapter, Chapter V, we will present the effect of a change in the DIP heteroatom on the morphology and electronic properties. In this thesis, these data will be presented as preliminary results and further XPS experiments and DFT calculations will be performed to allow a complete discussion on DIP derivatives.
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I.1 Semiconductor description

In this section, we will present the electronic description of a semiconductor and the state-of art on metal/organic level alignment.

To understand molecular electronics, we must first consider the electronic properties of a semiconductor and how molecules grow on a surface. We will recall the fundamentals of energy placement in a solid and the growth mode of an organic layer.

I.1.1 Inorganic semiconductor a) Theoretical description

Within an isolated atom, the energy levels are discrete and we speak of an atomic orbital.

Their values are obtained by solving the Shrödinger equation: [START_REF] Sze | Physics of semiconductor devices[END_REF] -

2 2m * ∇ 2 + V ψ (r, k) = Eψ (r, k)
where is the reduced Planck constant, m * the effective mass, V the potential energy, r the position vector, ψ the wave function, k the wave vector and E the energetic level.

From this energetic description, an ionization potential (IP ) is defined, which corresponds to the energy to be supplied to the system for withdrawing an electron from an occupied state. On the other hand, the electronic affinity (EA) corresponds to the energy required for adding an electron to an unoccupied state.

In a crystalline material, the studied entity is not isolated. Indeed, there is a periodic repetition of a pattern. Consequently, the energy levels are no more discretized. This repetition generates a band energy structure. Two bands are key parameters for a material description: the last band filled with electrons, called the valence band (VB), and the first band constituted with unoccupied state, the conduction band (CB). From this description, IP v is thus the difference between the vacuum level (E Vac ), which is the zero of energy, and the maximum of the valence band. EA c is the difference between E Vac and the minimum of the conduction band. The energy gap (E G ), which is equal to the difference between EA c and IP v (Figure), defines the electronic properties of the material and corresponds to the minimum energy required to form an electron-hole pair, called an exciton.

Depending on the E G value, the materials properties will be different and there are three types of behaviour:

• E G 0: insulator • E G = 0: conductor (C)

•
At room temperature, an electron can be easily promoted from the VB to the CB.

A pseudo-energy state, the Fermi level (E F ) is defined as the energy level for which the probability of having an electron is equal to 1 2 . This is called the Fermi-Dirac statistic (P ). [START_REF] Sze | Physics of semiconductor devices[END_REF] This probability is then expressed in the form of a sigmoid which verifies P (E F ) = 1 2 and P T →0 (E) = 1. P is expressed as:

P (E) = 1 1 + exp E-E F k B T
where k B is the Boltzmann constant and T the temperature.

For an insulator, the Fermi level is situated between VB and CB. For a conductor, the Fermi level is at the VB maximum (Figure I.1).

For a doped semiconductor, there are two cases:

• p-type SC: the material is doped with acceptor elements; therefore, the hole concentration is larger than the electron one. The Fermi level is close to the VB. The SC has an affinity for hole conduction through the VB (hole donor or electron acceptor).

• n-type SC: the material is doped with donor elements; therefore, the electron concentration is larger than the hole one. The Fermi level is then close to the CB. The SC has an affinity for electron conduction through the CB (electron donor).

From the Fermi level, the work function (Φ) is defined as the energy between E Vac and E F . 

b) Electrode for organic electronics

To highlight the semiconductor description, we can focus on the practical study of transparent conductive oxides (TCO) that are mainly used in electronic devices.

The materials of the transparent electrodes (used for anodes) in the organic electronic devices are mainly oxides, [START_REF] Klein | Transparent conducting oxides: Electronic structure-property relationship from photoelectron spectroscopy with in situ sample preparation[END_REF][START_REF] Brabec | Organic Photovoltaics[END_REF][START_REF] Hains | Molecular semiconductors in organic photovoltaic cells[END_REF] although a replacement with alternative materials, for instance polymers [START_REF] Meiss | Transparent Electrode Materials for Solar Cells[END_REF] and graphene, [START_REF] Hyesung | Doped Graphene Electrodes for Organic Solar Cells[END_REF][START_REF] Zhu | Rational design of hybrid graphene films for high-performance transparent electrodes[END_REF][START_REF] Johnson | Graphene Still Trying to Replace ITO in Organic Solar Cells[END_REF] starts to be explored. Among oxides, Sn-doped In 2 O 3 (indium tin oxide, ITO) remains the dominant material used as an electrode for organic electronics despite its high cost in front of alternative oxides like aluminum-doped zinc oxides, mainly because of a better resistance to degradation in outdoor environments. [START_REF] Mirletz | Degradation of transparent conductive oxides: Interfacial engineering and mechanistic insights[END_REF] Its wide utilization is attributed to its remarkable properties such as high conductivity, excellent transmittance, and suitable work function. [START_REF] Egdell | Dopant and Defect Induced Electronic States at In2O3 Surfaces[END_REF] But the finite availability of element indium and chemical and electrical drawbacks of ITO, impel the development of new electrode candidates, such as solution-processed silver nanowire, [START_REF] Jia | Silver Nanowire Transparent Conductive Films with High Uniformity Fabricated via a Dynamic Heating Method[END_REF] conducting polymer films, [START_REF] Guo | Highly Conductive Transparent Organic Electrodes with Multilayer Structures for Rigid and Flexible Optoelectronics[END_REF] carbon nanotube films, [START_REF] Gruner | Carbon nanotube films for transparent and plastic electronics[END_REF] as well as transparent graphene-constructed films. [START_REF] Hong | Omnidirectionally Stretchable and Transparent Graphene Electrodes[END_REF] For the cathode, vacuum evaporated metal films such as aluminium or silver are usually used.

ITO is formed thanks to a doping with tin oxide (SnO 2 ) of indium oxide (In 2 O 3 ). The doping is typically 10 % weight of SnO 2 . The structure is based on a bixbyite structure of In 2 O 3 with a substitution of In 3+ cations by Sn 4+ (Figure I.2). [START_REF] Marezio | Refinement of the crystal structure of In2O3 at two wavelengths[END_REF] In this case, theoretical atomic ratios are: In 0.356, Sn 0.036, O 0.607.

A variety of techniques have been developed for ITO deposition, including sputtering, evaporation, spray pyrolysis and screen printing. The sputtering method now prevails in the production of ITO films since it can deposit films over large areas at rates comparable to electron-beam evaporation, without the degree of radiation heating typical of thermal sources. Impact of gas partial pressure and substrate temperature have been widely studied to understand ITO growth. [START_REF] Nishikawa | The influence of substrate temperature and sputtering gas atmosphere on the electrical properties of reactively sputtered indium tin oxide films[END_REF] Structure is a key for resistivity and optical properties. Concerning electronic properties, ITO is often depicted as an "ordinary" metal. In fact, it is a n-type degenerate wide gap semiconductor. The value of the direct gap E G of In 2 O 3 has evolved with time, from ∼3.6 eV in earlier publications (based on optical spectra, see Ref. [START_REF] Müller | Electrical and Optical Properties of Sputtered In2O3 films. I. Electrical Properties and Intrinsic Absorption[END_REF][START_REF] Gassenbauer | Surface states, surface potentials, and segregation at surfaces of tin-doped In2O3[END_REF] to a much smaller value of ∼2.9 eV (X-ray photoelectron spectroscopy (XPS), ab initio band structure calculations [START_REF] Walsh | Nature of the band gap of In2O3 revealed by first-principles calculations and X-ray spectroscopy[END_REF] and scanning tunneling spectroscopy [START_REF] Braun | In-gap states of In2O3 single crystals investigated by scanning tunneling spectroscopy[END_REF]). The filling of the conduction band, according to the Burstein-Moss model, [START_REF] Burstein | Anomalous optical absorption limit in InSb4[END_REF][START_REF] Moss | The Interpretation of the Properties of Indium Antimonide[END_REF] is made via the presence of Sn donors substituting In atoms, up to ∼0.3 eV from its bottom (Figure I.3). [START_REF] Klein | Transparent conducting oxides for photovoltaics: Manipulation of fermi level,work function and energy band alignment[END_REF] In contrast to the conclusions of the UV photoelectron spectroscopy (UPS) work of Gassenbauer et al. (Ref. 46) where an E G of ∼3.6 eV was considered, the most recent high energy XPS study of the valence-band, at 3.6 keV photon energy, [START_REF] Walsh | Nature of the band gap of In2O3 revealed by first-principles calculations and X-ray spectroscopy[END_REF] points to a flat band situation extending deeply in the bulk (the electron escape depth is ∼6 nm) together with a low E G value of ∼2.8 eV. A subsequent high energy XPS analysis at 6 keV of the In 3d core levels is indicative of a slight carrier depletion in the layers closer to the surface. [START_REF] Körber | Electronic structure of In2O3 and Sn-doped In2O3 by hard X-ray photoemission spectroscopy[END_REF] The ITO work function (Φ ITO ) is ∼4.2 eV. It could change with deposition conditions but also post-surface treatment. Cleaning solvents and UV-ozone treatment can modify the ITO surface, which leads to a modification of the electronic properties and thus of the work function. [START_REF] Sugiyama | Dependence of indium-tin-oxide work function on surface cleaning method as studied by ultraviolet and X-ray photoemission spectroscopies[END_REF] A too long ozone exposure will move the Fermi level above the CB and results in non-conductive ITO.

I.1 Semiconductor description

𝐸 𝐺 2.

I.1.2 Organic semiconductor

For organic electronics, we cannot go further without describing the electronic schema of the organic materials. In comparison with the inorganic material, when an organic molecule is formed, the atomic orbitals interact with each other to form molecular orbitals.

Two levels are particularly interesting: the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO). Molecules can be either good electron donor or good electron acceptor. When a charge transfer occurs, we speak of polaron (P -or P + ). The formation of a molecular ion leads to a relaxation to minimize the system energy. As shown in Figure I.4b), the newly occupied (for P -) or unoccupied (for P + ) level is a semi-occupied molecular orbital (SOMO)
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or semi-unoccupied molecular orbital (SUMO). [START_REF] Braun | Energy-level alignment at organic/metal and organic/organic interfaces[END_REF] These energetic level positions are obtained after stabilization of an excess charge in the organic semiconductor, by geometric relaxation of the charged molecule itself (internal relaxation) and of the surrounding lattice (external relaxation). Yet, the energetic difference between the polaronic states (SOMO and SUMO) and the neutral states (HOMO and LUMO, respectively) is typically smaller than 0.1 eV. [START_REF] Mcmahon | Evaluation of the External Reorganization Energy of Polyacenes[END_REF] Polaronic effects will, therefore, no longer be considered in the following.

In organic electronics, the organic materials are classified as hole-transport, or electron- shows that DIP forms a high-conductivity donor-acceptor complex with TCNQ. [START_REF] Alizon | Investigations of high conductivity of dipyranylidene and dithiadipyranylidene -TCNQ complexes[END_REF] The DIP oxidation potentials are around 0.2 V which makes it a better electron donor than TTF (0.34 V both relative to Ag/AgCl in acetonitrile). This value leads to an ionization potential (IP v ) of ∼4.6 eV, according to the Forrest's relationship. [START_REF] D'andrade | Relationship between the ionization and oxidation potentials of molecular organic semiconductors[END_REF] The DIP synthesis has been optimized during previous works. [START_REF] Berny | Derives de type dipyrannylidene comme couche interfaciale anodique dans des dispositifs electroniques[END_REF] In this study we will focus on the phenyl (Ph) derivatives (DIPX-Ph 4 with X = O, S or Se). In the solid state, the optical gap of the molecular material deposited as a thin layer is ≤ 2 eV orbital localization changes. However, the molecule behaviour deposited as thin films can be different due to the intermolecular interactions. In the solid-state, X-ray diffraction (XRD) measurements have been performed: molecules pack plane-to-plane in columns and the dihedral angle of the phenyl groups reduces to 7.8°for oxygen derivatives. [START_REF] Chasseau | Tétraphényldipyranylidène (Dip-Ph4)[END_REF] For DIPS-Ph 4 , the angle is 12.4°and for DIPSe-Ph 4 , it reduces to 14°. [START_REF] Luss | The structure of tetraphenyldithiapyranylidene[END_REF][START_REF] Leclaire | Structure du tétraphényl-2,2',6,6' bisélénapyrannylidène-4:4[END_REF] Molecules are V-shaped at solid state (Figure I.7). The molecules do not pack one molecule on top of the other. For the DIPO-Ph 4 there is a shift along the O -O direction of 4.8 Å. For the DIPS-Ph 4 and DIPSe-Ph 4 as there is a bigger dihedral angle between the phenyls and the DIP core, molecules are also shifted along the perpendicular X -X direction in the DIP core plan. This crystallized morphology has been also confirmed in thin layers after thermal evaporation. [START_REF] Bolag | Field-Effect Transistors Based on Tetraphenyldipyranylidenes and the Sulfur Analogues[END_REF][START_REF] Courté | A non-volatile resistive memory effect in 2,2',6,6'-tetraphenyl-dipyranylidene thin films as observed in field-effect transistors and by conductive atomic force microscopy[END_REF] DIP derivatives have already been used in organic devices such as organic solar cells (OSCs) [START_REF] Courté | Structural and electronic properties of 2,2',6,6'-tetraphenyl-dipyranylidene and its use as a hole-collecting interfacial layer in organic solar cells[END_REF][START_REF] Berny | Dithiapyrannylidenes as efficient hole collection interfacial layers in organic solar cells[END_REF] or organic field effect transistors (OFETs) [START_REF] Bolag | Field-Effect Transistors Based on Tetraphenyldipyranylidenes and the Sulfur Analogues[END_REF][START_REF] Courté | A non-volatile resistive memory effect in 2,2',6,6'-tetraphenyl-dipyranylidene thin films as observed in field-effect transistors and by conductive atomic force microscopy[END_REF] but the electronic process and properties have not been clearly demonstrated. During this work, we thus aim to gain a better understanding of the interface formed by DIP layers on ITO substrates, which are typical metal/organic interfaces. 
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I.2 Metal/organic interface I.2.1 Layer interactions

Two sets of interactions are to be considered to describe the metal/organic interfaces: [START_REF] Ishii | Energy level alignment at organic/metal interfaces studied by UV photoemission: breakdown of traditional assumption of a common vacuum level at the interface[END_REF] • Substrate/molecule interactions: interactions between the first deposited layer and the substrate.

• Intermolecular interactions: interactions between molecules within the layer.

Substrate/molecule interactions:

The production thin layers is usually achieved by several nucleation and growth steps. [START_REF] Venables | Nucleation and growth of thin films[END_REF] These steps involve adsorption, diffusion to a nucleation point, and aggregation between the manipulated entities (Figure I.8). The film growth thus depends on a trihedral, including the surface state (adsorption sites, potential barrier), the nature of the manipulated entities (polarization, interaction) and the deposition conditions (speed, time). In the case of physisorption, molecules are anchored to the substrate by Van der Waals interactions of low energy. In the case of chemisorption, the bond with the substrate is established through covalent bonds.

Due to substrate/molecule interactions, a charging rearrangement can be observed. [START_REF] Ishii | Energy level alignment at organic/metal interfaces studied by UV photoemission: breakdown of traditional assumption of a common vacuum level at the interface[END_REF] This charging effect is of different nature, depending on the involved interactions.

The factors affecting the interface are presented in Figure I.9:

• Charge transfer between the metal and the organic layer with formation of a cation (donor) or an anion (acceptor).

• Mirror force due to a charge concentration at the substrate surface.

• Chemical bonds leading to a chemical modification. 

I.2 Metal/organic interface

Intermolecular interactions:

Within a thin layer, intermolecular interactions allow to establish cohesion between the molecules by minimizing the total system energy. Some are directional and make it possible to structure the layer. These interactions are commonly classified according to their bond energy (Table I.1). • The island type, or Volmer-Weber mode, is a three-dimensional growth during which islets form. This growth mode is usually favoured when the entities forming the deposited layer are more strongly bonded to one another than to the substrate.

• The Frank Van der Merwe mode, or layer type, is a two-dimensional growth which is favoured when the energy of interactions between the deposited entities is less than or equal to that between the thin layer and the substrate. In this case, the films are formed layer by layer.

• The last mode, the Stranski-Krastanov mode, is a combination of the two previous modes. After the two-dimensional growth has begun, a change in growth mode is observed, where the island formation becomes energetically favourable.
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Volmer-Weber Franck Van der Merwe

Stranski-Krastanov

Figure I.10 -Three growth modes for layer formation on a surface.

I.2.2 Energetic level alignment

The electronic levels of an organic material deposited on a metal are most often placed against each other by aligning the vacuum levels (the so-called Schottky-Mott limit).

A vast literature on metal/organic or inorganic semiconductor/organic interfaces shows that it is far to be always the case. [START_REF] Braun | Energy-level alignment at organic/metal and organic/organic interfaces[END_REF][START_REF] Oehzelt | Organic semiconductor density of states controls the energy level alignment at electrode interfaces[END_REF][START_REF] Kahn | Electronic structure and electrical properties of interfaces between metals and Pi-conjugated molecular films[END_REF][START_REF] Khaliq | Charge transfer and energy level alignment at the interface between cyclopentene-modified Si(001) and tetracyanoquinodimethane[END_REF][START_REF] Crispin | Characterization of the interface dipole at organic/metal interfaces[END_REF][START_REF] Braun | Energy level alignment regimes at hybrid organic-organic and inorganic-organic interfaces[END_REF][START_REF] Vázquez | Induced Density of States model for weaklyinteracting organic semiconductor interfaces[END_REF][START_REF] Klein | Energy band alignment at interfaces of semiconducting oxides: A review of experimental determination using photoelectron spectroscopy and comparison with theoretical predictions by the electron affinity rule, charge neutrality levels, and the common anion[END_REF] Various models were proposed to describe the actual situation. They differ not only in their intended range of applicability (from a single organic semiconductor layer to thick films) but also in the envisioned regimes of electronic coupling strength between the organic material and the electrode (from weak coupling with a passivated electrode to intermediate coupling with an atomically clean metal) as well as in the assumed energy distribution of the electronic states in the organic material (from discrete to continuous).

In the integer charge transfer model, according to the respective energies of the metal work function and of donor/acceptor polaronic levels related to, but not confounded with, the highest occupied molecular orbital (HOMO)/lowest unoccupied molecular orbital (LUMO) levels, charge can be transferred across the interface or not. When charge transfer occurs, the energy levels are pinned by the acceptor/donor polaronic levels. A change in the work function is seen and the Schottky-Mott alignment is not observed. [START_REF] Braun | Energy-level alignment at organic/metal and organic/organic interfaces[END_REF] The concept of the polaronic level, on which the integer charge transfer model was based, was recently challenged by the electrostatic model of Oehzelt and coworkers [START_REF] Oehzelt | Organic semiconductor density of states controls the energy level alignment at electrode interfaces[END_REF] who considered the polaronic energy as almost negligible. Relying heavily on the density of state (DOS) of the organic film, the spatial profile of the electrostatic potential in the organic layer was calculated via the Poisson equation. The DOS shape and the energy distribution of electronic states tailing into the fundamental gap is found to determine both the minimum value of practically achievable injection barriers as well as their spatial profile, ranging from abrupt interface dipoles to extended band-bending regions.

The different energetic level alignment regimes are presented in Figure I.11.

Three regimes are possible:

• HOMO pinning.

• Schottky-Mott limit.

I.2 Metal/organic interface

a) b) c) VB CB 𝐸 𝐹 𝐸 Vac Φ Met Φ Met > Φ + 𝐼𝐸 𝑣 HOMO LUMO Φ Org = Φ + < Φ Met Δ 𝑒 ≠ 𝑓(Φ Met ) Δ ℎ ≠ 𝑓(Φ Met )
HOMO pinning To determine the energetic level alignment, X-ray characterizations can be performed.

e - 𝐸 𝐹 𝐸 Vac Φ Met Φ -< Φ Met < Φ + VB CB 𝐼𝐸 𝑣 𝐸𝐴 𝑐 Schottky-Mott limit Φ Org = Φ Met Δ 𝑒 = 𝑓(Φ Met ) Δ ℎ = 𝑓(Φ Met ) Φ Met < Φ - LUMO pinning VB CB 𝐸 𝐹 𝐸 Vac Φ Met HOMO LUMO Φ Org = Φ - > Φ Met e - 𝐸𝐴 𝑐 Δ 𝑒 ≠ 𝑓(Φ Met ) Δ ℎ ≠ 𝑓(Φ Met )

I.3 X-ray characterizations

The history of X-ray experiments can be considered to begin in 1887, with the discovery of the photoelectric effect by Herzt. [START_REF] Hertz | Ueber einen Einfluss des ultravioletten Lichtes auf die electrische Entladung[END_REF] Already in 1907, Innes described a kinetic energy spectrum of photoelectrons excited by radiation of an X-ray tube with a platinum anode and registered by a spectrometer consisting of a magnetic analyzer and photographic detection (see Appendix B. 

I.3.1 Physical principles

Berglund and Spicer developed the theoretical model of the photoemission process in 1964. [START_REF] Berglund | Photoemission Studies of Copper and Silver: Theory[END_REF] The photoemission process is described as a three-step model. In this approach, the optical excitation between two Bloch states, the transport of the electron to the surface and the escape of the electron through the surface into the vacuum, are treated separately.

A simple explanation of the three-step model can be given as follows: Step 1. Photon ionization:

When an atom absorbs a photon with sufficient energy, it can be ionized, causing an electron to escape from a bound state to a free state. The transition probability is related to the cross-section of the interaction process, which depends on the photon energy, the atom from which the electron is extracted from, and the electronic shell from which the photoelectron is ejected.

Step 2. Photoelectron transport to the surface:

The surface sensitivity of this technique arises from the strong interaction of electrons with matter. Before escaping from a solid the electron can interact with the matter in different ways, giving rise to different photoemission structures (Figure I.14):

• Elastically scattered electrons which have escaped from the solid without suffering energy loss. These lead to the main photoemission peak (case I).

• Inelastically scattered electrons which have lost kinetic energy on their way out of the solid. Such kinetic energy losses may arise due to electron-phonon (broadening), electron-electron (intra or interband transitions; few eV) or electron plasmon (few eV up to about 30 eV) transitions. These types of electrons give rise to a peak broadening or to satellites peaks (case II).

• Electrons that have undergone many inelastic scattering processes and lost the energy information of their original levels. They are termed as secondary electrons (case III). • Electrons that have lost too much energy due to inelastic scattering processes and cannot escape from the surface (case IV).

I.3 X-ray characterizations

Step The elastic photoelectron kinetic energy (KE) is related to the energy of the photons (hν), the binding energy of the energetic level the photoelectron is extracted from (BE), and the work function (Φ) of the sample which give:

KE = hν -BE -Φ (I.1)
As KE is a function of the photon energy hν, the photoemission intensity curve is plotted as a function of BE with BE = E F -KE. E F is used as a reference for the XPS and UPS curve and is the 0 of the BE energy. In addition, note that with this description, IP can be defined for any occupied states (from the core to the valence levels) and IP = BE + Φ.

The binding energy (BE) of an electron is the difference between the energy of the initial state (E i (n), atom with n electrons) and of the final state (E f (n -1), atom with n -1 electrons (ion) and a free photoelectron).

BE = E f (n -1) -E i (n)
In the approximation of frozen orbitals, i.e. in the absence of relaxation due to electronic rearrangement following the photoemission process, according to the Koopmans theorem,
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BE corresponds to the orbital energy ( orb ). However, after the photoionization process, the surrounding orbitals relax around the core hole to screen it. Therefore, the BE of an electron depends on the chemical where:

• ∆ orb is the initial state contribution, and it is the real chemical shift. This term expresses potential modification due to the chemical bond between atoms, acting on the electrons. This could be analysed using a simple physical model. We consider a punctual charge e (which represent the core hole) surrounded by the valence charge at a distance r (approximately the distance from the nucleus). Thanks to the Gauss theorem we have:

∆ orb ∝ C∂q r
where C (constant) > 0 and ∂q is the charge transferred to the ligand. If ∂q > 0, the atom loses charge by bonding to a more electronegative ligand and the initial state energy decreases, if ∂q < 0, the atom gives charge by bonding to a less electronegative ligand and the initial state energy increases.

• ∆E R is the final state shift. It is due to the screening capacity of the core-hole by the environment (extra-atomic relaxation). In a solid, the extra-atomic relaxation energy is approximated by the electrostatic polarization energy around the hole.

Indeed, the creation of a punctual charge (hole) in a dielectric will polarize the surrounding volume (inducing an oriented array of dipoles). [START_REF] Egelhoff | Core-level binding-energy shift at surface and in solids[END_REF][START_REF] Winter | Photoemission from liquid aqueous solutions[END_REF] ∆E R , that takes the same mathematical form as the solvation energy of an ion in the Born model, [START_REF] Atkins | The Born equation and ionic solvation[END_REF] is proportional to the square of the charge e:

∆E R = 1 4π 0 1 2 1 - 1 r e 2 R ef f (I.2)
where 0 , r , R ef f are the vacuum dielectric constant, the relative dielectric constant, and the effective screening radius, respectively.

I.3 X-ray characterizations

• ∆E F considers the modification of the Fermi level position.

Chemical shifts are readily observable and interpretable in XPS spectra as core levels are discrete and generally of a well-defined energy. Atoms of a higher positive oxidation state exhibit a higher BE due to the extra coulombic interaction between the photoemitted electron and the ion core. This ability to discriminate between different oxidation states and chemical environments is one of the major strengths of the XPS technique.

Finally, the KE CO measurement (KE = 0) is used to determine the work function (Φ) of the sample. In this case, Equation (I.1) gives:

0 = hν -BE -Φ hν -Φ = BE hν -Φ = E F -KE CO Φ = hν -(E F -KE CO )
As already described, the energy level alignment at a metal/organic interface can be determined via the work function measurement. In this way, Φ is a key parameter for a better understanding of the interface.

I.3.2 Sampling depth

While probing surfaces with XPS, a useful signal is obtained from a depth of around 10 to 100 Å. The thickness of the layer that can be analysed is called the sampling depth which is related to the inelastic mean free path (IMFP) of the generated photoelectrons.

As described previously, electrons can undergo inelastic collisions before they escape the surface. The IMFP λ is defined as follows: the probability of suffering an inelastic scattering over an infinitesimal distance dx is dx λ . λ is also the average distance travelled by the electron before it suffers an inelastic loss.

The probability of the electron travelling a distance d through the solid without undergoing scattering is:

P (d) = exp -d λ
λ can be theoretically determined using Jablonski et al. works. [START_REF] Powell | Calculations of electron inelastic mean free paths from experimental optical data[END_REF][START_REF] Jablonski | Determination of the electron inelastic mean free path in solids from the elastic electron backscattering intensity[END_REF] The variation curve of the inelastic mean free path versus the kinetic energy of the photoelectron was calculated for ITO and the DIP molecules using TPP-2M method. We thus plotted in Figure I.16 the results for the different DIP derivatives and compared then to the theoretical curve for every chemical elements. At a given KE, λ DIP > λ ITO : for one given element for a specific photon energy, the depth analyse is thus bigger in an organic material in comparison with an inorganic one. Note that minimum IMFP, observed for a photoelectron KE of about 50 eV, can be obtained thanks to the synchrotron radiation tunability.
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X-ray experiments have been described here as a tool to analyse chemical environment (chemical shift) and electronic properties (work function measurement) to determine the energy level alignment. Yet, X-ray experiments can also be used as a tool to analyse the molecular orientation, a key parameter for organic electronics. 

I.3.3 X-ray absorption

I t = I 0 exp -µ(hν)ρl
where µ (hν) is the energy-dependent X-ray absorption coefficient, and ρ the material density.

Over large energy regions, the absorption coefficient (µ (hν)) is a smooth function of the photon energy, varying approximately as Z 4 m(hν) 3 . [START_REF] Als-Nielsen | Elements of modern X-ray physics[END_REF] Here Z and m are the atomic number and mass, respectively. Thus, µ (hν) decreases with increasing photon energy. Note that for multi-atom material, µ (hν) is determined using:

I.3 X-ray characterizations

µ (hν) = 1 M x i µ (hν) i M i
where M is the molecular weight of the compound, x i is the stoichiometric number, µ (hν) i the photoabsorption cross section (cm 2 • g -1 ) and M i the molecular weight of atom i.

If µ (hν) equals or exceeds the core electron BE a new absorption channel is available in which the photon is annihilated, thereby creating a photoelectron and a core-hole. This leads to a sharp increase in the absorption coefficient. The photoelectron will be excited to the unoccupied bound states of the absorbing atom depending on the photon energy.

Experimentally, we measured the optical density (OD) defined as:

OD = ln I 0 I t OD = µ (hν) ρl (I.3)
OD is thus directly proportional to µ (hν).

In addition to the information on the molecule electronic structure, XAS can also reveal information about their orientation. To do so, the polarization characteristics of synchrotron radiation are exploited. By taking absorption spectra measurements at two or more angles of incidence of the X-rays, the spatial orientation of an orbital can be extracted. Synchrotron radiation is almost linearly polarized in the plane. As it was previously described, the interactions between the substrate and the organic layer, and inside the layer itself, lead to three different growth modes.

To understand the ITO/DIPO-Ph 4 interface, it is important to characterize the electrode surface: roughness, contaminations, defaults. Before all further analyses, atomic force microscopy (AFM) was used to characterize both the ITO substrates and the organic layer morphology on ITO (Appendix B.3.1). In this first part, we will present the morphology of the ITO surface and the efficiency of the used cleaning process (Appendix A.1).

AFM images of the bare ITO show many light dots, which are attributed to contamination clusters. After the cleaning process, no cluster appears on the ITO surface. The chemical cleaning is efficient as the ITO surface appears without particle contamination.

The ITO roughness is 1 nm and the surface shows a granular morphology. This was al-

II.1 ITO/DIPO-Ph 4 layer morphology

ready observed in the literature for sputtered ITO. [START_REF] Hamberg | Evaporated Sn-doped In2O3 films: Basic optical properties and applications to energy-efficient windows[END_REF][START_REF] Morales | Surface structure of Sn-doped In2O3 (111) thin films by STM[END_REF] Besides, we performed some current-sensing AFM (CS-AFM). The sample is biased and the AFM tip is grounded.

This means that for a negative bias, electrons are travelling from the substrate to the tip, and in the opposite direction for a positive bias. Concerning the current image color appearance, the color scale for the negatively biased image has been reversed in comparison to the positively biased image so that the current minimum is blue in each case and the absolute current maximum is red. The current images are represented between 0 and (-)1 nA to correlate the observation with the ITO granular morphology, but the observed maximum current is +25 nA and -25 nA for the positively and the negatively biased image, respectively. CS-AFM images show that the conduction is clearly happening through the ITO grains.

We are thus able to get a cleaned ITO surface with a small roughness despite a granular surface. The CS-AFM experiments confirm the metallic behaviour of the ITO although it is a doped n-type SC. The Sn doping of the commercial ITO is efficient to make ITO conductive. We will now focus the analysis of DIPO-Ph 4 on ITO samples in order to investigate the organic layer morphology.

Several samples were prepared with a change in the deposited organic material DIP amount. The weight, followed by a quartz balance (QB), increases per surface unit during the time evaporation (Appendix B.1). It is then converted into a molecular surface density using the density given by XRD experiment. [START_REF] Chasseau | Tétraphényldipyranylidène (Dip-Ph4)[END_REF] The different samples are named by their QB-coverage We studied three different samples: a "thin" layer of 0. The molecular coverage, expressed in molecule • cm -2 (QB-coverage), is obtained from the quartz balance monitor. estimated at 7.1 × 10 15 molecule • cm -2 which is less than the QB-coverage. For this layer set, AFM measurements agree quite well with QB-coverages. An increasing error is observed with the increasing coverage, which may be due to an approximate QB parameter set up.

In the following, we will describe the growth mode. As presented in Chapter I. For the DIPO-Ph 4 layers, as soon as deposited, islands are formed with an average height > 10 nm. The molecule/interface is thus seen only at the island rings. To perform a deeper analysis, it would be interesting to decrease the average cluster height. We were also interested in increasing the material crystallization speed. To do so, we performed some thermal annealing treatments.

II.1.2 Access to the first deposited layer and to the crystallized material

Two kinds of treatment were performed:

• One after the evaporation, in ambient pressure condition at a temperature near the evaporation temperature of the DIPO-Ph 4 (T ≥ 170 • C) to perform some molecular desorption and access to the first deposited layers (ITO/DIPO-Ph 4 interface).

• One during the evaporation, i.e. evaporation on hot substrate (T = 100 • C), to bring some energy to the system and increase the growth speed (thermodynamic equilibrium).

This study was performed while replacing the ITO substrate by a very thin (100 nm) nitride silicon (Si structures that are more elongated than in the previous cases. sample is concerned, there is no homogeneous desorption as the intermolecular interaction compete with the desorption effect. In this case, the post-annealing treatment leads to the formation of large DIPO-Ph 4 islands which do not entirely cover the substrate. Note that, the 10 × 10 15 molecule • cm -2 sample prepared under thermal annealing can be used as a reference sample for crystallized DIPO-Ph 4 structure.

II.2 Molecular orientation

II.2.1 Molecular description

To perform XAS spectroscopy, it is important to understand the electronic mechanisms which take place during the absorption process. Density functional theory (DFT) calculations were used to describe the empty molecular states (LUMOs) localized on the carbon and the oxygen atoms of DIPO-Ph 4 structure (Figure II.4). Furthermore, it was useful to visualize the concerned molecular orbital (MO) to obtain information on the molecular orientation. Indeed, to determine the molecular orientation inside the clusters, we must be sure that there is a MO with one main direction in the molecule geometry. The geometry of the free molecule was previously described: four Ph groups almost parallel to the DIP core. Consequently, there is one main plane following the DIP core and four other planes following each of the four Ph groups. Thus, for the π * DIP MOs there is one main direction which is perpendicular to the DIP core. On the contrary, for the π * Ph MOs, there is no main direction. Finally, the π * DIP+Ph MOs have no main orientation because they are localized both on the DIP core and on the Ph groups.

In the following, we will describe the absorption transition. The X-ray absorption results in the electron transition from the core level to the empty state. Thus, the absorption efficiency depends on the energy level of the empty states. It will also rely on the relative geometry between the electrical component of the X-ray beam and the direction of the MOs. Therefore, for the DIPO-Ph 4 structure, the absorption will be high if the polarization is parallel to the π * DIP , i.e. perpendicular to the molecule. In other terms, with an X-ray beam normal to the surface (polarization parallel to the surface) there will be a high absorption at π * DIP energy if DIPO-Ph 4 molecules are perpendicular to the surface (π * DIP parallel to the surface).

II.2 Molecular orientation

II.2.2 Absorption spectroscopy

Thanks to absorption spectroscopy we saw that we can access the molecular orientation inside the layer. Such information will be important to know, as a good crystallization can lead to a better charge conduction. In this context, we can stress upon the significance of an adapted characterization tool, such as scanning transmission X-ray microscopy (STXM) that has the potential to disentangle molecular domain orientation information in thin films. DIP is ∼3 eV. This value is 1 eV higher than the theoretical one. More LUMOs than the 2 calculated ones (+5 and +6) must thus participate to the π * DIP+Ph transition. In the absorption spectra, we also focused on the contribution of the π * transition in comparison to the σ * one (Table II.1). The intensity of the σ * transition remains identical between spectra extracted from Top to E1 regions. This intensity was used as a reference to evaluate the π * transition in the different regions. The π * /σ * ratio decreases from Top to E1 (from 26 % to 21 %). This evolution is mainly due to a decrease of the π * DIP transition (from 11 % to 8 %). This transition is the only one which can be used to access the molecular orientation. Thus, in the organic layer, there is an evolution in this orientation from the edge to the top of the cluster. In the latter (top region), molecules are perpendicularly oriented to a higher degree than in the edge. This implies a change in the orientation between the layer near the substrate and the top layers.

The analysis of the post-annealed sample (Sample B) could allow us to extract information on the first evaporated layers. Unfortunately, the small amount of organic From the thickness STXM images of Sample A and B with a tilted X-ray incidence angle (A' & B'), we observe that 3D clusters appear with a bigger average height: 40 nm and 20 nm, for A' and B', respectively. Indeed, in this case there is a bigger depth penetration in the molecular material. It results in a bigger absorption which leads to an increase of the apparent thickness.

The analysis of Sample A analysis with the tilted incidence angle leads to the same results as with the normal incidence angle (see Table II.1). There are no big changes from the previous results as we chose a small tilt angle.

For Sample B, the σ * transition is much higher than in Sample A, and a decrease from the top to the edge of the π * is also observed (from 11 % to 7 %). The change from edge In this sample, π * absorption is greater at the Top and on the plateau (P). However, in a valley (V), the π * absorption decreases from 30 % to 26 %. This confirms the change of morphology.
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II.2 Molecular orientation

Let us focus now on Sample D to get the absorption spectra of a crystallized cluster. The absorption spectra were obtained following a similar treatment than Sample A (PCA).

As there is a better energy resolution due to a better absorption, spectra have been fitted With these samples, we obtained two opposed molecular orientations: one which present parallel molecules on top of the surface (Sample B) and another in which the organic mounds are directly crystallized as soon as deposited on the substrate (Sample D).

II.2 Molecular orientation

We are thus able to tailor the molecular orientation thanks to the evaporation conditions.

With the perspective of organic electronics, it is important to control the morphology and the molecular orientation to enhance, for example, the charge mobility through the organic layer.

We assume that on ITO, the same observation would be seen. Indeed, the surface energy between an oxide and an air exposed silicon nitride must be similar. 

III.1 ITO characterization

It is important to fully characterize and confirm the electronic properties of ITO substrate: it must be metallic with a partially filled CB. For this measurement, the ITO substrate has been cleaned right before its introduction in the analyse chamber of the TEMPO beamline (Appendix B.3.3 and Appendix B.5.2).

III.1.1 Electronic properties

The ITO XPS overview (Figure III.1) shows all the different core levels that can be analysed. The C 1s peak due to carbon contamination is small in comparison with the indium peak. We will further discuss this point in the study of the ITO/DIPO-Ph 4 interface.

The In 3d 5/2 spectra of the bare, chemically cleaned surface are presented in Figure III.2a). To reach "surface sensitive" conditions, a photon energy of 600 eV is used, corresponding to a photoelectron kinetic energy (KE) of ∼155 eV and a calculated IMFP λ ITO of ∼0.56 nm (see Figure I.16). More "bulk sensitive" conditions are obtained with photons of energy 825 eV, corresponding to a photoelectron KE of ∼380 eV and a λ ITO ∼0.92 nm. Both spectra present an asymmetry towards higher binding energy (BE), but the spectrum measured in more 'bulk sensitive" conditions at hν = 825 eV is more asymmetric. This indicates that the electronic structure changes from the surface to the inner layers. The observed asymmetry is related to the electronic structure of the material and not to surface contamination. Indeed the In 3d spectra, unlike the O 1s ones, are not sensitive to adsorbed species. [START_REF] Harvey | Surface versus bulk electronic/defect structures of transparent conducting oxides: I. Indium oxide and ITO[END_REF] The attribution of the observed asymmetry to plasmon losses has now gained wide acceptance. [START_REF] Egdell | Dopant and Defect Induced Electronic States at In2O3 Surfaces[END_REF][START_REF] Christou | High resolution x-ray photoemission study of plasma oxidation of indium-tin-oxide thin film surfaces[END_REF] The plasmon frequencies (below 1 eV) in ITO are significantly smaller than that of classical metals, due to the lower electron density. Fitting procedures, however, differ according to authors. Christou et al. [START_REF] Christou | High resolution x-ray photoemission study of plasma oxidation of indium-tin-oxide thin film surfaces[END_REF] and Körber et al. [START_REF] Körber | Electronic structure of In2O3 and Sn-doped In2O3 by hard X-ray photoemission spectroscopy[END_REF] fit the In 3d 5/2 spectrum with two Voigt components. The Voigtian is a weighted sum of a Gaussian and of a Lorentzian (the Lorentzian fraction as a free parameter), the low binding energy component being prevalently Gaussian. On the other hand, Gassenbauer et al. [START_REF] Gassenbauer | Surface states, surface potentials, and segregation at surfaces of tin-doped In2O3[END_REF] use three Voigt functions, constrained to have the same width and the same Gaussian/Lorentzian ratio, one main peak and two plasmon losses ( ω p and 2 ω p ). Naturally the value of ω p depends on the procedure. Here we adopt the same procedure as that used by Gassenbauer et al., [START_REF] Gassenbauer | Surface states, surface potentials, and segregation at surfaces of tin-doped In2O3[END_REF] i.e. a fit with three Voigt components of equal widths (Table III.1), corresponding to the well-screened peak (at lower BE) and to the first and second plasmon peaks.

The fact that the first plasmon peak intensity increases in more bulk sensitive conditions, can be related to a decrease in the carrier concentration n within the bulk layers. [START_REF] Egdell | Dopant and Defect Induced Electronic States at In2O3 Surfaces[END_REF] This should be accompanied by a reduction of the plasmon energy, which is indeed observed ( ω p decreases from 0.75 eV to 0.69 eV). Note that an increased doping at the surface, leading to a higher carrier concentration, may be related to the segregation of Sn between peak I and peak II. This is reminiscent of what is observed for the plasmon loss energy in the In 3d 5/2 spectra that is greater at the surface than in the bulk. However, 1.07 eV is a too large value for the plasmon energy. It is likely that peak II encompasses both the plasmon peak and a component due to defects (e.g. suboxides [START_REF] Bermudez | Functionalization of indium R-11 tin oxide[END_REF]), the latter being more abundant at the surface. Surface contamination by oxygenated species can be estimated from the atomic ratio r O/In (λ ITO ∼0.47 -0.56 nm). The latter is calculated from O 1s intensity and In 3d at hν = 600 eV, corrected from cross-section variations.

r O/In is ∼1.8, very close to 1.7, the value expected for the In 2 O 3 stoichiometry. This indicates that the contribution of the oxygen contamination is small.

III.1.2 Carrier concentration

The In 3d peak highlights that there would be a tin segregation at ITO surface. As the carrier concentration depends on the Sn doping, it is crucial to probe a possible in-depth variation of the Sn concentration (see Ref. 4d, [START_REF] Yeh | Atomic subshell photoionization cross sections and asymmetry parameters: Z from 1 to 103[END_REF] we have calculated the r Sn/In values reported in Table III 2.

For the chemically cleaned ITO, we find a value of 0.100 -0.108 in surface sensitive conditions (hν ≥ 825 eV), in excellent agreement with the r Sn/In value of 0.102 calculated
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for tin oxide weight of 10 % in indium oxide. The higher r Sn/In value of 0.128 obtained in surface sensitive conditions hν = 60 eV), indicates Sn segregation at the substrate surface.

This segregation was already reported by Gassenbauer. [START_REF] Gassenbauer | Surface states, surface potentials, and segregation at surfaces of tin-doped In2O3[END_REF] An estimate of the charge carrier concentration n of the chemically cleaned sample can be deduced from the plasmon energy ω p : [START_REF] Ibach | Solid-state physics: An introduction to principles of materials science[END_REF] 

n = ω p 2 0 ∞ m * c e 2
where m * c is the reduced mass of the electrons localized in the CB (0.35m e -with m e - electron mass [START_REF] Egdell | Dopant and Defect Induced Electronic States at In2O3 Surfaces[END_REF][START_REF] Christou | High resolution x-ray photoemission study of plasma oxidation of indium-tin-oxide thin film surfaces[END_REF]), 0 the vacuum permittivity, ∞ the relative dielectric constant at high frequency (∼4) [START_REF] Egdell | Dopant and Defect Induced Electronic States at In2O3 Surfaces[END_REF][START_REF] Christou | High resolution x-ray photoemission study of plasma oxidation of indium-tin-oxide thin film surfaces[END_REF] and e the elementary charge. The ω p value of 0.69 eV leads to a concentration of charge carrier of about 4 × 10 20 cm -3 at the surface. This value is an order of magnitude smaller than the Sn concentration of 4 × 10 21 cm -3 . This is usually explained by the fact that Sn-donors can form neutral clusters with oxygen interstitial acceptors. [START_REF] Klein | Transparent conducting oxides for photovoltaics: Manipulation of fermi level,work function and energy band alignment[END_REF] As a complement, from the concentration value, we calculated the difference between the Fermi level and the conduction band minimum (E CBm ):

E F -E CBm = 2 2m * vc 3π 2 n 2 3
where:

1 m * vc = 1 m * v + 1 m * c (m * vc = 0.55m e -)
The magnitude of the shift depends on both m * c and m * v (reduced mass of the electrons localized in the VB). Note that in that case, m * v is negative, i.e. the valence band shows upward rather than downward dispersion. However, this analysis ignores the fact that doping leads to a shrinkage or renormalization of the gap between the bottom of the conduction band and the top of the valence band. [START_REF] Abram | Heavily doped semiconductors and devices[END_REF][START_REF] Berggren | Band-gap narrowing in heavily doped manyvalley semiconductors[END_REF] The Fermi level is found to be 0.3 eV above the minimum of the CB. As the magnitude of the shift of the valence band edge in a photoemission experiment depends only on m * c , the measurement of the valence spectra at Fermi level will give a higher value. [START_REF] Egdell | Dopant and Defect Induced Electronic States at In2O3 Surfaces[END_REF][START_REF] Hamberg | Evaporated Sn-doped In2O3 films: Basic optical properties and applications to energy-efficient windows[END_REF] 

III.1.3 Electron energy level scheme

The valence band spectra of the chemically cleaned ITO substrate measured at a photon In 4d states. [START_REF] Körber | Electronic structure of In2O3 and Sn-doped In2O3 by hard X-ray photoemission spectroscopy[END_REF][START_REF] Sabino | Role of atomic radius and d -states hybridization in the stability of the crystal structure of M2O3 (M=Al, Ga, In) oxides[END_REF] From the valence band edge, at a BE about 3 eV, a "tail" extends into the oxide gap.

The origin of these gap states, that we observe up to about 1.2 eV (see Figure III.4a)) is yet unclear: mixed 5s/5p states of surface In + lone pairs on the one hand, bulk oxygen vacancies and oxygen interstitials on the other hand. [START_REF] Egdell | Dopant and Defect Induced Electronic States at In2O3 Surfaces[END_REF][START_REF] Braun | In-gap states of In2O3 single crystals investigated by scanning tunneling spectroscopy[END_REF][START_REF] Ágoston | Geometry, electronic structure and thermodynamic stability of intrinsic point defects in indium oxide[END_REF] The valence band maximum energy (E VBM ) can be determined by fitting the valence band with two broad Gaussians, one representing the O 2p valence band edge and one the gap states, [START_REF] Gassenbauer | Surface states, surface potentials, and segregation at surfaces of tin-doped In2O3[END_REF] see Figure III.4a). A value of 3.14 eV for the O 2p E VBM is determined. A comparison with the UPS and XPS measurements made by Gassenbauer et al. is relevant for the discussion on the band level scheme. The E VBM value we find is bracketed between an E VBM of 3.54 eV for a magnetron-deposited reduced film (sputtering in argon, emission at Fermi level) and an E VBM of 2.94 eV for a film grown in more oxidative conditions (sputtering in 1 % O 2 /Ar, no emission at Fermi level). [START_REF] Gassenbauer | Surface states, surface potentials, and segregation at surfaces of tin-doped In2O3[END_REF] With an E G value of ∼2.8 eV, the E F -E VBM in the range 3.0 -3.2 eV points to a Fermi level in the conduction band. This is consistent with the In 3d 5/2 peak maximum at 444.63 eV that falls in between that of the film sputtered in pure Ar (444.93 eV, emission at Fermi level) and the one sputtered in the 1 % O 2 /Ar mixture (444.63 eV, no emission at Fermi level). Therefore, the In 5s states forming the conduction band should be occupied, considering the small E G value that is now adopted. At hν = 60 eV (Figure III.4a)), we see an extremely weak photoemission signal at the Fermi level due to the low σ In 5s /σ O 2p ratio. We only see an appreciable density of state at E F when hν is equal to 850 eV (Figure III.4b)), confirming the metallicity of the substrate. Cross sections decrease dramatically with increasing photon energy; we can thus anticipate a higher difficulty to probe conduction band states at higher photon energies. However, the cross section for In 5s states (and to a lesser extent In 5p and In 4d states) decreases much less rapidly than the cross section for O 2p states with increasing photon energy. At 850 eV the σ In 5s /σ O 2p ratio is 1.5. Consequently, the intensity of conduction band states relative to the background coming from valence band states improves with increasing photon energy. As mentioned in previous paragraph, the In 5s width which is > 0. 

III.2 ITO/DIPO-Ph 4 interface

The present study examines the growth of an ITO/DIPO-Ph 4 interface. The evaporation of 1 × 10 15 , 2 × 10 15 , and 3 × 10 15 molecule • cm -2 (QB-coverage) samples described in this chapter was done in the preparation chamber of the TEMPO beamline (SOLEIL) on freshly cleaned ITO substrates (Appendix C.1). Then, the samples were directly transferred to the analyse chamber without breaking vacuum. The morphology is slightly different due to a change in the molecular beam incidence and distance to the ITO substrate.

Besides, 1 × 10 15 , 8 × 10 15 , and 10 × 10 15 molecule • cm -2 samples were also prepared in our well-controlled evaporation system and then introduced in the XPS analyse chamber after air exposure. We compared the samples prepared in situ and ex situ to see the air exposure effects (Appendix C.2). As no differences were observed, we present here the results for the in situ samples and, as a "thick" reference, the 10 × 10 15 molecule • cm -2 samples. The 8 × 10 15 molecule • cm -2 sample was used for the study of beam damage effects on the O core level. The C 1s spectra do not exhibit any BE shift, from We have also verified that the appearance of O2 is not trivially due to beam damage (see This must be discarded as the purity of the material was checked by NMR and elementary analysis (Appendix A.2). There is no contamination detected. The presence of background impurities co-adsorbed with DIPO-Ph 4 , is not realistic as the evaporation was carried out in a UHV system. Therefore, we must consider that the molecule is present The molecule can be altered by a chemical reaction with species released by the ITO substrate. Indeed, aggressive oxygenated species on the ITO substrate (e.g. generated by UV ozone treatments) can break the bonds of organic molecules and oxidize them. [START_REF] Gassenbauer | Electronic and chemical properties of tin-doped indium oxide (ITO) surfaces and ITO/ZnPc interfaces studied in-situ by photo-R-2 electron spectroscopy[END_REF] The C -O bond of the ether moiety may break leading to the insertion of further oxygen. Indeed, BE of 532.2 and 533.7 eV are found for the carbonyl and ether type oxygens in ester groups of polymers, respectively. [START_REF] López | XPS O 1s binding energies for polymers containing hydroxyl, ether, ketone and ester groups[END_REF] Against this view, there is no indication for a carboxylic/carboxylate peak at ∼289 eV in the C 1s spectrum as shown in Figure III.6a), and the r O2/(O1+O2) ratio is not fixed at 0.5. Other species could diffuse away from the substrate. For instance indium atoms are reported to penetrate deeply into molecular solids such as PTCDA when an indium metal layer is deposited upon it. [START_REF] Hirose | Chemistry, diffusion, and electronic properties of a metal/organic semiconductor contact: R-12 In/perylenetetracarboxylic dianhydride[END_REF] Tin atoms are less prone to diffuse into PTCDA. [START_REF] Hirose | Chemistry and electronic properties of metal-organic semiconductor interfaces: Al, Ti, In, Sn, Ag, and Au on PTCDA[END_REF] The presence of indium in the molecular solid should be noticed by new components appearing in the In 3d 5/2 spectrum when the DIPO-Ph 4 is added, which is not the case. The same observation can be made for the Sn 3d peak that is not affected by DIPO-Ph 4 deposition (Figure III.5b)), apart from the +100 meV BE shift after deposition of the first layer (1 × 10 15 molecule • cm -2 ).

III.2.1 Core levels XPS spectroscopy

The alternative hypothesis to the chemical reaction is that of a charge transfer from The 1s ionization energies (IP ) are calculated as the difference between the energy of the species having a 1s core-hole (final state) and the energy of the species in its ground state (initial state). For the neutral molecule (IP neutral,gas core ), the final state is a doublet.

For the cation (IP and IP neutral,solid core are the ionization energies (measured from the vacuum level) in the solid of the cation and the neutral species, respectively.

A polarization energy ∆E R of ∼1.2 eV explains why the calculated energy difference of 3.8 eV between the cationic and neutral species calculated in the gas phase can be reduced to 1.5 eV in the solid state. Therefore, the charge transfer hypothesis must be regarded as likely. Nevertheless, we must check the consistency of two "charge state" model for the C 1s spectra.

In the DFT framework, we also theoretically calculated the C 1s IP neutral,gas core and triplet-state IP cation,gas core of selected atoms in the molecule. We distinguish three atoms, one labelled Carb1 pertains to the phenyl ring and the two others, Carb2 (central atoms)

and Carb3 (ether bond), pertain to the dipyranylidene core, see Figure III.9a). The calculated energies are reported in Table III.7.

For the neutral molecule, the triplet-state DFT IP of the central atoms is slightly shifted with respect to that of the phenyl carbons (by -0.1 eV), while that of the ether carbon is 1.5 eV higher, as experimentally observed. In contrast, for the cationic species,

the 

IP

III.2.2 Valence band energy level

We now focus on changes in the electronic structure of the valence band. With respect to the substrate spectrum prior to deposition, the valence band spectra measured at We have tried to calculate the DFT ionization energy of molecular orbitals (neutral and cationic state) that are essentially localized on phenyls. The calculation of the doubly ionized states does not converge, because the phenyl localized orbitals pertain to a manifold of levels with very close energies. Nevertheless, the difference in the ionization energies between the neutral state and the cationic state may be expected to be lower than in the case of the highest energy levels (HOMO and SOMO), since the charge appearing on the phenyl is spatially remote from the electron vacancy localized on the core of the molecule. The latter point is clearly demonstrated by the valence band spectra of

III.2 ITO/DIPO-Ph 4 interface

DIPS-Ph 4 films we present in Figure V.8.

III.2.3 Electron energy level scheme

The SEEDC of the deposits 1 × in the neutral ground state, and therefore the measured HOMO binding energies are relevant to discuss transport properties, in particular the transport gap of molecular solids, when inverse photoemission spectroscopy data about the lowest unoccupied molecular orbital (LUMO) energy are also available. However, as E F approaches the HOMO, this molecular level is partly emptied due to a charge transfer to the substrate, but the spectroscopic level H(+) (a doubly ionized final state) will appear below the HOMO due to the strong hole-hole interaction. This is a common observation in UPS spectroscopy, when SOMOs are concerned (a good example is the valence band spectroscopy of copper phthalocyanine [START_REF] Evangelista | Electronic structure of copper phthalocyanine: An experimental and theoretical study of occupied and unoccupied levels[END_REF]).

Let us first consider the E F -HOMO (neutral) energy offset. As the HOMO (neutral)

is below the Fermi level by at least 0.7 eV (edge), there is no barrier to collect holes from the DIPO-Ph 4 layer into the ITO substrate, as expected. It is also worth noticing that E F -HOMO (neutral) is also the hole injection barrier (∆ h ) from ITO to the molecular solid. The low value of 0.7 eV (edge) make it interesting for organic light-emitting diodes, As discussed before, given the UHV deposition conditions, DIPO-Ph 4 should be undoped and moderately conductive. It is only when it meets the substrate that it can transfer electronic charge and become a cation. This is a particular case of doping, different from the classical molecular doping, [START_REF] Lee | Interfacial doping for efficient charge injection in organic semiconductors[END_REF]110,111] where acceptor or donor molecules are inserted into the organic semiconductor host. A significant difference with molecular doping is the absence of negatively charged recombination centres in the film itself. Thin layers in contact with the substrate may have a high hole conductivity.

III.3 Charge transfer from DIPO-Ph 4 to ITO

Finally, we were interested in charge-transfer dynamics between ITO and the DIPO-Ph 4 layer. In fact, the performance of organic-based electronic devices relies on efficient charge transport across hybrid interfaces where electronically different materials couple; such interfaces often represent a bottleneck in the overall performance of organic electronic and photovoltaic devices.

[112] Charge transfer (CT) across interfaces is most easily studied using small aromatic molecules that can form ordered molecular films on a variety of substrates. Often, such systems exhibit rather uniform coupling schemes to metal electrodes,

III.3 Charge transfer from DIPO-Ph 4 to ITO

as well as to other molecules, thereby minimizing structural disorder, which is a major limiting factor in the device performance. [START_REF] Barth | Molecular Architectonic on Metal Surfaces[END_REF][START_REF] Schreiber | Structure and growth of self-assembling monolayers[END_REF] Such ordered prototypical systems open the possibility to experimentally address charge transport phenomena on the molecular level using X-ray based spectroscopy techniques. [START_REF] Brühwiler | Charge-transfer dynamics studied using resonant core spectroscopies[END_REF][START_REF] Menzel | Ultrafast charge transfer at surfaces accessed by core electron spectroscopies[END_REF][START_REF] Gallet | Resonant Auger spectroscopy of solid acrylonitrile at the N K-edge[END_REF][START_REF] Gallet | Resonant Auger spectroscopy of poly(4hydroxystyrene)[END_REF][START_REF] Gallet | Resonant Auger spectroscopy study of charge transfer phenomena in N 1s core-excited acetonitrile adsorbates on Si(001)-2×1[END_REF][START_REF] Cao | Quantitative Femtosecond Charge Transfer Dynamics at Organic/Electrode Interfaces Studied by Core-Hole Clock Spectroscopy[END_REF][START_REF] Cvetko | Ultrafast electron injection into photo-excited organic molecules[END_REF] 

III.3.1 Resonant photoemission spectroscopy

Auger or valence photoemission in the so-called resonant regime are observed when the photon energy is set at, or scanned across, a resonance in the X-ray absorption spectrum, i.e. when the core electron is lifted to unoccupied levels of antibonding π nature, forming bound states below the ionization potential. These states were previously described via STXM study (π * DIP , π * Ph , and π * DIP+Ph ). Before entering into the details of the resonant spectroscopy and the information it brings about the fate of the lifted electron, we devote a few words to describing the operating mode of resonant photoemission electron spectroscopy (ResPES), that we carried out at the TEMPO beamline (SOLEIL synchrotron) dedicated to such experiments. The X-ray absorption coefficient measurements can be carried in transmission, but this technique requires sufficiently thin materials. This technique is obviously not convenient to use in the present case (we cannot use detached DIPO-Ph 4 thin films and the interface ITO/molecule is of high interest). We must rely on electron yield techniques by placing a detector collecting electrons emitted from the sample surface. The idea is that the absorption coefficient is proportional to the electron yield. The detector can be very cheap and simple (a channeltron, a microchannel plate) or much more sophisticated (an electron analyser). The total electron yield (TEY) detection can be used when the detection does not require the knowledge of the electron energies. All emitted electrons are collected: photoelectrons, Auger electrons (see below) and secondary electrons. The yield being dominated by the very low energy secondary electrons, and the probed material thickness being large, a few tens of nm, [START_REF] Stöhr | NEXAFS Spectroscopy[END_REF] this is not a surface sensitive technique.

The Auger yield measurement needs a sophisticated electron analyser, as the Auger kinetic energy window is recorded. First, we recall what the Auger process is. X-rays are absorbed through excitations of core electrons to empty states above the Fermi level. In the Auger decay, after a short time of the order of 10 -15 s, the core-hole is filled by an electron from a higher energy state. Using an energy electron analyser, the Auger energy window can be recorded, and integrated, to give the Auger electron yield (AEY). The AEY is made of electrons with kinetic energies in the 240 -280 eV energy range for C (KLL) and in the 480 -520 eV for O (KLL), corresponding to relatively short inelastic mean free path of 1.0 -1.7 nm. In comparison with the TEY, the AEY can be considered as surface sensitive.

We present in Figure III.12, the absorption spectra obtained from AEY experiments and the transitions already observed via STXM measurements.

Let us discuss in more detail the spectroscopic aspects of the experiment. When the energy of a photon is much higher than the ionization potential, the electron is ejected from the material, which leads to a one core-hole (h) state. In the Auger decay process, the initial state is the core-ionized state. The "normal" Auger channel leading to a 2h (two holes) final state. Then the emitted Auger electron is characterized by a specific KE (see left part of Figure III.13) that is simply equal to the difference between the energy of the initial (h) core-ionized state and that of the final (2h) state.

When the photon energy is smaller than the ionization threshold, the electron is lifted to an unoccupied level, creating a bound state. There, it may remain as a spectator of the Auger process. Then the initial state is the "excitonic state", one core-hole one electron state (1h1e) and the final state is a two-hole one-electron (2h1e) final state. The KE of the spectator Auger is simply the energy difference between the former and the latter.

The electron may also transfer out of the unoccupied state, before the normal Auger decay leading to a 2h final state. At a given resonance photon energy, the 2h1e spectator Auger Because the two final states are identical, although stemming from two different channels, the wave functions can interfere. Therefore, valence states can resonate and their intensity can be exalted.

To introduce the concept of measuring charge-transfer dynamics via core excitation, also called the core-hole clock method, we also present in Figure III.13 (right part) the case in which the excited state of a small system is coupled to a larger system (the substrate or the molecular material itself). Consider that the lifted-up electron is removed before the Auger decay occurs with a charge transfer time of τ CT (in other words the probability of being removed during an interval of time dt is dt/τ CT ). Once the electron is transferred out of its level, a "normal" 2h final state Auger decay is observed. Any process that entails the effective removal of the excited electron from the vicinity of the core hole (coupling to the greater environment) leads to a quenching of the resonant channels. Therefore, if the charge transfer time is neither infinitely small (normal Auger, plus resonant valence band state) nor infinitely long (pure spectator Auger), the result will be a mixture of both normal and resonant Auger (affected by the spectator shift). To observe such a mixture, the charge transfer time must be of the order of the core-hole lifetime, i.e. a few femtoseconds for C and O 1s levels. 

τ CT = I Res I Aug τ C

III.3.2 ITO/DIPO-Ph 4 interface

To gain information on the charge transfer time from the organic materials to either the ITO substrate or the molecular solid itself, two different DIPO-Ph 4 samples were studied.

To be sensitive to the metal/organic interface, we studied a 2 × 10 15 molecule • cm -2 (QBcoverage) deposit with a 50 % coverage and an average cluster height of 20 nm. Such deposits present appreciable contributions of aureoles around the mounds, where the films are thin enough to observe modifications of the organic molecules by the TCO. For the sake of comparison, we studied a "thicker" 10 × 10 15 molecule • cm -2 sample characteristic of the unaltered film. In this case, the DIPO-Ph 4 layer almost entirely covers the ITO substrate with an average height of 50 nm. shows a main resonance at a photon energy corresponding to π * DIP transition (∼285 eV). Finally, the Auger spectrum does not show any "normal" Auger decay around the π * DIP transition, which indicates that the lifted electron remains in the π * DIP level for much longer times than the core-hole decay characteristic time (8 fs). [START_REF] Yeh | Atomic subshell photoionization cross sections and asymmetry parameters: Z from 1 to 103[END_REF] There is no observable charge transfer to the molecular continuum.

Let us now focus on the "thinner" deposit (2 × 10 15 molecule • cm -2 ). For this sample, the In 4d signal is detected as the organic layer does not cover the entire ITO surface (Figure III.15b)). Yet, the results and the conclusion are identical to those drawn from the study of the thickest deposit. A spectator shift is also observed and we found 3 participant decays (Figure III.16). Therefore, there is no charge transfer: neither to the molecular continuum, as it was already observed with the bulk sensitive sample, nor to the ITO substrate continuum.

b) O K-edge

To confirm the C K-edge results, we also performed the measurements at the O K-edge.

The O 1s spectrum for this sample shows two O components (O1 and, at 1.2 eV above, O2) andc)), the O Auger is shifted up in kinetic energy with respect to the "normal" Auger. This indicates a spectator Auger. At the π * DIP transition, there is no charge transfer to the molecular extended states or to the ITO substrate, as already seen in C K-edge ResPES. However, in contrast to the C K-edge case, no participant channels are observed. We are inclined to think that the unoccupied MO to which the participator electron is promoted, and the occupied MOs localized on the O site have very different spatial extent. [START_REF] Gallet | Resonant Auger spectroscopy of solid acrylonitrile at the N K-edge[END_REF] The morphology of the "thinner" deposit (2 × 10 15 molecule • cm -2 QB-coverage) is dominated by high 3D clusters (20 nm), characteristic of the unaltered molecular film, thus ultra-thin layers, in which possible charge transfer phenomena in the core-excited state could be observed, do not contribute enough. Remember that the Auger analysis is rather surface sensitive due to the kinetic energy of the electrons. In further analyses, we plan to study samples prepared with a post annealing treatment with lower-height clusters as it was described in the morphology section (Chapter II.1.2).

III.3 Charge transfer from DIPO-Ph

Besides, the BE of the C 1s (DIP core) carbons is 285 eV, corresponding to an IP core of 285 + 3.9 = 289.9 eV. Therefore, (i) the resonance energy with respect to vacuum level of the π * DIP is 3.9 eV as the absorption transition energy C 1s to π * DIP is 285 eV; (ii) the core-exciton state is within the HOMO-LUMO gap (IP v -EA c = 4.6 -2.6 eV, with a gap of 2 eV). The absence of delocalization is thus understandable as the energy needed to remove an electron from the π * DIP to an unoccupied level far away is at least 3.9 -2.6 = 1. In these core-hole clock experiments, we observe a core-exciton with an electron charge transfer time much longer than the femtosecond. However, in opto-electronic devices, excitations are valence excitations not core excitations. Do valence excitons in DIPO-Ph 4 present the same energy and spatial characteristics of core excitons? For large conjugated molecules (this is the case of DIPO-Ph 4 ), or more generally for well screened systems, one considers it to be true. [122] This makes the core-hole clock method a method of simple implementation compared with the pump-probe approach, especially at a fs time-scale that cannot be addressed with the time structure of 3 rd generation synchrotrons. However, other longer time-scales are crucial to examine in the molecular crystals, especially when transport is concerned. This was the aim of a pump (laser)-probe (synchrotron radiation) experiment we carried out at SOLEIL. of new valence states (i.e. the LUMO) and estimate the characteristic lifetimes of the excited states. [START_REF] Long | Excited-state photoelectron spectroscopy of excitons in C60 and photopolymerized C60 films[END_REF] Probing the core levels is performed most of the time in relation with photovoltage studies. Here we also examine changes in the C 1s core level during ON/OFF laser cycles. Our idea was that the core level could be sensitive (i) to changes brought by photoconductivity (small charging effects in the material could be eliminated by the creation of carriers under illumination), (ii) to photovoltage (changes in "band bending") and (iii) to changes brought by the excited e-h state itself. In cases (i) and (ii), the shape of the C 1s peak is not affected, only its binding energy position varies. In case (iii) we bet on a change in the C 1s spectral shape due to the formation of the exciton. The rationale was the following: the binding energies of the various chemically inequivalent carbon atoms (e.g. DIP core, phenyl wings, etc.) could indeed be perturbed by the formation of the excited valence state. Indeed we already know (see Chapter III.2.1c)) from DFT calculations that the binding energies of the C 1s components of the valence ionized molecule (HOMO) are at different positions with respect to those of the ground state neutral molecule. In any case we hoped to see something interesting, case (iii) being a novelty in the field of pump-probe experiments.

III.3 Charge transfer from DIPO-Ph 4 to ITO

III.3.3 Pump-probe experiments

The laser power was set up at 5 mW to avoid any damage under laser illumination.

We now focus on the photoconductivity effect that we mentioned earlier. It is an optical and electrical phenomenon in which a material becomes more conductive due to photon absorption. When light is absorbed, the number of free electrons and electron holes increases and raises its electrical conductivity. Intrinsic molecular solids are normally relatively poor conductive materials, as the number of free carriers is small. [START_REF] Brütting | Physics of organic semiconductors[END_REF] Therefore, under X-ray irradiation, all holes cannot be replenished, even if the material is grounded, and a (small) charging effect can be expected for films deposited on conductive substrate, when their thicknesses are greater than 50 nm. The photoemission core-level in charging materials are pushed to lower kinetic energy (the escaping electrons are retained by the positive charge), that is, to higher binding energy. When the laser is ON, the photoconductivity effect eliminates this electrical charging. Figure III.19 presents the effect of laser illumination on the XPS spectrum of a charging sample, i.e. a rigid shift of the spectrum to lower binding energy. This will be naturally the case when a strong differential charging deforming the spectra is absent. Point (ii), i.e. band bending, may be not relevant to present study, as surface layers of the organic material are essentially probed. "Band bending" could indeed appear at the interface between ITO and DIPO-Ph 4 .

Finally, point (iii), i.e. the exciton-induced shift in core binding energies, must be considered. In the case of the DIPO-Ph 4 structure, the LUMO is mainly localized on the DIP core. When a HOMO electron is promoted to the LUMO, one can expect changes in the relaxation energy of the C 1s components of the DIP carbons. A screening effect results in an increase (decrease) of the kinetic energy (binding energy). Previous C 1s spectra analysis for an all-covered substrate show two main components C1 and C2 attributed to Ph carbons and core DIP carbons respectively. Thus, the exciton may affect the C2 component.

Our first experiment was to observe possible changes in the C 1s spectra under laser illumination, and verify they are not due to irreversible photolytic damages. The C 1s spectra were recorded "laser OFF", then "laser ON" and finally "laser OFF" to be sure that the system comes back to its initial state (Figure III.20a)).

The C 1s spectra exhibit no rigid shift but an increase of the maximum height is observed and the asymmetry to higher binding energy diminishes. In the "Laser OFF" state, the system comes back to its initial state, showing no laser damage. Peak fitting Two characteristic times are found: τ ON and τ OFF which correspond to the response time of the molecular system during excitation and de-excitation time, respectively. τ ON is smaller than τ OFF as the absorption process is faster than de-excitation one. The de-excitation time is quite long (30 ms).

The absence of a rigid shift eliminates the photovoltage hypothesis. The photoconductivity/charging hypothesis remains if differential charging occurs. A careful examination of a possible charging effect should be realized, using efficient compensation methods. 

IV.1 Solar devices

As DIP is a good donor molecule, we made some organic solar cells to see the effect of the DIP molecule on the cell efficiency. The rapid depletion of conventional energy sources and increasing energy demand, have encouraged intensive research for renewable and sustainable energy sources. [START_REF] Ellabban | Renewable energy resources: Current status, future prospects and their enabling technology[END_REF] Renewable energy sources mainly consist of sunlight, wind, tides, waves, and geothermal heat.

[126] As one of cleanest energy resources, solar energy has been developed into three significant technologies, such as solar heating, solar photovoltaic (PV) and concentrating solar power. Among these technologies, solar PV technology has attracted numerous interest and research all over the world. [127,[START_REF] Timilsina | Solar energy: Markets, economics and policies[END_REF] A typical solar structure consists of cathode and anode electrodes, a cathode interfacial layer (cIFL)/an anode interfacial layer (aIFL), and an active layer (p-n junction). Aiming at achieving a higher efficiency, extensive efforts have been focused on the developments of active layer materials, device architectures and interfacial layers. Before explaining in more details the interface layers, it is vital to understand the physical processes occurring from the active layer to the electrodes under illumination.

IV.1.1 Photovoltaic mechanism

To understand the photovoltaic effect, the operation of a solar cell can be described in five steps (Figure IV.1).

Photon ionization:

IV.1 Solar devices

Any incident photon with an energy hν greater than the semiconductor gap (E G ) of the active layer is absorbed. This process is particularly efficient in materials with very high molar extinction coefficient ( 0 ). Since the molar extinction coefficient of the donor is generally much greater than that of the acceptor, the latter is neglected in most of cases. The photon energy allows an electron to go from the VB to the CB of the p-type material. Once the electron-hole pairs, called excitons, are formed, they have a very limited lifetime (∼1 ns) and can recombine according to different radiative processes (fluorescence or phosphorescence) or to non-radiative ones (heat).

Excitons diffusion:

With an anisotropic nature, all the excitons will not diffuse to the donor-acceptor interface and therefore do not participate in the photovoltaic process. Furthermore, the presence of trapping sites within the material (impurity) limit the effective excitons number. However, diffusion can be promoted within a highly organized material, which increases their diffusion length.

Excitons dissociation:

This process takes place at the donor-acceptor interface, where the existence of the internal field (V bi ) allows the dissociation of the exciton. During the dissociation of the exciton, the electron can be transferred from the p-type CB to the n-type CB while the hole remains in the p-type VB. Negative and positive polarons are created in materials.

Carrying the charges:

The polarons scatter to their respective electrodes by a "jump" mechanism. This mechanism is more efficient for high carrier mobility material. This mechanism may also be affected by the defects existence within the material.

Collection of charges:

This should be improved due to the ohmic contact between the semiconductors and the metal. The existence of trapping sites at the electrodes also limit the step efficiency.

A density-voltage (J-V ) curve is a direct and significant characterization method to express the solar cell performance. Moreover, the recycling life is not well enough controlled to limit environment pollution.

Chapter IV. DIPO-Ph 4 as interfacial layer

GaAs remains expensive. Development of amorphous silicon yields to lower cost processes compared to 1 st generation solar cells, but it has poor stability. From a general point of view the achievement of inorganic solar cell allows reaching high and stable performances,

IV.1 Solar devices

but requires complicated fabrication processes. Therefore, yields have steadily increased with a P CE greater than 10 % on a 1 cm 2 cell.

Heliatek, with a P CE record of 13.2 %, brought photovoltaics to the marketing door. [START_REF]Heliatek sets new Organic Photovoltaic world record efficiency of 13.2%[END_REF] From an industrial point of view, organic-based devices have numerous advantages: the possibility of obtaining large modules, low cost processes and flexibility. The industrial objective to be achieved is the production of 1 W • m -2 for 1 $.

In organic solar cells, the typical active layer materials consist of a low bandgap polymer (a donor) and an acceptor. The significant research of active materials has been mainly undertaken on developing relatively low bandgap donor materials to extend absorption and harvest more solar energy. is widely used but its CB energy level limits the V OC for OSC performance. To get higher V OC and maximum absorption, other fullerene derivatives and non-fullerene acceptors (see acceptors in Figure IV.4) have been synthesized and applied to OSC devices. [START_REF] He | Novel fullerene acceptors: synthesis and application in low band gap polymer solar cells[END_REF][START_REF] Lin | A 3D star-shaped non-fullerene acceptor for solution-processed organic solar cells with a high open-circuit voltage of 1.18 V[END_REF][START_REF] Zhang | Synthesis of mono-and bisadducts of thieno-o-quinodimethane with C60 for efficient polymer solar cells[END_REF]157] Besides the pursuit of improved new active materials and device architectures, the long-time stability of OSC devices simultaneously requires much attention for successful commercialization. [START_REF]Stability and Degradation of Organic and Polymer Solar Cells[END_REF] The degradation of OSC devices are highly associated with humidity, oxygen, heat, or light. [START_REF] Jørgensen | Stability/degradation of polymer solar cells[END_REF][START_REF] Peters | High efficiency polymer solar cells with long operating lifetimes[END_REF] The strategies to stabilize OSC devices have involved insertion of interface layers (IFLs), encapsulation materials development and active layer purity optimization. [START_REF] Sun | Efficient, air-stable bulk heterojunction polymer solar cells using MoOx as the anode interfacial layer[END_REF][START_REF] Clarke | Photodegradation in encapsulated silole-based polymer: Pcbm solar cells investigated using transient absorption spectroscopy and charge extraction measurements[END_REF][START_REF] Mateker | Improving the long-term stability of PBDTTPD polymer solar cells through material purification aimed at removing organic impurities[END_REF][START_REF] Cowan | Chemically controlled reversible and irreversible extraction barriers Via stable interface modification of zinc oxide electron collection layer in polycarbazole-based organic solar R-20 cells[END_REF] c) Interfacial layer Among the stability strategies and charge collection improvement, much efforts have been dedicated to the insertion of interfacial layers between active layers and electrodes, due to the simultaneous ability of stabilizing OSCs and maximizing P CEs. The main functions of the interfacial layers can be summarized as follows

• Inhibit a chemical/physical reaction between the active layer and electrodes.

• Form an optional contact for some types of carriers.

• Determine the polarity of the photovoltaic device.

• Adjust the barrier height between the active layer and electrodes.

• Play the role of an optical spacer.

With the respect to these functions, interfacial materials can be mainly divided into two types, hole (anode IFL) and electron (cathode IFL) interfacial layers.

In the conventional OSC devices, poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) is widely used as an anode IFL to break the energetic barrier between electrodes and active layers. However, the acidic and hydrophilic properties of PEDOT:PSS make it sensitive to oxygen and moisture, leading to a rapid degradation and short lifetime in OSCs. [START_REF] Jørgensen | Stability/degradation of polymer solar cells[END_REF][START_REF] Kawano | Degradation of organic solar cells due to air exposure[END_REF][START_REF] Vitoratos | Thermal degradation mechanisms of PEDOT:PSS[END_REF] Hence, it is essential to discover new anode interface materials to replace PEDOT:PSS.

Numerous inorganic metal oxides have been developed and used as anode/cathode interfacial layers, due to their high stability in comparison with organic interfacial layers.

Among the family of cathode IFLs, n-type semiconductor metal oxides (e.g. titanium oxide [START_REF] Zhang | Plasmonic electrically functionalized TiO2 for highperformance organic solar cells[END_REF] and zinc oxide [START_REF] Ibrahem | Solution-processed zinc oxide nanoparticles as interlayer materials for inverted organic solar cells[END_REF]) exhibit excellent performances, due to their ambient stability, high optical transparency, outstanding solution process ability and superior capability of extracting/transporting electron carriers. On the other way, anode interfacial layers such as p-type semiconductor transition metal oxides (e.g. vanadium oxides, [START_REF] Zilberberg | Inverted organic solar cells with sol-gel processed high work-function vanadium oxide hole-extraction layers[END_REF] tungsten oxide, [START_REF] Tan | Solutionprocessed tungsten oxide as an effective anode buffer layer for high-performance polymer solar cells[END_REF] and molybdenum oxide [START_REF] Wong | Origin of hole selectivity and the role of defects in low-temperature solution-processed molybde-R-21 num oxide interfacial layer for organic solar cells[END_REF]) have demonstrated good device performance by promoting hole transport process and stability of devices. The oxygen vacancies of p-type metal oxides play an important role in their electronic properties. Tuning the oxygen level (valence band) allows creating filled gap states in the gap, and finally enhancing hole transport between active layers and anode electrodes. [START_REF] Vasilopoulou | The influence of hydrogenation and oxygen vacancies on molybdenum oxides work function and gap states for application in organic optoelectronics[END_REF] Small molecules have also been developed for hole transport layers. This has already shown its efficiency in the field of OLEDs and photo-detectors. Hains and Marks have shown that cross-reactions with silanes can form an effective hopper-conveying layer. [START_REF] Hains | Designed Bithiophene-Based Interfacial Layer for High-Efficiency Bulk-Heterojunction Organic Photovoltaic Cells. Importance of Interfacial Energy Level Matching[END_REF] TPDSi2, PABTSi2 or TPDB were proved to be successfully used as selective layers for extraction of holes. TPA-PFCB is also used as a hole transport layer with PEDOT:PSS to form an interface bilayer. In addition to an improvement of the J SC of the cells, IFL protects the anode from PEDOT:PSS corrosion. Our team has explored the benefit of depositing hole-transport molecular solid of the DIP family. [START_REF] Berny | Derives de type dipyrannylidene comme couche interfaciale anodique dans des dispositifs electroniques[END_REF] DIPS-Ph 4 has been used on ITO to finally form an ITO/DIPS-Ph 4 /P3HT:PCBM/LiF/Al cell in which the J SC is efficiently increased. [START_REF] Berny | Dithiapyrannylidenes as efficient hole collection interfacial layers in organic solar cells[END_REF] Current sensing contact mode atomic force microscopy (CS-AFM) shows that there is an increase in the total number of hole-carrying pathways with respect to a PEDOT:PSS IFL. [START_REF] Berny | Dithiapyrannylidenes as efficient hole collection interfacial layers in organic solar cells[END_REF] 

IV.2 Organic electronics application

Now, could the DIPO-Ph 4 layer be an efficient interfacial hole collecting layer per se in the context of the state-of-the-art bulk heterojunctions (BHJ) of organic photovoltaic?

IV.2.1 Energetic alignment

The BHJ are blends of P3HT donor and PCBM acceptor. Some predictions can be made from the present data and from already published UPS results [START_REF] Xu | Energy level alignment of poly(3hexylthiophene): [6,6]-phenyl C-61 butyric acid methyl ester bulk heterojunction[END_REF] and inverse To sum up, the DIPO-Ph 4 interfacial layer presents a favourable energy level scheme to collect holes from P3HT and to block electrons from PCBM. However, if this condition is necessary, it is not sufficient for the material to behave as an efficient hole collector, and to improve the performances of the BHJ cells. The conductivity of the DIPO-Ph 4 material and the number of good "contact" points with the ITO substrate (per surface unit) must be also high. In the case of the parent molecule DIPS-Ph 4 , CS-AFM points to a sizeable increase in hole-carrying pathways with respect to PEDOT:PSS. [START_REF] Berny | Dithiapyrannylidenes as efficient hole collection interfacial layers in organic solar cells[END_REF] 

IV.2 Organic electronics application

IV.2.2 Photovoltaic response

We prepared three OSCs with an active layer of P3HT:PCBM (see Appendix B.2), with a "thin" (0.3 × 10 15 molecule • cm -2 ), a "thick" (1 × 10 15 molecule • cm -2 ) layers of DIPO-Ph 4 and a reference based on PEDOT:PSS (5 nm), all three as interfacial layers.

IV.2 Organic electronics application

Prior to characterization of the photovoltaic cells, we ensured that the structuration obtained onto ITO was comparable to the Si 3 N 4 . It is worth noticing that on top of the DIPO-Ph 4 layer, a thin layer (5 nm) of PEDOT:PSS was deposited to prevent the organic solvent of P3HT:PCBM deposition from modifying the DIPO-Ph 4 morphology.

Table IV.1 -PV parameters (100 mW • cm -2 ) of devices with different IFLs and P3HT:PCBM as active layer.

Anodic IFLs P CE (%)

V OC (mV) The photovoltaic cell performances are given in and the fill factor (F F ) are 586 mV and 44 %, respectively. The current density (J SC ) is 12.1 mA • cm -2 . These results were compared to a reference cell using only 5 nm PE-DOT:PSS as interfacial layer, prepared in the same conditions, and which shows a lower P CE at 2.2 %. The increase of the fill factor revealed not only better electronic processes but also an increase in the ratio of the charge carrier collection. A smaller number of holes are recombined to be collected at the ITO electrode. Consequently, the short circuit current increases and the overall yield rises by 47 %.

J SC (mA • cm -2 ) F F (%) R sh (Ω • cm 2 ) R s (Ω • cm 2 ) PEDOT:PSS 2.2 583 
In addition to the performance, the physical constants extracted from the current density versus voltage under illumination described the same phenomena as the one presented in STXM. Indeed, the DIPO-Ph 4 layer demonstrates a favourable hole transport collection at the ITO anode which is consistent with the electronic behaviour of DIPO-Ph 4 .

The series resistance decreases to 7 Ω • cm 2 when for the reference cell the value was measured at 22 Ω • cm 2 and 14 Ω • cm 2 for the thinnest IFL based on DIPO-Ph 4 . Despite the increase of the thickness of the organic interface, the resistance decreases. On the other side, the shunt resistance (R sh ), which reflects the electrical short-cut and more generally the overall electronical recombination at the interface, remained the same for the three layers, high enough to avoid short-cut losses. The small decrease of the series resistance leads to a 50 % increase of performance.

The DIPO-Ph 4 layer has no effect on the V OC . This parameter mainly depends on the LUMO donor/HOMO acceptor difference in the active layer. On the contrary, we observe a J SC increase of 1 mA • cm -2 due to the lowering of the series resistance. [START_REF] Berny | Dithiapyrannylidenes as efficient hole collection interfacial layers in organic solar cells[END_REF][START_REF] Barth | Dipyrrométhènes métallés (Co,Ni,Cu) et dipyrannilidènes : de nouveaux matériaux organiques pour la conversion photovoltaïque de l'énergie solaire[END_REF] As hole transport layer and compared to PEDOT:PSS, DIPO-Ph 4 increases the efficiency of charge collection at the ITO anode (Figure IV.8). On thick DIPO-Ph 4 , it is worth noticing that the fill factor increases significantly despite the surface mounds. Often a highly-structured surface is frequently associated to a rough surface and a bad layer contact. [START_REF] Gupta | Fill factor in organic solar cells[END_REF] However, the STXM investigations demonstrated that it was possible to form a bulk structure that maximizes the orbital interaction to reach the best electronic performance. for the DIP derivatives deposited as thin solid films.

The free-molecule description does not predict any spectacular change in the electronic structure apart from the sizeable increase in the dihedral angle. However, the latter has Corresponding STXM image in thickness.

a 2 ) b 1 ) b 2 ) c 1 ) c 2 ) d 1 ) d 2 ) e 1 ) e 2 ) f 1 ) f 2 
In the following, we will describe the molecular orientation of the DIP derivatives.

We completed the STXM measurements for the DIPS-Ph 

V.2 Electronic properties

Two samples of DIPS-Ph 4 and two samples of DIPSe-Ph 4 were prepared in our wellcontrolled evaporation system. Before measurements at the ALOISA beamline (ELET-TRA synchrotron in Trieste, Italy), [181] samples were subjected to a long-time air exposure. To see the air exposure effect on the O 1s peak, an ITO substrate has been chemically cleaned and then air exposed during the same time as the DIP samples.

V.2.1 Core levels XPS spectroscopy

As a preliminary result of this part, we will present here the XPS characterization of the air exposed ITO starting with the overview spectrum ( How to explain the large S2 -S1 BE difference with a S2 component coming from the cationic [DIPS-Ph 4 ] •+ ? DFT calculations for the cationic form lead to a too small difference. We thus consider sulphur reaction at the surface after the charge transfer.

With the oxygen from the ITO substrate, sulphur could react and form a S + -O bond.

The chemical environment of the cationic sulphur is modified and the binding energy increases. In this case, we should see some modification in the oxygen structure of ITO.

But, due to the oxygen contamination, we are not able to distinguish any significant modification. To do so, the future synchrotron experiment (September 2017) will include an in situ sample preparation to avoid a long-time air exposure.

V.2.3 Electron energy level scheme

Finally, to complete the study, we measured for the DIPS-Ph 4 and DIPSe-Ph 

Conclusion

We Synchrotron radiation XPS and UPS give unique information on the electronic properties of both the substrate and the film. The fact that the film thickness is not uniform, as shown by AFM, is crucial to interpret the photoemission spectra. Indeed, for coverages ≤ 3 × 10 15 molecule • cm -2 , a sizeable ITO contribution is always observed in the O 1s and valence band spectra, even in highly surface sensitive conditions. The ITO-related signal originates from the inter-mound areas (and the aureoles of the mound) where the deposit thickness is very thin. All substrate related components (e.g. In 3d) increase their binding energies when the molecule is deposited, indicating that the Fermi level moves up in energy due to the interaction with the molecule. This may be interpreted as a filling of the conduction band by electrons coming from the deposited molecules.

For all the deposits studied, we detect the presence of two components in the O 1s spectra, indicating that the molecule is in two different states. One state corresponds to an ether oxygen of an otherwise unaltered molecule. The second one at higher binding energy originates from an altered molecule interacting with the substrate. These two molecular states are in comparable amounts until the DIPO-Ph 4 mounds almost coalesce. Then the relative weight of the altered state at high binding energy diminishes. The fact that the altered species gives a sizeable spectra contribution, even in surface sensitive conditions, is due to the growth mode: its signal comes from the inter-mound areas and from the flanks of the mounds, where the layer thickness become comparable to the probed length.

Given than the DIPO-Ph 4 is an excellent donor, the possibility of a molecular cation is examined. O 1s core-ionized state DFT calculations of isolated molecules in the neutral and cationic state give a reasonable explanation for the observed O 1s binding energy difference when the core-hole relaxation energy in dielectric media is accounted for. The C 1s spectra can also be interpreted in a similar way.

The Finally, we draw the electron level the DIPO-Ph 4 /ITO interface, and discuss the implications in devices, as a hole conducting layer in organic light emitting diodes and as an anode interfacial layer in organic solar cells. Open circuit voltage (V OC ):

Open circuit voltage is the maximum voltage that a p-n solar cell could provide to external circuit, deriving from the splitting of hole and electron by light illumination. In this case, the expression is described as following:

V OC = 1 e (E E F ,n -E E F ,p )
where e is the elementary charge, E E F ,n and E E F ,p are the Fermi levels of the n-type and p-type SCs, respectively.

Short circuit current density (J SC ):

Short circuit current density is the maximum photocurrent density that could be achieved in a solar cell. If no saturation effect appears, J SC is mainly dependent on the number of absorbed photons. In addition, the surface area of the active layer, the device thickness and the charge transport also influence J SC .

A-12

Introduction

Les dispositifs d'électronique et d'optoélectronique organique ont été étudiés ces dernières années comme de potentielles alternatives aux technologies actuelles de semi-conducteurs inorganiques. Les semi-conducteurs organiques sont aujourd'hui utilisés dans les diodes électroluminescentes (OLED), [START_REF] Reineke | White organic light-emitting diodes with fluorescent tube efficiency[END_REF] on les retrouve aussi dans les transistors à effet de champ (OFET), [START_REF] Małachowski | Organic field-effect transistors[END_REF] dans les cellules solaire (OSC), [START_REF] Blom | Device Physics of Polymer: Fullerene Bulk Heterojunction Solar Cells[END_REF][START_REF] Grätzel | Applied physics: Solar cells to dye for[END_REF] ou dans les capteurs chimiques. [START_REF] Lin | Organic Thin-Film Transistors for Chemical and Biological Sensing[END_REF] Alors que certains de ces dispositifs sont déjà sur le marché (OLED, OFET), d'autres sont encore loin d'être développés, malgré les progrès enregistrés au cours des dernières décennies (hétérojonction en volume). [START_REF] Scharber | Efficiency of bulk-heterojunction organic solar cells[END_REF] Pour augmenter l'efficacité de ces dispositifs, il faut maîtriser de nombreux paramètres, tels que la nature chimique et la structure électronique des solides moléculaires, la pré- Les dérivés DIP ont déjà été utilisés dans des dispositifs organiques tels que les cellules solaires organiques (OSC) [START_REF] Courté | A non-volatile resistive memory effect in 2,2',6,6'-tetraphenyl-dipyranylidene thin films as observed in field-effect transistors and by conductive atomic force microscopy[END_REF][START_REF] Berny | Dithiapyrannylidenes as efficient hole collection interfacial layers in organic solar cells[END_REF] ou les transistors à effet de champ organique (OFET) [START_REF] Bolag | Field-Effect Transistors Based on Tetraphenyldipyranylidenes and the Sulfur Analogues[END_REF][START_REF] Courté | Structural and electronic properties of 2,2',6,6'-tetraphenyl-dipyranylidene and its use as a hole-collecting interfacial layer in organic solar cells[END_REF] 
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 1 Figure 1 -Schematic process of a) organic light-emitting diode (OLED) and b) organic photovoltaic (OPV) devices.

Figure I. 1 -

 1 Figure I.1 -Energetic representation of insulator, semiconductor, and metallic materials.

Figure I. 2 -

 2 Figure I.2 -Bixbyite structure of indium oxide determined via X-ray diffraction.

Figure I. 3 -

 3 Figure I.3 -Energetic diagram of indium oxide and ITO.

Figure

  Figure I.4 -a) Energetic representation of an organic semiconductor; b) Energetic representation of SOMO and SUMO levels for organic semiconductor.

Figure I. 5 -

 5 Figure I.5 -The structure and ionization energy IP v (in eV) of common materials used for organic electronics study. The full names of the compounds are: cobaltocene (CoCp 2 ), tetraphenyl-dipyranylidene (DIPO-Ph 4 ), tetrathiafulvalene (TTF), sexithiophene (6T), metal phtalocyanine (MPc), metal tetraphenyl-porphyrin (MTPP), N,N'-di(1-naphthyl)-N,N'-diphenyl-(1,1'-biphenyl)-4,4'-diamine (α-NPD), poly(9,9-di-noctylfluorenyl-2,7-diyl) (F8), fullerene (C60), bathocuproine (BCP), hexaazatrinaphthylene (HATNA), perylenetetracarboxylic dianhydride (PTCDA), N,N'-diphenyl-1,4,5,8napthyltetracarboxyldiimide (DPNTCI), tetracyanoquinodimethane (TCNQ). 12
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 137 Figure I.7 -Crystallization mode for a) DIPO-Ph 4 , b) DIPS-Ph 4 and c) DIPSe-Ph 4 . The upper view is along the DIP core plan. The bottom view is along the normal of the DIP plan.

Figure I. 8 -

 8 Figure I.8 -Four-step-model for the growth mode of a layer formed via thermal evaporation.

Figure I. 9 -

 9 Figure I.9 -Charge effect at the molecular: substrate interface.
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 1112 Figure I.11 -Energetic representations of a metal/organic interface and alignment after a) LUMO pinning, b) Schottky-Mott limit, and c) HOMO pinning.

  Figure I.13 -Schematic representation of photoelectron emission.

Figure

  Figure I.14 -a) Photoelectron-matter interaction after X-ray irradiation; b) Schematic representation of a photoemission spectrum.

Figure I. 15 -

 15 Figure I.15 -Energetic diagram of the photoemission process.

3 .

 3 Crossing the surface: At the surface, electrons must overcome the work function (Φ) of the material. The energetic diagram of the photoemission process is presented in Figure I.15:

  environment of the element. The energies of the core electrons, which are measured with XPS, are influenced by the Coulomb interaction with the other electrons and the attractive potential of the nuclei. Changes in the chemical environment cause a spatial redistribution of the valence electrons, which influences the measured BE of the core electrons. The variation of BE results in the shift of the corresponding XPS peak. The BE change of an element core electron due to a change in the chemical bonding of that element is called a chemical shift (∆ξ): ∆ξ = -∆ orb -∆E R + ∆E F

Figure I. 16 -

 16 Figure I.16 -Theoretical inelastic mean pathway: a) for the chemical elements; b) ITO and DIP derivative material obtained from TPP-2M method.

  Figure I.17 -a) Schematic representation of X-ray absorption via transmission process; b) Energetic diagram and typical absorption spectrum.

Figure I. 18 showsFigure I. 18 -Figure II. 1 -

 18181 Figure I.18 -Absorption efficiency for a σ * bond and a π * bond with 3 atoms parallelly aligned to the surface.

Figure II. 2 - 2 ×

 22 Figure II.2 -AFM images for DIPO-Ph 4 : a 1 ) 0.5 × 10 15 molecule • cm -2 ; b 1 ) 2 × 10 15 molecule • cm -2 ; c 1 ) 10 × 10 15 molecule • cm -2 ; a 2 ), b 2 ), and c 2 ) are the corresponding profiles indicated by the white straight lines in a 1 ), b 1 ), and c 1 ) respectively.
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 34 ) substrate. No cleaning treatment has been performed on these substrates before the molecular evaporation. The interface was then studied via XAS absorption measurements to determine the molecular orientation. AFM results are presented in Figure II.3. First, it is important to notice that the layer morphology on a Si 3 N 4 is similar to the one on ITO substrate (no thermal annealing, presented in Figure II.3). The un-annealed sample morphologies are the same as the ones presented in the previous section: slightly elongated clusters with an average height of 30 nm for the 1 × 10 15 molecule • cm -2 sample. AFM-calculated coverages are 1.1 × 10 15 molecule • cm -2 (25 % of the Si 3 N 4 covered) and 11 × 10 15 molecule • cm -2 for the 1 × 10 15 and the 10 × 10 15 molecule • cm -2 samples, respectively. A similar morphology between the two substrates may result from a similar surface energy. After a post-annealing treatment at T ≥ 170 • C on the 1 × 10 15 molecule • cm -2 sample (post thermal annealing, presented in Figure II.3a)), the average height of the clusters decreases to 13 nm. The mounds still cover 20 % of the Si 3 N 4 surface, with an average diameter of 230 nm. The molecular surface density calculated, from the AFM image, is divided by 3 (0.3 × 10 15 molecule • cm -2 ). The crystallization on a hot substrate (under thermal annealing, presented in Figure II.3a)) leads to the formation of twinned DIPO-Ph 4

Figure II. 3 -II. 2

 32 Figure II.3 -AFM images for DIPO-Ph 4 : a) 1 × 10 15 molecule • cm -2 ; b) 10 × 10 15 molecule • cm -2 deposited under no-thermal annealing, after a post-thermal annealing, and under a thermal annealing. The molecular coverage, expressed in molecule • cm -2 (QB-coverage), is obtained from the quartz balance measurement.

For C 1sFigure II. 4 -

 4 Figure II.4 -Electronic scheme of the a) C 1s and b) O 1s transition for DIPO-Ph 4 . Indicated energies are related to the LUMO and three MOs are represented with an isovalue of 0.04 (LUMO, LUMO+3 and LUMO+5). The principal weight localization of the MOs is emphasized with ellipses.

Figure II. 5 -Figure

 5 Figure II.5a) and b)). For the post-annealed sample (Sample B), STXM image (post thermal annealing in Figure II.5a)) shows clusters with an average height of ∼10 nm,which was already seen in the AFM image. Finally, we also have the same conclusion for the under-annealing treatment sample (Sample D) where the average cluster height is found to be 250 nm and the morphology is as large molecular crystallized cluster (under

  6b 1 )). A clear distinction of the π * and the σ * regions is evident in the figure. After subtraction of the background and the σ * region, the π * region is emphasized in Figure II.6b 2 ) for clarity. It has been fitted with three Gaussian curves (G-FWHM values are indicated in Table II.1). The first one, entered at ∼ 285 eV is attributed to the first transition group π * DIP . π * Ph is at ∼286 eV, and π * DIP+Ph is centred at ∼288 eV. DFT calculations for a free molecule gives a π * Ph -π * DIP of ∼1.3 eV and a π * DIP+Ph -π * DIP of ∼2.3 eV (see Figure II.4a)). Experimentally, the value of the π * Ph -π * DIP is ∼1.2 eV, which is very close to the theoretical calculation. For the π * DIP+Ph transition, the difference with the π *

Figure II. 7 -

 7 Figure II.7 -STXM images for 1 × 10 15 molecule • cm -2 DIPO-Ph 4 with a 30°tilted angle (A': no thermal annealing; B': post thermal annealing). The molecular coverage, expressed in molecule • cm -2 (QB-coverage), is obtained from the quartz balance measurement. The dotted line for Sample B' indicates the position for the absorption linescan.
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  Figure II.12 -Schematic representation of the molecular orientation for Samples A, B & D.
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  at the surface. The O 1s core-level spectra of the chemically cleaned bare ITO surface (Figure III.2b)) are measured at hν = 825 eV (KE O 1s ∼295 eV, λ ITO ∼0.79 nm) and at hν = 600 eV (KE

Figure III. 3 -The

 3 Photoemission Intensity (arb. units)

  energy of 60 eV is presented in Figure III.4a), corresponding to a short IMFP λ ITO of ∼0.5 nm. Valence spectroscopy measures the LDOS weighted by the photoemission crosssections of the O 2p, In 4d, In 5s, and In 5p levels, σ O 2p , σ In 4d , σ In 5s , and σ In 5p , respectively. One should note that at hν = 60 eV the calculated ratios σ In 4d /σ O 2p , σ In 5s /σ O 2p , σ In 5p /σ O 2p are 8.3, 3.1 × 10 -2 , 4.8 × 10 -3 , respectively. DFT calculations of the local density of states for In 2 O 3 in bixbyite structure indicates that the top of the valence band is mainly constituted of O 2p related states, with some admixture (13 %) of
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 1 Figure III.7, the O1 and O2 components appear at 532.2 eV and 533.6 eV, respectively.

Figure III. 8 )Figure III. 7 -

 87 Figure III.8) during the XPS measurements. The subtraction of the bare ITO contribution emphasizes the molecular solid contribution. In Figure III.7c) we present the difference spectra obtained in surface sensitive

Figure III. 8 -

 8 Figure III.8 -O 1s spectra of an ITO substrate covered with DIPO-Ph 4 of QB-coverage 8 × 10 15 molecule • cm -2 . The curves above are the different sweeps obtained under X-ray radiation. We see no effect due to beam damage.

  in two different forms, one corresponding to the unaltered molecule, with an ether O 1s component labelled O1, and one corresponding to an altered form, characterized by the O2 component. Any interpretation of the O2 component should be consistent with the fitting of the C 1s spectrum into two components (attributed to ester carbons and carbons not bonded to oxygen) that corresponds to the DIPO-Ph 4 stoichiometry.

Figure

  Figure III.9 -a) DIPO-Ph 4 structure and carbons place used for DFT calculation; b) HOMO representation.

hν = 60 Figure

 60 Figure III.7d)) is minimal and the neutral state corresponds to 70 % of the molecular spectral weight. We observe the growth of six strong components, labelled A to F, that show up at BE 14.06, 10.97, 9.36, 6.99, 4.30, and 3.29 eV, respectively, plus two molecular states appearing in the ITO gap centred at 2.5 and 1.4 eV, that we label H(+) and H, respectively.As the measured spectrum results from the combination of two different chemical states (neutral versus cationic) of the molecule, the respective molecular levels are mixed up in the experimental spectrum. Let us now start with the two molecular levels with

10 15 , 2 ×

 2 10 15 , and 3 × 10 15 molecule • cm -2 give a Φ value of 3.90 eV, independent of coverage. Considering that charge transfer occurs at the ITO/DIPO-Ph 4 interface, the value of Φ gives the value of Φ + (3.9 eV) and the slight decrease in work-function is attributed to the formation of cationic species at the ITO/DIPO-Ph 4 interface.[START_REF] Oehzelt | Organic semiconductor density of states controls the energy level alignment at electrode interfaces[END_REF] The ionization energy of the HOMO (neutral species) obtained by adding Φ to the HOMO edge binding energy measured from the Fermi level is 4.6 eV. The value agrees with the ionization energy measured thanks to the Forrest relationship.[START_REF] D'andrade | Relationship between the ionization and oxidation potentials of molecular organic semiconductors[END_REF] We present in Figure III.11, the electron energy level scheme of the ITO/DIPO-Ph 4 interface. The important parameters are the E F -HOMO (neutral) energy offset of 0.7 eV (leading edge)/1.4 eV (centroid), the molecular solid work function Φ (3.90 eV), and the valence ionization energy of DIPO-Ph 4 is obtained by adding Φ to the HOMO binding energy measured from the Fermi level to give 4.6 eV (HOMO leading edge)/5.3 eV (centroid). The SOMO level of the cationic species H(+) has a higher binding energy (referenced to the Fermi level) and thus a higher ionization energy (referenced to the vacuum level) that of the neutral HOMO level, as demonstrated by the DFT calculation of the isolated molecule. As emphasized in Ref. 106, UPS generates photoemitted electrons that carry away with them the relaxation energies (electronic polarization and structural relaxation) of the valence ionized molecule. This is entirely true for molecules
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 13 photoemission, although the selection rules are different (see center part of Figure III.13).

Figure III. 14 Figure III. 14 -

 1414 Figure III.14 presents the schematic Auger spectrum decomposition at a resonance with a fraction of the promoted electrons which go to a continuum (material or substrate). It can be shown easily that the intensity of the "normal" Auger (I Aug ) spectrum and of resonant spectrum intensity (spectator and participant, I Res ) are related to the core lifetime energy broadening Γ C , and to the tunneling bandwidth Γ CT by the relation: [114] Γ CT Γ C + Γ CT = I Aug I Res + I Aug

  will focus on the C transitions and then on the O ones. The results are presented as ResPES mapping from which Auger areas are extracted for different photon energies corresponding to main absorption transitions (Figure III.15). Mappings are presented as a function of binding energy while Auger spectra are presented as a function of kinetic energy. On the mapping, the absorption intensity is superimposed, to highlight resonance areas. For the thicker layer (10 × 10 15 molecule • cm -2 ), ResPES mapping (Figure III.15a 1 ))
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  4 to ITO attributed to the neutral and the cationic DIPO-Ph 4 form, respectively (see Figure III.7). The absorption intensity increases at the π * DIP and the π * DIP+Ph levels on top of the ITO absorption (Figure III.12b)). There is no absorption at the π * Ph level as the unoccupied states at this level are not localized on the oxygen atoms (see Figure II.4). Note that for the "thinner" deposit (2 × 10 15 molecule • cm -2 ), we cannot distinguish, in the absorption spectrum, the signal from the cationic DIPO-Ph 4 . The ITO substrate signal is too high as the probed surface is mainly the ITO surface between the DIPO-Ph 4 mounds. For the thicker layer (10 × 10 15 molecule • cm -2 ), probed DIPO-Ph 4 molecules are mainly neutral. We will now consider the Auger/VB spectrum of the bare ITO substrate, recorded while scanning the O K edge (the blank spectrum), before discussing the ResPES spectrum of DIPO-Ph 4 deposited on ITO. For the bare ITO sample, we see neither spectator nor participant decay channel (Figure III.17a)). The O 1s2p2p Auger main peak remains at the same energetic position all through the O K edge. Being a conductor, the electron lifted in the conduction band of the ITO is delocalized. On the contrary, for the two DIPO-Ph 4 covered samples (Figure III.17b)
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 18 Figure III.18 -Energetic diagram of the photoemission process during laser impulsion.
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  Photoemission Intensity (arb. units)

Figure

  Figure III.21 -a) Mapping of C 1s spectra during Laser ON & OFF; b) Extracted difference between C1 and C2.

Figure

  Figure IV.1 -a) Typical solar cell stack; b) Energetic representation of the photovoltaic process in a solar cell.

  Figure IV.2 is a typical J-V curve under dark and light illumination. As important parameters of the solar cells, power conversion efficiency (P CE), opencircuit voltage (V OC ), short-circuit current density (J SC ), and field-factor (F F ) play significant roles in defining the photovoltaic performance (Appendix C.3).

Figure IV. 2 -IV. 1 . 2

 212 Figure IV.2 -Typical J-V curve: under dark (dashed line) and under illumination (continuous line).

3

  Figure IV.3 -Bulk heterojunction solar cell.

  [149] Currently, one of the most widely used donor materials is poly(3-hexylthiophene) (P3HT) but lot of thiophene derivatives have been developed (PCPDTBT, PCDTBT, PBDTTT-C: see donors in Figure IV.4). [150, 151, 152, 153] Concerning the acceptors, [6,6]-phenyl-C61-butyric acid methyl ester (PCBM)
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 4 Figure IV.4 -Examples of used molecules for donor and acceptor materials in organic solar cells.
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 56 Figure IV.5 -Examples of used molecules for anode IFL in organic solar cells.

Figure I. 6 )

 6 Figure I.6), and considering that the PCBM LUMO is 3.8 eV below the vacuum level, [176] then the LUMO (DIPO-Ph 4 )/LUMO (PCBM) energy difference is greater than 0.8 eV. Therefore DIPO-Ph 4 should remain an efficient blocking barrier (B e ) to electrons coming from PCBM, despite the positive value of ∆.

1 Figure IV. 7 -

 17 Figure IV.7 -Photovoltaic characterization with 3 different IFLs under 100 mW • cm -2 , with a zoom on the interesting area in inset.

  Figure IV.7 and in Table IV.1. The thick DIPO-Ph 4 layer reaches a maximum power conversion efficiency (P CE) of 3.1 %, using a solar simulator calibrated at 100 mW • cm -2 . The open circuit voltage (V OC )

Figure IV. 8 -

 8 Figure IV.8 -Schematic representation of the solar cell morphology. A better hole collection occurs through crystallized DIPO-Ph 4 layer than through PEDOT:PSS.

FigureV. 1 . 1

 11 Figure V.1 -a) DFT calculated molecular orbital levels; b) Electronic scheme of the C 1s of DIPS-Ph 4 . Indicated energies are related to the LUMO.

V. 1 2 (

 12 ITO/DIP layer morphology a strong impact in the molecular stacking in the solid state and on the adsorption mode on the substrate. As a reminder, in the solid state, the dihedral angle measured via XRD are 7.8, 12.4, and 14°for DIPO-Ph 4 , DIPS-Ph 4 , and DIPSe-Ph 4 , respectively, but the packing mode is completely different (see Figure I.7). Therefore, we performed AFM, STXM, and XPS measurements on ITO/DIPS-Ph 4 and DIPSe-Ph 4 samples. V.1.2 DIPS-Ph 4 and DIPSe-Ph 4 growth mode For each DIP derivatives, three samples have been prepared, the QB-coverages being 0.5 × 10 15 , 2 × 10 15 , and 10 × 10 15 molecule • cm -2 . We characterized the layer morphology (the organic layer on ITO substrate) via AFM and performed STXM on the DIPS-Ph 4 layers to study the molecular orientation and growth mode (the organic layer on Si 3 N 4 substrate). Concerning the absorption transitions for the DIPS-Ph 4 structure, unoccupied state energies (Figure V.1b)) are found to be similar as for the DIPO-Ph 4 (Figure II.4) and thus the description of the C 1s transitions is the same as the one for the DIPO-Ph 4 structure. Concerning DIPS-Ph 4 3D clusters are observed from the 0.5 × 10 15 molecule • cm -Figure V.2a 1 )). Molecules cover only 5 % of the ITO surface, with an average diameter of 100 nm. The AFM measurement reveals a molecular coverage of only 0.18 × 10 15 . The average height of the clusters is 15 nm. For the 2 × 10 15 molecule • cm -2 sample (Figure V.2b 1 )), the clusters cover 20 % of the ITO surface and the molecular coverage is 0.65 × 10 15 molecule • cm -2 . The average height increases to 20 nm. In comparison with the DIPO-Ph 4 layers, clusters are more elongated. Besides, this growth leads to the formation of twinned clusters. In the case of the DIPO-Ph 4 layer, to obtain twinned clusters, energy was brought to the system via a under annealing treatment. For DIPS-Ph 4 , the diffusion may be easier at room temperature. The 10 × 10 15 molecule • cm -2 sample confirms the observation (Figure V.2c 1 )). Molecules are forming a continuous film covering the entire ITO surface. AFM measurements show that 13 × 10 15 molecule • cm -2 have been evaporated. For the DIPSe-Ph 4 structure (Figure V.2d), e), and f)), the 3D clusters are squareshaped. They cover 10, 60 % and the entire ITO surface for the 0.5 × 10 15 , 2 × 10 15 , and 10 × 10 15 molecule • cm -2 (QB-coverage), respectively. AFM measurements show coverage of 0.29 × 10 15 , 1.6 × 10 15 , and 10 × 10 15 molecule • cm -2 . The difference between the DIP structures lies in the shape of the clusters: slightly elongated for the DIPO-Ph 4 , elongated and twinned for the DIPS-Ph 4 , and nearly squared for DIPSe-Ph 4 . As the crystallization inside the layer is different between the three structures (see Figure I.7), it leads to different cluster shapes.
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 21013 Figure V.2 -AFM images for DIPS-Ph 4 (a), b), and c)) and DIPSe-Ph 4 (d), e), and f)): a 1 ) d 1 ) QB-coverage of 0.5 × 10 15 molecule • cm -2 ; b 1 ) e 1 ) QB-coverage 2 × 10 15 molecule • cm -2 ; c 1 ) f 1 ) QB coverage 10 × 10 15 molecule • cm -2 ; a 2 ), b 2 ), c 2 ), d 2 ), e 2 ), and f 2 ) are the profiles indicated by the white straight lines in a 1 ), b 1 ), c 1 ), d 1 ), e 1 ), and f 1 ) respectively.
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  combine AFM and synchrotron radiation XPS/UPS to elucidate the formation the DIPO-Ph 4 /ITO interface, DIPO-Ph 4 has appeared as a very promising interfacial layer for hole collection in organic photovoltaic. The DIPO-Ph 4 /ITO morphology of the deposits otherwise characterized by XPS/UPS, is examined by AFM. For coverages in the 1 × 10 15 -8 × 10 15 molecule • cm -2 range, we do not observe a layer-by-layer growth mode. Molecular mounds are formed, starting from ITO macroscopic surface defects. In the 1 × 10 15 -3 × 10 15 molecule • cm -2 range the height of the mounds is typically 30 nm, leaving inter-mound area bare or covered by an ultra-thin layer that remains unobservable by AFM. Only at 8 × 10 15 molecule • cm -2 does the mounds tend to coalesce, and their height reaches an average value of 50 nm.

  UPS valence band of the bare substrate is characteristic of metallic ITO, with a density of state observable at Fermi level. When the molecule is deposited, new states appear. The corresponding molecular levels are also interpreted within the framework of the two molecular states, neutral and cationic. The HOMO of the neutral molecule shows up, centred at 1.4 eV below the Fermi level with its edge only 0.7 eV below the Fermi level. The HOMO of the cationic species is found shifted to higher binding energy by ∼1.1 eV (centroid at ∼2.5 eV below the Fermi level). The work function of the ITO surface is affected by a slight decrease when the molecule is deposited (∼0.3 eV), due to the charge transfer from the molecule to the substrate. The work function of the deposit (3.9 eV) is therefore the integer charge transfer energy.
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 11 Figure S.1 -Représentation énergétique d'un isolant, d'un semi-conducteur et d'un matériau métallique.
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 43645869791213141715 Figure S.3 -Représentation énergétiques d'une interface métal/organique après a) alignement par la LUMO, b) limite de Schottky-Mott et c) alignement par la HUMO.
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 116175181921 Figure S.16 -Caractérisation photovoltaïque avec 3 IFL différentes sous un éclairement de 100 mW • cm -2 et zoom sur la zone d'intérêt.

Table I .

 I 

	Hydrogen bond	H• • • A	2-30	DNA
	Electrostatic	Anion-Cation	1-20	Salt (LiF)
	Orbital	π-stacking	0-10	Polyaromatic layer
	Van der Waals	Weak interaction	0.1-1	Alkyl layer
	Growth mode:			

1 -Main intermolecular interactions. Interaction Description Energy (kcal • mol -1 ) Example Concerning the layer growth mode, substrate/molecule and molecule/molecule interactions are competing which leads to three possible modes of crystal growth on a surface (Figure I.10): [62]

Chapter II. DIPO-Ph 4 layer on ITO substrate

  5 × 10 15 molecule • cm -2 , an intermediate layer of 2 × 10 15 molecule • cm -2 , and a "thick" layer 10 × 10 15 molecule • cm -2 . AFM images were used to determine the real value of the coverage and make correlations with the QB-coverage.

	After the deposition of 0.5 × 10 15 molecule • cm -2 , the AFM image (Figure II.2a))
	shows that 3D clusters cover 20 % of the ITO surface. The average cluster height is
	20 nm, with an average diameter of 200 nm. Given the cluster density, an average vol-
	ume of DIPO-Ph 4 per surface unit is obtained, leading to a molecular surface density
	of 0.55 × 10 15 molecule • cm -2 (using the density of Ref. 58), in excellent agreement with
	the QB-coverage. The clusters are homogeneously distributed on the surface. For the
	2 × 10 15 molecule • cm -2 deposit (Figure II.2b)), the DIPO-Ph 4 layer now covers 55 % of
	the ITO surface. The 3D growth of slightly elongated mounds increases, and their aver-
	age diameter is now 300 nm. Their average height increases to ∼30 nm. The molecular
	coverage deduced from the AFM image is 1.8 × 10 15 molecule • cm -2 , also in agreement
	with the QB-coverage. Finally, for the "thickest" layer (Figure II.2c)), corresponding to
	a deposit of 10 × 10 15 molecule • cm -2 (QB-coverage), the film covers more than 95 % of
	the ITO surface and its average thickness is ∼50 nm. The AFM molecular coverage was

II.1 ITO/DIPO-Ph 4 layer morphology spectroscopy

  will help us to conclude on the growth mode (see Chapter III.2.1).

	2.1,
	when layers are deposited over homogeneous substrates, like single crystals, three types
	of growth are classically considered. [62] The first one is the Franck Van der Merwe
	one which leads to a layer-by-layer growth. Our results show that this is not the case
	for the DIPO-Ph 4 layers. In the second one, the Volmer-Weber growth, the organic
	molecules clusters are islands, leaving bare substrate areas. That is what is seen for the
	DIPO-Ph 4 -Ph layers. It arises from the fact that the interactions between molecules (π-
	stacking) is much stronger than the interaction between the DIPO-Ph 4 molecule and the
	ITO substrate. In the third mode, the Stranski-Krastanov growth, the molecule-molecule
	interaction competes with the molecule-substrate interaction. A thin wetting layer covers
	all the substrate, on top of which the 3D island growth mode takes place. If a Stranski-
	Krastanov mode stands, the wetting layer, if present, should not exceed ∼2 nm. The
	AFM resolution does not allow concluding in this section. Note that X-ray photoemission

Table II .

 II 2 -Experimental π * /σ * ratio from Figure II.10 and Figure II.11.

	Sample		π * /σ * (%)	
	/region	π * DIP	π * Ph	π * DIP+Ph	
		Top	14	3	12	30
	C	P	14	3	13	30
		V	12	2	12	26
		Top	12	4	11	27
	D	E2	11	4	10	26
		E1	13	4	11	29

Table III .

 III 1 -Experimental In 3d 5/2 and O 1s principal peak value, FWHM of the Gaussian contribution and plasmon structure from the spectra given in Figure III.2.

	Core level Photon Energy G-FWHM Peak I BE (eV)	ω p (eV)
	In 3d 5/2	825 eV 600 eV	0.907 eV 0.837 eV	444.44 444.63	0.69 0.75
	O 1s	825 eV 600 eV	1.370 eV 1.239 eV	530.17 530.30	0.64 1.07

O 1s ∼70 eV, λ ITO ∼0.47 nm). In both cases, spectra are fitted with four components of equal widths. In more bulk sensitive conditions (hν = 825 eV) the BE of peak I (42 % of the spectra weight), II (31 %), III (22 %), and IV (6 %) are 530.17 eV, 530.81 eV, 531.78 eV and 532.89 eV, respectively. Peak II (0.6 eV from peak I) can be attributed to a plasmon loss, as also observed in the In 3d 5/2 spectra (Figure III.2a)). Peak III (1.6 eV from peak I) could correspond to the second plasmon loss or to organic contamination.

[START_REF] Bermudez | Functionalization of indium R-11 tin oxide[END_REF] 

Finally peak IV may be attributable to surface hydroxyls, that are expected in the range 532.5 -532.9 eV.

[START_REF] Harvey | Surface versus bulk electronic/defect structures of transparent conducting oxides: I. Indium oxide and ITO[END_REF][START_REF] Bermudez | Functionalization of indium R-11 tin oxide[END_REF] 

In more surface sensitive conditions (hν = 600 eV), peaks I (51 %), II (31 %), III (15 %), and IV (3 %) are found at 530.30, 531.38, 532.37, and 533.48 eV, respectively. The second observation is the increased BE shift (1.07 eV instead of 0.75 eV)

Table III

 III 

	III.2				
	Core level	Sample	G-FWHM (eV) Peak I BE (eV) ∆ ITO (eV)
		1 × 10 15 molecule • cm -2	0.808	444.73	0.10
	In 3d 5/2	2 × 10 15 molecule • cm -2	0.778	444.72	0.09
		3 × 10 15 molecule • cm -2	0.815	444.71	0.08
		1 × 10 15 molecule • cm -2	0.994	486.68	0.08
	Sn 3d 5/2	2 × 10 15 molecule • cm -2	0.924	486.71	0.11
		3 × 10 15 molecule • cm -2	1.066	486.69	0.09
			57		

.3 -Experimental In 3d 5/2 and Sn 3d 5/2 principal peak value for hν = 600 eV, FWHM of the Gaussian contribution and BE energy difference with the ITO peak (from Figure III.5).

ITO/DIPO-Ph 4 interface

  

Table III .

 III 4 -C 1s main component BE and Gaussian FWHM (G-FWHM) obtained from fits of the spectra given in Figure III.6. The core-hole lifetime Lorentzian FWHM (L-FWHM) is 80 meV for C 1 s. DIPO-Ph 4 coverages are obtained from QB-coverage. The C 1s to In 3d 5/2 intensity ratio is also given.

	Sample	Phot. Energy	G-FWHM	Peak C1 BE (eV)	Peak C2 BE (eV)	r C2 C1+C2	C 1s/In 3d 5/2 ratio
	Chemically cleaned ITO	825 eV 600 eV	1.657 eV 1.488 eV	284.91 284.92	_ _	_ _	8 % 16 %
	1 × 10 15 molecule • cm -2	600 eV	1.168 eV	284.96	286.09	0.15	65 %
	2 × 10 15 molecule • cm -2	600 eV	1.156 eV	284.96	286.26	0.13	79 %
	3 × 10 15 molecule • cm -2	600 eV	1.180 eV	285.08	286.34	0.09	139 %
	10 × 10 15 molecule • cm -2	650 eV	1.222 eV	285.06	286.00	0.11	2364 %

Table III .

 III 5 -O 1s BE and Gaussian FWHM (G-FWHM) of the main peaks obtained by fitting the spectra given in Figure III.7. The Lorentzian width (L-FWHM) is 150 meV for the O 1s peaks. r O2/(O1+O2) measures the O2 (BE 533.6±0.1 eV) contribution weight in the molecule-related spectral intensity Coverages are obtained from QB-coverage.

	Sample	Phot. Energy	G-FWHM	Peak I BE (eV)	Peak O1 BE (eV)	Peak O2 BE (eV)	r O2 O1+O2
	1 × 10 15 molecule • cm -2		825 eV 600 eV	1.436 eV 1.252 eV		530.39 530.46	532.48 532.13	533.72 533.47	0.53 0.46
	2 × 10 15 molecule • cm -2		825 eV 600 eV	1.433 eV 1.196 eV		530.43 530.42	532.40 532.12	533.70 533.50	0.52 0.48
	3 × 10 15 molecule • cm -2		825 eV 600 eV	1.378 eV 1.227 eV		530.39 530.48	532.39 532.24	533.84 533.75	0.61 0.54
	10 × 10 15 molecule • cm -2		650 eV		_		_	532.84	534.27	0.16
			0.8	XPS (8•10		
	Photoemission Intensity	(arb. units)	0.6 0.4				
			0.2				
			0.0				
			538	536	534	532	530	528
					Binding Energy (eV)

2 ITO/DIPO-Ph 4 interface

  cation,gas core ), the final state (one hole in the HOMO and one hole in the O 1s or C 1s state) can be a triplet (lowest energy state) or a singlet. Within the DFT framework, only the triplet can be calculated. To estimate the singlet-triplet energy difference, Hartree-Fock (HF) calculations are thus performed. For the cation core-level ionization energies, the singlet-triplet energy difference is 0.08 eV. The triplet and singlet states should be merged into one in the experimental spectra. Besides, the singlet state contributes to 1/3 of the ionized population. Therefore, the spectra curve is mainly due Table III.6 -Comparison of DFT and HF ionization energies for O 1s.The calculated O 1s ionization energy (IP core , i.e. the BE referenced to the vac-Considering that the ionization energy measure from the vacuum level is the sum of the binding energy measured from the Fermi level plus the work function, it comes that: TableIII.7 -Calculated DFT IP neutral,gas core or valence and IP cation,gas core or valence values for the neutral and cationic DIPO-Ph 4 molecule. For the cationic form, core-ionized energies are calculated for the triplet final state. In the estimation of BE cation,solid core or valence -BE neutral,solid core or valence , the polarization energy ∆E R is taken as 1.2 eV (see Equation (III.3)).

	O 1s IP cation,gas core	Singlet	Triplet	∆ HF Singlet-Triplet
			DFT		_	541.47 eV	_
			HF	541.56 eV	541.48 eV	0.08 eV
	∆ Core/valence level Triplet HF-DFT Energy (eV)		_ O 1s	0.01 eV C 1s Carb1 (phenyl)	C 1s Carb2 (ether)	C 1s Carb3 (central)	HOMO
	uum level) of the neutral molecule (IP neutral,gas core IP neutral,gas 537.67 core or valence IP cation,gas 541.47 core or valence IP cation,gas core or valence -IP neutral,gas 3.80 core or valence BE cation,solid core or valence -BE neutral,solid core or valence 1.40	) is 537.64 eV, while that of the molecular 289.25 290.70 289.14 5.14 292.00 294.27 293.02 8.49 2.75 3.57 3.88 3.35 0.35 1.2 1.5 1
	cation (IP cation,gas					
	Then					
			IP cation,gas core	-IP cation,solid core	= 3∆E R	(III.1)
			IP neutral,gas core	-IP neutral,solid core	= ∆E R	(III.2)
	Combining Equations (III.1) and (III.2) one obtains:
	IP cation,solid core	-IP neutral,solid core	= IP cation,gas core	-IP neutral,gas core	-2∆E R
	BE cation,solid core	-BE neutral,solid core	= IP cation,gas core	-IP neutral,gas core	-2∆E R	(III.3)
	where BE cation,solid					

to triplet-state. Also as Table

III

.

[START_REF] Scharber | Efficiency of bulk-heterojunction organic solar cells[END_REF] 

shows that the DFT and HF ionization energies for the triplet state are very close (0.01 eV), IP core will be taken from DFT calculations.

III.

core

) in the triplet state is 541.42 eV. The difference of ∼3.8 eV between the cationic (triplet) and neutral state DFT ionization energies is much larger than the O2-O1 BE difference of 1.5 eV measured for the molecular solid. In fact, a simple dielectric response model describes the relaxation energy effects via the polarization energy ∆E R of a unit charge. Then the cationic-neutral BE shift is reduced in the solid state with respect to the gas phase due to core-hole screening by the dielectric medium in the final state.

For the cation immersed in the dielectric medium, the relaxation energy is ∆E R in the initial state (charge +e) and 4∆E R in the core ionized state (charge +2e) (see Equation (I.2)), assuming that the initial state and the final state r constants are the same.

If one now considers the IP of the neutral species, the IP difference between the gas phase and the solid writes: core and BE neutral,solid core are the binding energies (measured from the Fermi level) in the solid state of the cation and the neutral species, respectively, and IP cation,solid core

2 ITO/DIPO-Ph 4 interface C3

  of the central atoms is distinct from that of the phenyl by +1 eV. Physically, this means that the central carbons have lost charge, as it can be guessed from a representation of the HOMO (Figure III.9b)). The ether carbon is found +2.3 eV higher than the phenyl, a sizeable increase when one considers the neutral molecule case. at 2.5 eV from C1 can be attributed to the ether carbons of the cation given that BE cation,solid core -BE neutral,solid core is worth ∼1.2 eV. Consequently, the hypothesis of a mixture of neutral and cationic species in similar proportions consistently explains both the O 1s and C 1s spectra. Note that the O1/O2 proportions do not depend on the sample coverage as the island aureoles probed via XPS have the same area for the different samples from 1 × 10 15 to 3 × 10 15 molecule • cm -2 . Thus, no DIPO-Ph 4 material is deposited is deposited between the islands. Therefore, the DIPO-Ph 4 growth follows a Volmer-Weber mode.

	Considering a polarization energy ∆E R of ∼1.2 eV that accounts for the solid effects,
	the energy difference BE cation,solid core	-BE neutral,solid core	is reduced to ∼0.35 eV for the phenyl
	carbon. Consequently, peak C1 in Figure III.6a) can correspond to the phenyl carbons of
	both the neutral and cationic species. Component C2 at 1.2 eV from C1 can be attributed

to the ether carbons of the neutral molecule and to the central carbons of the molecular cation, as BE cation,solid core -BE neutral,solid core is worth ∼1.5 eV for the latter ones. Component III.

Table V .

 V 2 -Calculated DFT IP neutral,gas core or valence , IP cation,gas core or valence , and IP dication,gas core or valence values for the neutral, cationic and dicationic DIPS-Ph 4 molecule. For the cationic form, coreionized energies are calculated for the triplet final state.In more details, in the case of the 10 × 10 15 molecule • cm -2 (QB-coverage) DIPSe-Ph 4 sample, we observed the A -F series. The VB spectrum for the 2 × 10 15 molecule • cm -2 sample is like an ITO VB and DIPSe-Ph 4 HOMO features are weak (Figure V.8a)). Concerning DIPS-Ph 4 , we have successfully prepared a very thick layer (10 × 10 15 as QB-coverage, but 13 × 10 15 molecule • cm -2 from AFM measurement), for which only the neutral state is seen, as proved by a single S1 component in the S 2p spectrum. We observe a clear narrow HOMO level well isolated from the A -F series (10 × 10 15 sample, see Figure V.8b)). Note that we are also able to distinguish a new feature labelled D', thanks to a good signal/noise ratio. For the "thinner deposit" (2 × 10 15 molecule • cm -2 ), which exhibits two chemically shifted S 2p doublets, the H level is now strongly broadened. We closely look at the H area for the DIPS-Ph 4 and DIPSe-Ph 4 (Figure V.8c)). For DIPSe-Ph 4 a single peak H is seen. It confirms the neutral DIPSe-Ph 4 form, and that there is no a charge transfer to ITO. Concerning the DIPS-Ph 4 (2 × 10 15 molecule • cm -2 )a new state (G) at 2.3 eV is seen (1 eV above the HOMO state). In the hypothesis of the dicationic formation, the G state cannot come from a "dicationic HOMO" state, as this one would be empty after the double charge transfer. The HOMO-1 state for neutral DIPS-Ph 4 structure is 2 eV below the HOMO state (see Figure V.1a)). The G -H energy difference is only 1.2 eV. Such a difference has already been observed for DIPO-Ph 4 with the H(+) and H states. Thus, G is attributed to the SOMO of the cationic DIPS-Ph 4 .

	V.2 Electronic properties		
	Core/valence level energy (eV)	S 2s	S 2p 3/2
	IP neutral,gas core or valence	233.82	169.52
	IP cation,gas core or valence	237.41	173.11
	IP cation,gas core or valence -IP neutral,gas core or valence	3.59	3.59
	IP dication,gas core or valence	241.47	177.17
	IP dication,gas core or valence -IP neutral,gas core or valence	7.65	7.65
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oxygen structure is the same as the one previously described (see Chapter III.1.1). In 

Chapter V. DIP heteroatom effect

component is observed with an atomic ratio Se/C equal to 6 %, which agrees with the theoretical ratio. There is no cationic form at higher (BE) which means that there may not be a charge transfer for the Se derivatives DIP. BE difference (∼1.5 eV). The polarization energy ∆E R must be similar between the oxygen and the sulphur derivatives.

In the following, we will explain the larger BE difference. One can think of a decomposition of the sulphur derivatives which must be seen on the C 1s spectra. C 1s peak Consequently, as a good donor, [START_REF] Alizon | Investigations of high conductivity of dipyranylidene and dithiadipyranylidene -TCNQ complexes[END_REF] we think of a cationic [DIPS-Ph 4 ] •+ formation.

In this way, DFT calculations have been performed on the S 2s IP core as the S 2p spinorbit doublet is not soluble. The S 2p IP core has been determined by subtracting the S 2s -S 2p A polarization energy ∆E R of ∼0.7 eV explains why the energy difference of 7.65 eV between the dicationic and neutral species, calculated in the gas phase, can be reduced to 5 eV in the solid state.

Therefore, the charge transfer and dicationic hypothesis must be regarded as likely.

In this case, the HOMO of the neutral will be completely empty for the dicationic state and no SOMO state should be observed in the VB spectrum.

V.2.2 Valence band energy level

We focus on the electronic structure of the valence band. function. [START_REF] Mason | Characterization Of Treated Indium-Tin-Oxide Surfaces Used In Electroluminescent Devices[END_REF] The dried surface is then exposed to UV-ozone treatment for 10 minutes.

A too long UV ozone cleaning could result in the degradation of the molecular layer deposition due to the formation of active oxygens. [START_REF] Lo | Direct threat of a UV-ozone treated indium-tin-oxide substrate to the stabilities of common organic semiconductors[END_REF] In some samples, ring-shaped structures remain on the ITO surface, despite the cleaning process. They are characterized by an average height of 2 nm and an average diameter of 100 nm (Figure A.1). They cover 20 % of the surface. Away from these "craters", the roughness remains low (1 nm). These defaults origin is not yet determined but for organic layer growth on top of ITO they will be more favourable nucleation point.

A.2 Dipyranylidenes

The final DIP compounds were characterized via Nuclear Magnetic Resonance (NMR)

and via elementary analysis (see Table A.1). There is no contamination detected.
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Appendix B

Experimental setups B.1 Deposition

Deposition of organic materials can be performed either via liquid or via gaseous phase.

Spin-coating has been developed to rapidly form thin films, with a thickness control depending on the speed rotation. In liquid phase methods, the molecules must have a good solubility in any solvent. Consequently, for immiscible materials, thin films are formed using thermal evaporation. All DIP deposits are prepared on commercial ITO substrate The different prepared samples are named by the average number of deposited molecules per cm 2 (QB-coverage).

For in situ prepared samples on the TEMPO beamline, the ITO substrate is exposed to a molecular beam of DIPO-Ph 4 , using a Knudsen cell positioned at 4 cm from it, after its introduction into the ultra-high vacuum (∼10 -10 mbar) preparation chamber. The molecular beam is slightly tilted. The DIP covered substrates are then introduced in the XPS analysis chamber in a pressure better than ∼10 -8 mbar.

For ex situ samples prepared at CEA laboratory, a molybdenum (Mo) crucible with the DIP molecules is positioned at 30 cm from the used substrate. The molecular beam is perpendicular to the sample holder. A QB monitor allows us to follow the deposition rate.

The substrate can be kept at room temperature or heated thanks to two lamps. Once prepared, the samples are air exposed and brought to the different synchrotron beamlines.
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B.2 Fabrication of photovoltaic devices

The 

B.3 Spectroscopy and microscopy analysis B.3.1 AFM

The surface morphology of the DIP films is investigated via atomic force microscopy (AFM) at CEA (IRAMIS group). The AFM used is a Molecular Imaging from Agilent, PicoLE, used in contact mode using a conductive Pt/Ir tip of radius 20 nm. The spring constant of the cantilever is 0.2 N • m -1 . The vertical resolution in contact mode is 0.5 nm.

The sample roughness is determined thanks to the root mean square method (RMS).

B.3.2 STXM

STXM has been performed on the PolLux beamline (Switzerland Light Source). Samples are introduced in the analysis chamber which is then pumped down to ∼10 -3 mbar. The absorption stacks are recorded at the C 1s edge (280 to 340 eV) with an X-ray beam normal to the surface and horizontally polarized. A zone plate with an outer ring spacing of 25 nm is used, allowing a spatial resolution of ∼30 nm. We also obtain spectra via 

B.3.3 XPS

The basic elements of a spectroscopy instrument are a light source, an electron energy analyser, and an electron detector.

In a laboratory system, an X-ray tube (usually with Al or Mg cathode) for XPS analysis and a He gas-discharge lamp for UPS analysis are used. Development of synchrotrons made available the whole range of excitation energies between X-ray tubes and He lamps. The difference in voltages on the hemispherical electrodes corresponds to a selection of electrons of the kinetic energy E An . The pass energy P E will define the window of the filtered electrons with E An -P E 2 < KE < E An + P E 2 . Thus, the photoelectrons are registered in a small kinetic energy range (P E); this width determines the analyser resolution. 

B.4 Theoretical calculation

DFT was performed using the GAMESS (general atomic and molecular electronic structure system) package. The cationic state is obtained by creating a hole in the HOMO.

We use the Becke three-parameter exchange functional, along with the Lee Yang-Parr gradient-corrected correlation functional (the so-called Becke three-parameter Lee-Yang-Parr (B3LYP) functional). The 6-311G* basis sets are used for carbon and oxygen and the 6-31G* basis set for hydrogen atoms.

B.5 Data analysis B.5.1 STXM stack analysis

The image stacks were post processed using aXis2000. [186] The optical density (OD) was obtained using the I 0 on the area between the DIP clusters (absorption of the Si 3 N 4 substrate) and the decomposition of the stacks into main spectral components was performed via principal component analysis (PCA). Absorption spectra were normalized to the edge jump and were fitted using an error function curve as background, [START_REF] Stöhr | NEXAFS Spectroscopy[END_REF] cen-Appendix B. Experimental setups tred at 288.9 eV (IP ). Energy calibration of the beamline was checked by measuring a reference PCBM film. Main transitions have been fitted with Gaussian.

B.5.2 Core levels analysis

After subtraction of a Shirley background, the spectra are reconstructed with sums of Voigt functions, with respectively a 340, 380, 80, 150, 199, and 210 meV Lorentzian full widths at half maximum (FWHM, corresponding to the core-hole lifetime) for Sn 3d, In 3d, C 1s, O 1s, In 4d and Sn 4d, respectively, according to the literature. [START_REF] Campbell | Widths of the Atomic K-N7 Levels[END_REF] The Gaussian contribution, which may change according to the chemical environment, is indicated in the text. It is worth noticing that the value of the core/valence level width σ i can be determined according to Hwang et al. work: [188] 

Surface relaxation processes (σ surf ) and vibrational coupling (σ vib ) are estimated to be both in the range of 0.05-0.2 eV. [START_REF] Hwang | Energetics of metal-organic interfaces: New experiments and assessment of the field[END_REF] The instrumental resolution (σ inst ) is measured at the Fermi edge of a clean metal sample (σ inst (Au) = 0.08 eV). σ i can be then used as a key value for the determination of the effective injection barrier. [189] Binding energies (BE) are referenced with respect to the Fermi level (E F ) determined from a scrapped area of the copper sample holder in electrical contact with the ITO substrate. The work function is determined by measuring the kinetic energy (KE) of the secondary electron cut-off (KE CO ). To avoid truncating the spectrum by the analyser work-function, the sample is negatively biased (to -20 V) with respect to the analyser.

The knowledge of KE CO , that of the kinetic energy of the Fermi level (KE F L ) measured on the metallic contact, and the precise determination of the photon energy hν (using 1 st and 2 nd order core level peaks), enables the determination of the work function Φ of the sample as Φ = hν -(KE F L -KE CO ).
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Appendix C

Complementary results

C.1 Morphology at the TEMPO beamline

For the study of metal/organic interface electronic properties, we had to prepare samples and bring them to synchrotron facilities, which means air exposure and thus contaminations. Consequently, we also prepared samples directly in the preparation chamber of the X-ray experiments. From an evaporation system to another, there could be a change in the global geometry. We present in this point the effect of the molecular beam incidence In this case, 3D growth of nearly circular mounds switches to that of recumbent, elongated (needle-like) mounds. Their average height is 30 and 40 nm for the 1 × 10 15 and the 3 × 10 15 molecule • cm -2 samples, respectively. For this coverage, the typical As a consequence, results for the ex situ samples are strictly identical to the ones of the in situ samples. We thus decided to prepare the samples in our well-controlled evaporation system. The layer morphology is thus unchanged and well-known before the synchrotron experiments.

C.3 Solar cell characterization

The main parameter of solar cell performance is the power conversion efficiency (P CE).

The P CE of a solar cell is defined as the ratio of maximum output power density (P out )

to the intensity of incident light (P in ). P out depends on open circuit voltage (V OC ), short circuit current density (J SC ) and fill factor (F F ) (see Figure C.3). The P CE formula can be expressed as the following:

where V max and J max are respectively the voltage and the current density at P out . Fill factor (F F ):

The fill factor is the ratio of the maximum power output (P out ) of a solar cell to the product of the V OC and J SC , describing the quality of the photovoltaic devices. The equation is expressed as: In a first approximation, the equivalent circuit cell is shown Figure C.4a). In this description, the two electrodes are decoupled and only the efficiency of the active layer to convert the photon can describe the electrical processes. A better comprehension of the working steps into the device lead to a more complex description. Indeed, the exciton recombination/de-excitation, charge losses due to material defaults, layer arrangement defaults, and electronical losses can be highlighted by the J-V curve and a more complex equivalent electrical circuit (Figure C.4b)). In this schema, R S is the total resistance of all the layers. R Sh represents current leakage, such as impurity induced or p-n junction leakage. From a graphical point of view, the value of R S can be approximated from the inverse slope of the J-V curve at forward bias, while R Sh is the inverse slope of the J-V