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Introduction

The nanoscale structure of molecules and their local electronic properties can be studied by scanning probe microscopies or SPMs, general abbreviation for various techniques using probe instruments, mainly scanning tunneling microscopy (STM) and atomic force microscopy (AFM), which are ideal to study 2D materials [START_REF] Deshpande | Scanning probe microscopy of graphene[END_REF][START_REF] Caballero-Quintana | Scanning Probe Microscopy Analysis of Nonfullerene Organic Solar Cells[END_REF]. Based on the interaction between a fine probe tip in proximity to a sample, surface morphological issues, electrical and electronic properties can thus be finely investigated [START_REF] Deshpande | Scanning probe microscopy of graphene[END_REF][START_REF] Caballero-Quintana | Scanning Probe Microscopy Analysis of Nonfullerene Organic Solar Cells[END_REF]. For instance, STM has been used for imaging the process of selfassembled molecular systems, revealing the parameters involved in monolayer formation: physical parameters (i.e., concentration of solutes, wettability, contact angles, surface tension, temperature) and chemical parameters (i.e., molecular structure, orbital configuration) [START_REF] Ferreira | Bottom-Up Self-Assembled Supramolecular Structures Built by STM at the Solid/Liquid Interface[END_REF]. On the other hand, AFM is regularly used to characterize morphology of the bulk heterojunction (BHJ) blend in organic solar cells (OSCs) [START_REF] Coffey | Nanoscale characterization of squaraine-fullerene-based photovoltaic active layers by atomic force microscopy mechanical and electrical property mapping[END_REF]. Besides AFM surface topography measurements, various electrical modes of AFM, such as Kelvin probe force microscopy (KPFM) and conductive-AFM (c-AFM), play an increasing role in understanding the influence of the nanoscale morphology of optoelectronics devices [START_REF] Coffey | Nanoscale characterization of squaraine-fullerene-based photovoltaic active layers by atomic force microscopy mechanical and electrical property mapping[END_REF]. J. Lee et al. [START_REF] Lee | Potential Dip in Organic Photovoltaics Probed by Cross-sectional Kelvin Probe Force Microscopy[END_REF], used KPFM to study the internal potential distribution of the PCDTBT:PCBM-based OSCs active film, demonstrating the usefulness of this non-invasive approach for quantifying and mapping local differences in electrical performance due to structural heterogeneities. Likewise, by using c-AFM measurements, topography and current maps of perovskite solar cells (PSCs) were compared to analyze how the perovskite grain size affects the device conversion efficiency [START_REF] Lee | Evaluating the Optoelectronic Quality of Hybrid Perovskites by Conductive Atomic Force Microscopy with Noise Spectroscopy[END_REF].

Very recently, OSCs have reached a power conversion efficiency (PCE) over 18% [START_REF] Liu | 18% Efficiency organic solar cells[END_REF][START_REF] Lin | Self-Assembled Monolayer Enables Hole Transport Layer-Free Organic Solar Cells with 18% Efficiency and Improved Operational Stability[END_REF]. In conventional OSC architecture, the transparent anode electrode is generally coated with a p-type material as hole transport layer (HTL) -the most frequently used HTL being PEDOT:PSS-, which prevents a direct contact between the anode and the active layer, thus reducing electrical charge recombination and maximizing the extraction of holes towards the anode for a higher overall performance [START_REF] Chien | Effects of hole-transport layer homogeneity in organic solar cells -A multi-length scale study[END_REF][START_REF] Jeon | 2D/2D vanadyl phosphate (VP) on reduced graphene oxide as a hole transporting layer for efficient organic solar cells[END_REF]. However, PEDOT:PSS has several limitations that can severely compromise the stability of the devices: for example, the chemical interaction between PEDOT:PSS and ITO (indium-tin oxide, one of the most used transparent electrodes) causes the corrosion of ITO due to acidity, and further, the hygroscopic nature of PEDOT:PSS can reduce the device performance [START_REF] Nicasio-Collazo | Functionalized and reduced graphene oxide as hole transport layer and for use in ternary organic solar cell[END_REF]. Therefore, the search for new HTL materials to replace PEDOT:PSS is of growing interest.

Recently, graphene, as a 2D material, has gained noteworthy attention because it possesses excellent intrinsic properties, such as high thermal conductivity, transparency, and high electricalcharge mobility [START_REF] Nicasio-Collazo | Functionalized and reduced graphene oxide as hole transport layer and for use in ternary organic solar cell[END_REF][START_REF] Huang | Improving the performance of polymer solar cells by efficient optimizing the hole transport layer-graphene oxide[END_REF]. Several groups have used graphene derivatives as HTL in OSCs [START_REF] Nicasio-Collazo | Functionalized and reduced graphene oxide as hole transport layer and for use in ternary organic solar cell[END_REF][START_REF] Huang | Improving the performance of polymer solar cells by efficient optimizing the hole transport layer-graphene oxide[END_REF][START_REF] Yun | Solutionprocessable reduced graphene oxide as a novel alternative to PEDOT:PSS hole transport layers for highly efficient and stable polymer solar cells[END_REF][START_REF] Murray | Graphene Oxide Interlayers for Robust, High-Efficiency Organic Photovoltaics[END_REF][START_REF] Kim | Fluorinefunctionalized and simultaneously reduced graphene oxide as a novel hole transporting layer for highly efficient and stable organic photovoltaic cells[END_REF][START_REF] Amargos-Reyes | Single graphene derivative layer as a hole transport in organic solar cells based on PBDB-T:ITIC[END_REF].

In this context, self-assembled monolayers (SAMs) of organic molecules, as 2D sheets, have also been considered as an alternative to conventional HTLs [START_REF] Yalcin | Semiconductor self-assembled monolayers as selective contacts for efficient PiN perovskite solar cells[END_REF]. The main advantage of SAMs is the ability to tune the electrical properties of the surface on which they are attached, the modulation of the work function allows a proper energy alignment between the electrode and the active layer [START_REF] Casalini | Self-assembled monolayers in organic electronics[END_REF]. Alternative HTLs based on small molecular materials as SAMs have been used in solar cells showing similar or even higher PCE values than when using PEDOT:PSS [START_REF] Lin | Self-Assembled Monolayer Enables Hole Transport Layer-Free Organic Solar Cells with 18% Efficiency and Improved Operational Stability[END_REF][START_REF] Yalcin | Semiconductor self-assembled monolayers as selective contacts for efficient PiN perovskite solar cells[END_REF][START_REF] Casalini | Self-assembled monolayers in organic electronics[END_REF].

Besides graphene and graphene oxide derivatives, attractive for their transparency and charge carrier properties, other carbon-and electron-rich molecules, namely carbo-mers [START_REF] Chauvin | Carbomers". I. A general concept of expanded molecules[END_REF], are envisaged for the formation of SAMs. Carbo-mers constitute a family of carbon-enriched molecules that are formally obtained by systematic insertion of C2 units into each (or a selected part) of the covalent bonds for a representative Lewis structure of any parent molecule [START_REF] Chauvin | Carbomers". I. A general concept of expanded molecules[END_REF]. Ring carbo-mers of benzenic derivatives have been thoroughly studied during the last 20 years, at both the theoretical and experimental levels, and were shown to exhibit unique features making them attractive for several applications [START_REF] Maraval | From macrocyclic oligo-acetylenes to aromatic ring carbo-mers[END_REF][START_REF] Cocq | Carbo-aromaticity" and novel carbo-aromatic compounds[END_REF][START_REF] Chauvin | Synthesis of Functional Carbo-benzenes with Functional Properties: The C2 Tether Key[END_REF]. In particular, the planar hexagonal -conjugated C18 macrocycle of carbo-benzenes confers them, depending on their substituents, linear and nonlinear optical [START_REF] Leroyer | From hexaoxy-[6]pericyclynes to carbo-cyclohexadienes, carbo-benzenes, and dihydro-carbobenzenes: synthesis, structure, and chromophoric and redox properties[END_REF][START_REF] Cure | A triptych photocatalyst based on the Co-Integration of Ag nanoparticles and carbo-benzene dye into a TiO2 thin film[END_REF][START_REF] Baglai | Difluorenyl carbo-Benzenes: Synthesis, Electronic Structure, and Two-Photon Absorption Properties of Hydrocarbon Quadrupolar Chromophores[END_REF], mesogenic or conductive properties [START_REF] Zhu | 3D and 2D supramolecular assemblies and thermotropic behaviour of a carbobenzenic mesogen[END_REF][START_REF] Li | Towards graphyne molecular electronics[END_REF]. The charge transport properties of carbo-benzenes, associated with their flat flexible "carbo-aromatic" structure [START_REF] Cocq | Carbo-aromaticity" and novel carbo-aromatic compounds[END_REF], still deserve further investigations, in particular regarding the formation of SAMs to conform novel 2D materials, and their testing as HTL.

In the present work, SPM techniques are used to characterize three carbo-meric molecules of different symmetries and self-assembled properties. The first of the tested molecules is a dianilin-4-yl-carbo-benzene reported as a centrosymmetric (quadrupolar) representative 1 [START_REF] Rives | Highly pi electron-rich macro-aromatics: bis(p-aminophenyl)-carbo-benzenes and their DBA acyclic references[END_REF]; the second is a new dianilin-4-yl-carbo-benzene with dipolar structure whose synthesis is herein documented corresponding to the representative 2; the third molecule is a centrosymmetric carbo-quinoid, i.e., 3-dithiol-2-ylidene-carbo-quinoid, recently reported and so-called "carbo-TTF" 3 [START_REF] Listunov | Core carbo-mer of an Extended Tetrathiafulvalene: Redox-Controlled Reversible Conversion to a carbo-Benzenic Dication[END_REF] (see Fig. 1a). STM images of 1 and 3 show the 2D arrangement of these C18 ring carbo-mers on a Highly Oriented Pyrolytic Graphite (HOPG) substrate. Electrical/electronic properties of the three carbomers were determined by using AFM and its electrical modes: KPFM and c-AFM. Work function (∅) values measured through KPFM are ∅ = 5.60 eV for 1, 4.97 eV for 2, and 4.82 eV for 3. Hole mobility (µ) values extracted from local I-V plots by using c-AFM are 15 × 10 -8 𝑐𝑚 2 𝑉 -1 𝑠 -1 for 1, 3 × 10 -6 𝑐𝑚 2 𝑉 -1 𝑠 -1 for 2, and 87 × 10 -8 𝑐𝑚 2 𝑉 -1 𝑠 -1 for 3. In addition, the three carbo-mers were implemented (concept tests) for the formation of possible selfassembled hole-transport monolayers (SA-HTL) in OSCs. OSCs were fabricated under the direct configuration: ITO/HTL/PEDOT:PSS/PBDB-T:ITIC/PFN/FM, where PBDB-T is the electrodonor, ITIC is a non-fullerene acceptor, PFN is an alcohol/water soluble conjugated polymer used as electron transport layer (ETL) [START_REF] Barreiro-Arguelles | PTB7:PC71BM-Based Solar Cells Fabricated With the Eutectic Alloy Field's Metal as an Alternative Cathode and the Influence of an Electron Extraction Layer[END_REF], see Fig. 1a); and FM = Field's metal is an alternative top electrode composed of Bi, Sn and In that has been previously reported by our group [START_REF] Barreiro-Arguelles | PTB7:PC71BM-Based Solar Cells Fabricated With the Eutectic Alloy Field's Metal as an Alternative Cathode and the Influence of an Electron Extraction Layer[END_REF][START_REF] Amargós-Reyes | Organic photovoltaic cell analysis through quantum efficiency and scanning tunneling microscopy of the donor/blend as an active film[END_REF][START_REF] Romero-Borja | Organic solar cells based on graphene derivatives and eutectic alloys vacuum-free deposited as top electrodes[END_REF]. The best PCE with a HTL of PEDOT:PSS was 5.5%, whereas with 2 as SA-HTM it was 3.9%. Without a HTL, OSCs showed a PCE of 2.7%. Although PCE values close to 9 % have been achieved in our group under the same configuration (with PEDOT:PSS as HTL) [START_REF] Caballero-Quintana | Scanning Probe Microscopy Analysis of Nonfullerene Organic Solar Cells[END_REF][START_REF] Amargos-Reyes | Single graphene derivative layer as a hole transport in organic solar cells based on PBDB-T:ITIC[END_REF], for this current study the maximum PCE was 5.5% because of the non-optimized procedure followed in [START_REF] Caballero-Quintana | Scanning Probe Microscopy Analysis of Nonfullerene Organic Solar Cells[END_REF][START_REF] Amargos-Reyes | Single graphene derivative layer as a hole transport in organic solar cells based on PBDB-T:ITIC[END_REF]; however, the main purpose in these concept tests is just to compare PV performance of OSCs with PEDOT:PSS and carbo-mer SAMs as HTL. These results show that upon optimization, carbomer-based SA-HTLs would be possible alternatives for OSCs. 

Experimental

Material and reagents

Synthesis of the carbo-benzene 2

2 was prepared in two steps from the known [START_REF] Lee | Evaluating the Optoelectronic Quality of Hybrid Perovskites by Conductive Atomic Force Microscopy with Noise Spectroscopy[END_REF]pericyclynedione 4 (Scheme 1) [START_REF] Cocq | Carbo-benzene's aromaticity, before and beyond: a tribute to Nozoe[END_REF].

To a solution of 4 (0.100 g, 0.147 mmol) in THF (10 mL) was added at 0 °C a solution of Grignard reactant, itself prepared by addition of bromo-bis-trimethylsilylaniline (0.23 mL, 0.88 mmol) to Mg (0.021 g, 0.86 mmol) in THF (1.5 mL) at room temperature. The resulting mixture was stirred 1 h at 0 °C and overnight at room temperature, before treatment with water. The aqueous layer was extracted with diethyl ether, and the combined organic layers were washed with brine, separated, dried with MgSO4 and concentrated under reduced pressure. The residue containing the [START_REF] Lee | Evaluating the Optoelectronic Quality of Hybrid Perovskites by Conductive Atomic Force Microscopy with Noise Spectroscopy[END_REF]pericyclynediol 5 was directly engaged in the next step without further purification.

To solution of 5 (0.147 mmol) in DCM (70 mL) under stirring at -78 °C were added successively SnCl2 (0.283 g, 0.149 mmol) and HCl (1.54 mL, 0.3 mmol). The resulting mixture was allowed to slowly warm up to 0 °C before stirring for 1 h at room temperature. Then an aqueous solution of NaOH (1M, 3 mL) was added and the stirring was maintained overnight. After washing with brine, the organic layer was separated, dried with MgSO4 and concentrated under reduced pressure. The residue was purified by silica gel chromatography (pentane/acetone/THF 8:1:1, then 6:2:2 then THF/acetone 1:1) to give 2 as a violet solid (0.016 g, 15 % from 4). 

Thin films fabrication for SPM measurements

For STM measurements at the liquid/solid interface [START_REF] Caballero-Quintana | Semiconducting Polymer Thin Films Used in Organic Solar Cells: A Scanning Tunneling Microscopy Study[END_REF][START_REF] Caballero-Quintana | Interfacial Energetic Level Mapping and Nano-Ordering of Small Molecule/Fullerene Organic Solar Cells by Scanning Tunneling Microscopy and Spectroscopy[END_REF], carbo-mer samples (1, 2 or 3) were dissolved in 1-phenyloctane with a concentration about 0.1 mM and then deposited on HOPG by the drop casting method (thickness ~160 pm, SAMs). For KPFM and c-AFM determinations, they were dissolved in chlorobenzene with a concentration about 1 mg/mL and then deposited on ITO surface by drop coating technique (thickness ~10 nm, thin films).

Films characterization

STM/AFM topographies were obtained with a Nanosurf Easyscan 2 STM/AFM operating at constant current mode. AFM electrical measurements were carried out by using a SmartSPM-1000 AFM from AIST-NT (current noise of 200 fA). Platinum-coated AFM tips (HQ:NSC15/PT from MikroMasch, PtSi-CONT/NCH and ATEC-CONTPt-SPL from Nanosensors) were used. For KPFM measurement PtSi AFM tips and two-pass mode were used. To calibrate the KPFM system, contact potential difference (CPD) was used where ∅ of PtSi tip was measured by calibrating it with Highly Oriented Pyrolytic Graphite (HOPG) as reference sample, then ITO reference sample was measured to further check this calibration. Before calibration, HOPG substrate was cleaved by using the adhesive tape technique to achieve an atomically clean surface and, ITO substrate was cleaned sequentially in a soap solution, distilled water, acetone, and isopropanol, in each case for 15 min in an ultrasonic bath and dried in an oven at 80 °C. The work function for PtSi was ∅ = 5 ± 0.13 eV, which agrees with previous reports [START_REF] Giannazzo | Conductive Atomic Force Microscopy of Semiconducting Transition Metal Dichalcogenides and Heterostructures[END_REF][START_REF] Bampoulis | Defect Dominated Charge Transport and Fermi Level Pinning in MoS2/Metal Contacts[END_REF]. Once the PtSi tip and KPFM system were calibrated, measurements were consistence on the multiple samples with a standard deviation 

OSCs fabrication and characterization

The ITO-covered glass substrates were cut (~1.8 cm × 1.8 cm) and ultrasonically cleaned consecutively for 20 min in a detergent solution, distilled water, and isopropanol, and dried in an oven at 80 °C for at least 12 h. ITO substrates were treated with oxygen plasma for 20 min before coating. For the HTL, PEDOT:PSS and possible carbo-mer SA-HTLs (from 1, 2 and 3) were tested (see Fig. 1b). A PEDOT:PSS layer of ~ 40 nm thickness was spin-coated at 4500 rpm for 1 min on top of the ITO substrate and dried in an oven for 30 min at 80 °C. Carbo-mers were dissolved in 1-phenyloctane (c.a. 0.1 mM) and kept under stirring for 30 min. ITO substrates were immersed in SAM solutions for 12 h. After that, substrates were rinsed with toluene to remove residual SAM molecules that would not be strongly bonded on the ITO surface. For the active layer, PBDB-T was used as electro-donor and ITIC as electro-acceptor (see Fig. 1a). The solution of the active layer was prepared by dissolving PBDB-T and ITIC at 1:1 w/w, 20 mg/mL in anhydrous chlorobenzene/1,8-diiodooctane (99.5:0.5 v/v) within a glovebox under nitrogen atmosphere. The solution was stirred in a magnetic stir plate for about 24 h at room temperature.

Then, it was spin-coated, at 2500 rpm for 1 min (active layer thickness ~ 100 nm) inside the glovebox, onto the PEDOT:PSS or 1, 2 or 3 monolayer. The active layer was annealed at 160 °C for 10 min. A PFN layer (~5-10 nm) was spin-coated at 6000 rpm on top of the active layer and exposed to thermal annealing for 15 minutes at 80 °C. The active area of devices (0.07 cm 2 ) was delimited with a Scotch tape. FM top electrode was deposited by drop casting on top of the PFN layer, after melting it at 95 °C in a hot plate; during this procedure, the OSC device was kept on the hot plate at the same temperature. Additional details can be found elsewhere [START_REF] Barreiro-Arguelles | PTB7:PC71BM-Based Solar Cells Fabricated With the Eutectic Alloy Field's Metal as an Alternative Cathode and the Influence of an Electron Extraction Layer[END_REF][START_REF] Amargós-Reyes | Organic photovoltaic cell analysis through quantum efficiency and scanning tunneling microscopy of the donor/blend as an active film[END_REF][START_REF] Romero-Borja | Organic solar cells based on graphene derivatives and eutectic alloys vacuum-free deposited as top electrodes[END_REF]. Fig. 1a)

shows the chemical structure of the studied carbo-meric molecules. In Fig. 1b), the glass/ITO/HTL/PBDB-T:ITIC/PFN/FM OSC architecture used in this work is schematized, where HTL is PEDOT:PSS or carbo-meric SAMs as mentioned above. The OSCs were illuminated with the Air Mass 1.5 spectrum (1000 W/m 2 ) provided by a solar simulator Sciencetech SS150 class AAA, which was calibrated using a 15151 calibrated reference cell from abet technologies.

Current density vs voltage (J-V) curves were acquired by a Keithley 2450 source-meter in ambient conditions. 

Results and Discussion

The optical absorption in solution of the carbo-mers 1-3 is displayed in Fig. 2. These spectra present the characteristic features of carbo-benzenes [START_REF] Leroyer | From hexaoxy-[6]pericyclynes to carbo-cyclohexadienes, carbo-benzenes, and dihydro-carbobenzenes: synthesis, structure, and chromophoric and redox properties[END_REF]; for instance, the carbo-benzene 1 bearing NMe2 substituents on the phenyl groups in para position of the C18 macrocycle exhibits an intense absorption band at 2.37 eV (523 nm) and a low-lying energy band of weak intensity at 1.91 eV (649.1 nm). The carbo-benzene 2 bearingNH2 substituents on the phenyl groups in meta

a) b) c)
positions of the C18 ring has its maximum of absorption at 2.51 eV (494 nm), shifted by +0.14 eV with respect to 1, characterized as a single main band with a long tail of absorption structured with two shoulders (2.04 and 2.28 eV). Finally, the carbo-quinoid 3 has two intense bands in the red and blue regions of the spectrum at 1.96 eV (632.5 nm) and 2.78 eV (446 nm), respectively, resembling the characteristics of the dichromic carbo-cyclohexadiene [START_REF] Leroyer | From hexaoxy-[6]pericyclynes to carbo-cyclohexadienes, carbo-benzenes, and dihydro-carbobenzenes: synthesis, structure, and chromophoric and redox properties[END_REF]. The inset in Fig. 2 shows the Tauc plots from which optical bandgap energies Eg of 1.82, 2.13 and 1.86 eV are calculated for 1, 2 and 3, respectively. Here the optical bandgap is interpreted as the onset of optical absorption that produces excitons. The value of Eg in 2 is due to a combined effect of the substituents on the phenyl groups in meta or para positions of the carbo-benzene and the strength of the donating groups; the Eg value of the carbo-quinoid 3 is similar to the Eg value of 1. Notice that the Tauc plot shows additional linear edges for 1, 2 and 3, corresponding to bandgaps of 2.25, 2.33 and 2.64 eV, respectively. Two linear edges in Tauc plots are also commonly observed in other organic materials characterized by structured absorption spectra, such as porphyrins [START_REF] Clavian | Enhanced third order optical nonlinearity in ultrathin amorphous film of tetraphenyl-porphyrin in picosecond regime[END_REF][START_REF] Dongol | Optical Properties of Nano 5,10,15,20-Tetraphenyl-21H,23H-Prophyrin Nickel (II) Thin Films[END_REF][START_REF] El-Nahass | Influence of X-ray irradiation on the optical properties of iron (III) chloride tetraphenylporphyrin thin films[END_REF] where the optical gap of lowest energy is the onset of absorption while the one of higher energy is the fundamental energy gap, namely, the energy gap between a combination of the HOMO - Highly ordered self-assembled monolayers of the carbo-benzene 1 and carbo-quinoid 3 are shown in Figs. 3a)-b). For the carbo-benzene 2, no STM image was observed in 1-phenyloctane at any concentration [START_REF] Xiao | Non-Fullerene Acceptors With A2 = A1-D-A1 = A2 Skeleton Containing Benzothiadiazole and Thiazolidine-2,4-Dione for High-Performance P3HT-Based Organic Solar Cells[END_REF], which does not necessarily mean that a SAM layer is not formed. It has been reported [START_REF] Carter | Small molecule chemisorption on indium-tin oxide surfaces: enhancing probe molecule electron-transfer rates and the performance of organic light-emitting diodes[END_REF][START_REF] Bermudez | Functionalization of indium tin oxide[END_REF] that hydrogen bond donors such as carboxylic acid (CO2H) or thiol (SH) groups interact with ITO substrates. The carbo-benzene 2 can thus also be anticipated to bind to the ITO by its anilinyl amine groups (NH2) [START_REF] Bermudez | Functionalization of indium tin oxide[END_REF]. In the case of the carbo-benzene 1 and carbo-TTF 3, a charge transfer interaction with the surface oxide (ITO -… 1/3 + ) can be invoked to be facilitated by weak oxidation potentials through (quasi)reversible processes (E1/2(1) = + 0.51 V vs SCE, Ep/1/2(3) = + 0.18 V vs Fc/Fc + , in dichloromethane solution) [START_REF] Rives | Highly pi electron-rich macro-aromatics: bis(p-aminophenyl)-carbo-benzenes and their DBA acyclic references[END_REF][START_REF] Listunov | Core carbo-mer of an Extended Tetrathiafulvalene: Redox-Controlled Reversible Conversion to a carbo-Benzenic Dication[END_REF]. Besides, the formation of regular monolayers is expected from the tendency of the macrocyclic cores to stack face-to-face by π-π interactions when titled at surfaces [START_REF] Zhu | 3D and 2D supramolecular assemblies and thermotropic behaviour of a carbobenzenic mesogen[END_REF][START_REF] Listunov | Core carbo-mer of an Extended Tetrathiafulvalene: Redox-Controlled Reversible Conversion to a carbo-Benzenic Dication[END_REF]. STM images of 1 and previously described images of 3 [START_REF] Listunov | Core carbo-mer of an Extended Tetrathiafulvalene: Redox-Controlled Reversible Conversion to a carbo-Benzenic Dication[END_REF] (Figs. 3a)-b)) show ordered monolayers along two horizontal (in-plane)

orientations. The polarity of the electron-donating dimethylanilinyl groups of 1 plays a key role in the molecular orientation on the substrate, because it leads to a complex combination of forces (attractive and repulsive, short-and long-range) that allows the control of assembly dimensionality on the surface with a dipole moment along the molecular axis [START_REF] Alberti | Synthesis oftrans-A2B2-andtrans-A2BC-Porphyrins with Polar 4′-(Dimethylamino)tolan-4-yl Substituents, and a Screening Protocol for Vapor-Phase Deposition on Metal Surfaces[END_REF]. Indeed, all atoms are arranged in such a way that the unit-cell axes of the packing arrangement remain unchanged within the domain itself. Benneckendorf et al. [START_REF] Benneckendorf | Structure-Property Relationship of Phenylene-Based Self-Assembled Monolayers for Record Low Work Function of Indium Tin Oxide[END_REF] reported the structure-property relationships of dipolar phenyl and biphenylphosphonic acid: the strengths of the dipoles are varied through the inclusion of electron-withdrawing fluorine atoms and the molecular length, however, the surface energy is kept constant through the electron-donating N,N-dimethylamine fragment, which were able to form self-assembled monolayers on indium-tin oxide (ITO) electrodes modifying its work function (∅). In addition, quantum mechanical calculations showed that the dipole vector of N,Ndimethylaniline derivatives is orientated towards the electrode interface, directly influencing changes of the ∅ value [START_REF] Benneckendorf | Structure-Property Relationship of Phenylene-Based Self-Assembled Monolayers for Record Low Work Function of Indium Tin Oxide[END_REF]. Meanwhile, by removing the methyl groups from the amino fragment, from NMe2 in 1 (quadrupolar) to NH2 in 2 (dipolar), the work function of the metal surfaces has been modified by the adsorption of SAMs, which form surface dipoles [START_REF] Taylor | Tuning the work function of the silicene/4 x 4 Ag(111) surface[END_REF], as observed for 1 but also for the dithiolylidene-substituted carbo-quinoid 3. The ACF (from the Gwyddion software), exposes the lattice vectors of the self-assembly and the separation distance between neighboring molecules (see Figs. 3c)-d)). Characteristic lattice vector data, through STM, are summarized in Table 1. Table 1. Lattice parameters of SAMs of the carbo-benzene 1 and carbo-quinoid 3 on HOPG (STM determinations).

Carbo-mer a (nm) b (nm) α (°)

1 1.41 1.37 89 
2 - - - 3 1.32 1.

97

As previously reported [START_REF] Listunov | Core carbo-mer of an Extended Tetrathiafulvalene: Redox-Controlled Reversible Conversion to a carbo-Benzenic Dication[END_REF], STM topography of the carbo-quinoid 3 exposes extended layers of self-assembled molecules with an average thickness of ~160 pm. In the case of the carbo-benzene 4a) reveals a columnar arrangement. However, high resolution STM image (Fig. 4b) shows that the macrocycles are twisted out of the molecular plane, which may be attributed to rotation of the already twisted C-N bonds induced by repulsion between the lone-pair electrons at the nitrogen and the substrate (see blue arrows in Fig. 4b) [START_REF] Law | Squaraine chemistry: effects of structural changes on the absorption and multiple fluorescence emission of bis[4-(dimethylamino)phenyl]squaraine and its derivatives[END_REF], where the bright points can be assigned to the dimethylanilinyl groups. Fig. 4c) shows a schematic drawing of the self-assembly of the blue arrows zones in Fig. 4b). As suggested by the STM images, the organization of the molecules on the substrate to form SAMs is governed by weak intermolecular interactions between the π-electron-rich, planar and moderately rigid carbo-aromatic C18 cores [START_REF] Cocq | Carbo-aromaticity" and novel carbo-aromatic compounds[END_REF], depending on both their substitution pattern (dipolar or quadrupolar) and the nature of their substituents: the molecules are anchored to the substrate but their mean planes are not parallel to its surface, titling and overlapping with neighbors by π-π stacking. These π-stacking interactions are however likely too weak by themselves to allow the formation of stable multilayers on the ITO without assistance of hydrogen bond donor or acceptor. Indeed, π-π stacking between carbo-benzene rings are quite rare, even in the crystal state, with only partial parallel overlap of C18 hexagons, e.g. by 25 % only in titled C18-C18 columnar arrangements of carbo-benzene hydrocarbons [START_REF] Zhu | 3D and 2D supramolecular assemblies and thermotropic behaviour of a carbobenzenic mesogen[END_REF][START_REF] Zhu | Lipidic Carbo-benzenes: Molecular Probes of Magnetic Anisotropy and Stacking Properties of α-Graphyne[END_REF].

For imaging the electrical properties of thin layers of carbo-mers, films with a thickness of ~10 nm were deposited on ITO substrates. Figs. 5 a)-c) correspond to a Root Mean Square (RMS) roughness (Rq) analysis resulting in the values: Rq = 12 nm for 1, Rq = 18 nm for 2 and Rq = 8 nm for 3; these relatively high roughness values are due to the low solubility of the studied carbomers, preventing the preparation of highly regular and smooth thin solid films by drop casting or spin casting techniques. Such a lack of solubility of carbo-benzene derivatives is a general issue that was shown to prevent their study for organic photovoltaic applications ̶ as either donor or acceptor components in the active layer ̶ as mentioned in previous reports [START_REF] Zhu | Hexaaryl-carbo-benzenes revisited: a novel synthetic route, crystallographic data, and prospects of electrochemical behavior[END_REF][START_REF] Chammam | Expanding the carbo-Benzene Chemical Space for Electron-Accepting Ability: Trifluorotolyl/Tertiobutyl Substitution Balance[END_REF].

KPFM is an electrical mode of AFM, which can visualize the changes in the internal potential distribution between the tip and the surface, commonly referred to as the contact potential difference (CPD) [START_REF] Caballero-Quintana | Scanning Probe Microscopy Analysis of Nonfullerene Organic Solar Cells[END_REF][START_REF] Wagner | Kelvin probe force microscopy for local characterisation of active nanoelectronic devices[END_REF]. KPFM is one of the most sensitive techniques for ∅ measurement, determined from surface contact potential differences (VCPD) between the conductive tip and the sample [START_REF] Mutlu | Performance improvement of organic solar cell via incorporation of donor type self-assembled interfacial monolayer[END_REF]. Figs. 5 d)-f) show the potential distribution on the surface of films of carbo-mers on ITO measured through KPFM. Here, the use of uniform PtSi-coated tips avoid topography correlated artifacts (topography inhomogeneities induced by electrostatic forces through the contact of the tip with the sample) [START_REF] Wrana | Kelvin probe force microscopy work function characterization of transition metal oxide crystals under ongoing reduction and oxidation[END_REF] and the contact potential difference gives ∅ value of 5.60

eV for 1, 4.97 eV for 2, 4.82 eV for 3. where each curve being the average of 4 measurements resulting in a relative standard deviation of the mean from 10% -17 % due to the roughness in each film [START_REF] Button | High-resolution charge carrier mobility mapping of heterogeneous organic semiconductors[END_REF]. From these local I-V curves (Fig. 6b), hole mobility (µ) was extracted by using a modified space-charge limited current (eq. 1)

(SCLC) model that accounts for the AFM tip-sample geometry [START_REF] Button | High-resolution charge carrier mobility mapping of heterogeneous organic semiconductors[END_REF][START_REF] Reid | Space charge limited current measurements on conjugated polymer films using conductive atomic force microscopy[END_REF]; additional details of the used parameters for the quantitative interpretation can be found elsewhere [START_REF] Caballero-Quintana | Scanning Probe Microscopy Analysis of Nonfullerene Organic Solar Cells[END_REF][START_REF] Button | High-resolution charge carrier mobility mapping of heterogeneous organic semiconductors[END_REF][START_REF] Reid | Space charge limited current measurements on conjugated polymer films using conductive atomic force microscopy[END_REF].

𝐽 = 8.2𝜀 𝑜 𝜀 𝑟 𝜇 𝑉 2 𝑇 3 𝛿 ( 𝑇 𝑑 ) 1.6±0.1 (1) 
where 𝜀 𝑜 and 𝜀 𝑟 are the vacuum dielectric permittivity constant and the thin film dielectric constant (relative electrical permittivity), respectively; for organic semiconductors it was assumed 𝜀 𝑟 = 3 [START_REF] Reid | Space charge limited current measurements on conjugated polymer films using conductive atomic force microscopy[END_REF], μ is the charge carrier mobility, T is the thickness of the semiconductor thin film and d is the tip-contact radius. For the contact radius d, the tip-substrate contact area was estimated from DMT model [START_REF] Button | High-resolution charge carrier mobility mapping of heterogeneous organic semiconductors[END_REF] (for PtSi probes the contact radius d is 5.8 nm). The constant 8.2 is the prefactor determined from the finite element modeling to account for the nonuniform electrical field [START_REF] Reid | Space charge limited current measurements on conjugated polymer films using conductive atomic force microscopy[END_REF].

Topography 1 2 a) c) 3 d) f) e) b)
The constant δ = 7.8 ± 1 was included to empirically account for the difference between mobilities derived from c-AFM measurements and those from planar electrodes. Average local film thickness is determined by tapping mode AFM, where topographic height (roughness) at each sample location is measured together with the film thickness. However, the accuracy of thickness measurement of thin films is limited when the surface is enough rough [START_REF] Ramsey | The influences of roughness on film thickness measurements by Mueller matrix ellipsometry[END_REF]. Therefore, the hole mobility is thickness dependence (J α T -1.4±0.1 ) when carrying out the experiment using c-AFM, as well as dependence in the tip diameter (geometry) and current fluctuations due to film roughness.

The above-mentioned dependencies lead that to the estimated hole mobility of sample 3 be larger than that of sample 1 even though slope in Fig. 6b is larger for 1 (see Table 2).

The I-V curves (Fig. 6a) show a non-ohmic or "S" shape behavior, suggesting that charge transport occurs through a tunnel potential barrier, although the responses are different in the three thin films [START_REF] Taylor | Tuning the work function of the silicene/4 x 4 Ag(111) surface[END_REF] (3 exhibits a wider and flat curve ̶ built-in potential from the y-intercept ̶ than 1 and 2): higher current is observed when the slope is greater [START_REF] Lu | Spin-dependent charge transport through 2D chiral hybrid lead-iodide perovskites[END_REF]. The estimated hole mobility values are 15 × 10 -8 𝑐𝑚 2 𝑉 -1 𝑠 -1 for 1, 3 × 10 -6 𝑐𝑚 2 𝑉 -1 𝑠 -1 for 2 and 87 × 10 -8 𝑐𝑚 2 𝑉 -1 𝑠 -1 for 3. These values are lower than mobility of PEDOT:PSS, which is in the range of 3 × 10 -4 -5 × 10 -5 𝑐𝑚 2 𝑉 -1 𝑠 -1 [START_REF] Niu | Graphene-oxide doped PEDOT:PSS as a superior hole transport material for high-efficiency perovskite solar cell[END_REF][START_REF] Chang | Cross-linked Triarylamine-Based Hole-Transporting Layer for Solution-Processed PEDOT:PSS-Free Inverted Perovskite Solar Cells[END_REF]. Table 2 summarizes the morphology, electrical and electronic properties of the three carbo-mers. a WF for PEDOT:PSS was determined by KPFM and hole mobility through space-charge-limited current (SCLC) technique with the hole-only devices fabricated.

The use of SAMs of carbo-mers as HTLs could offer the benefits of uniform layers of minimal thickness (~ 160 pm). Fig. 7 shows preliminary results with the C18 ring carbo-mers 1, 2 or 3 as SA-HTL in OSCs. As can be seen from Fig. 7 and Table 3, with these SA-HTLs, OSCs show lower efficiency than by using PEDOT:PSS as HTL, probably because the low concentration of carbo-mer solutions at 0.1 mM in 1-phenyloctane (Fig. 3a) did not allow a full homogeneous coverage of the ITO substrate by the SAMs, resulting in low ohmic contact with the active layer [START_REF] Amargos-Reyes | Single graphene derivative layer as a hole transport in organic solar cells based on PBDB-T:ITIC[END_REF]. For this reason, the preparation of the SAMs needs to be optimized to improve the efficiency of related carbo-mers in OSCs. Optimization of concentration, solvent (or mixtures of solvents)

and drying time could allow obtaining a uniform monolayer homogeneously covering the ITO surface, and thus possibly reaching higher efficiencies. However, these J-V plots, as test of concept, evidence the possibility to use carbo-mers as SAMs for replacing PEDOT:PSS as HTL.

The best PV performance was determined with a SAM based on 2, perhaps because of its larger hole mobility value (see Table 2) than that measured for thin films of 1 and 3. The low mobility of carbo-mers prevents efficient charge extraction in OSCs, which need a hole mobility ca 10 -3 𝑐𝑚 2 𝑉 -1 𝑠 -1 [START_REF] Niu | Graphene-oxide doped PEDOT:PSS as a superior hole transport material for high-efficiency perovskite solar cell[END_REF][START_REF] Chang | Cross-linked Triarylamine-Based Hole-Transporting Layer for Solution-Processed PEDOT:PSS-Free Inverted Perovskite Solar Cells[END_REF]. Another factor that can affect this PV behavior is the estimated ∅ value of 4.93 eV for 2, which is lower than that for 1: 5.60 eV (however, slightly higher than that for 3:

4.82 eV), and its matching with that of ITO: 4.8 eV. Since a higher ∅ value than that of ITO will provide a barrier to hole extraction, it is desire that ∅ is close to the active layer's highest occupied molecular orbital (HOMO) level (PBDB-T; 5.3 eV) [START_REF] Zhang | Sequential molecular doping of non-fullerene organic solar cells without hole transport layers[END_REF], and then hole injection from the active layer to the anode is facilitated. The above-indicated HOMO levels and ∅ values reflect the relative positions of the transport energy levels (absolute values). Furthermore, according to Fig. 2 and Tauc plot, the largest Eg value of the three carbo-mers is precisely that of 2: 2.13 eV. The wide Eg for 2 and its ∅ value could better allow to block electrons, thus preventing large energy loss resulting from a band offset between the HOMO level of PBDB-T (5.21 eV) and the SAM [START_REF] Alnuaimi | Effect of mobility and band structure of hole transport layer in planar heterojunction perovskite solar cells using 2D TCAD simulation[END_REF].

Nevertheless, these PCE values are still lower than those reported when PEDOT:PSS is used as HTL mainly because the well optimized parameters of PEDOT:PSS (see Table 2), thus requiring future optimization of both the preparation of the SAMs and possibly to the structure of carbomers. However, due the well-known hydrophilic and acidic nature of PEDOT:PSS [START_REF] Yun | Solutionprocessable reduced graphene oxide as a novel alternative to PEDOT:PSS hole transport layers for highly efficient and stable polymer solar cells[END_REF], it is expected that its replacement by more hydrophobic components would be a first step to improve the device stabilization. Several materials have been previously reported as alternative to PEDOT:PSS to improve stability and in some cases to achieve a higher PCE value, such as SAMs [START_REF] Lin | Self-Assembled Monolayer Enables Hole Transport Layer-Free Organic Solar Cells with 18% Efficiency and Improved Operational Stability[END_REF][START_REF] Yalcin | Semiconductor self-assembled monolayers as selective contacts for efficient PiN perovskite solar cells[END_REF][START_REF] Casalini | Self-assembled monolayers in organic electronics[END_REF] and layers of graphene derivatives [START_REF] Nicasio-Collazo | Functionalized and reduced graphene oxide as hole transport layer and for use in ternary organic solar cell[END_REF]. While such sp 2 -carbon-rich aromatic materials thus tend to repel water molecules from the device, the effect is expected to be at least similar for the present sp-/sp 2 -carbon-rich carbo-aromatic molecules [START_REF] Cocq | Carbo-aromaticity" and novel carbo-aromatic compounds[END_REF]. It is also noteworthy that a carbobenzene bearing ethynylanilinyl substituents was recently shown to form a stable hydrophobic layer on another metallic oxide (TiO2) covered with silver nanoparticles (Ag) and to stabilize these two components in water suspensions, that are a priori oxidizing (as being used for photocatalytic water splitting: 2 H2O -> 2 H2 + O2), over long periods [START_REF] Cure | A triptych photocatalyst based on the Co-Integration of Ag nanoparticles and carbo-benzene dye into a TiO2 thin film[END_REF][START_REF] Cure | A Beehive Inspired Hydrogen Photocatalytic Device Integrating a Carbo-Benzene Triptych Material for Efficient Solar Photo-Reduction of Seawater[END_REF]. Furthermore, the ability to form monolayers makes carbo-mers promising candidates for reducing manufacturing costs since their extremely low material consumption. Regarding previous reports on the use of SAMs as HTL in solar cells, Magomedov et al. [START_REF] Magomedov | Self-Assembled Hole Transporting Monolayer for Highly Efficient Perovskite Solar Cells[END_REF], used a phosphonic acid-substituted carbazole derivative as hole transporting SAM allowing to reach a PCE over 16% in regular configuration (PiN) perovskite-based solar cells (PSCs).

Meanwhile. Yalcin et al. [START_REF] Yalcin | Semiconductor self-assembled monolayers as selective contacts for efficient PiN perovskite solar cells[END_REF] reported a SAM of polyaromatic molecules functionalized with a carboxylic acid group leading to a PCE of 17.3%, which is among the highest efficiency reported to date for PiN PSCs by using an alternative HTL. Zhong et al. 

Conclusions

In this work, self-assembled and conductive properties of 2D nano-films prepared from two carbobenzenes and one carbo-quinoid were studied by SPM. STM images of the quadrupolar carbobenzene 1 show that the molecular orientation could be controlled by the polarity of dimethylanilinyl group influencing the dimensionality of assemblies on the surface, although no satisfactory STM images were obtained for the dipolar demethylated counterpart 2. The STM images for the quadrupolar carbo-quinoid 3, previously reported by our group, were related with those for 1. Work function measured through KPFM resulted in values of ∅ = 5.60 eV for 1, 4.97 eV for 2, and 4.82 eV for 3. Hole mobility (µ) values extracted from local I-V plots by using c-AFM were 15 × 10 -8 𝑐𝑚 2 𝑉 -1 𝑠 -1 for 1, 3 × 10 -6 𝑐𝑚 2 𝑉 -1 𝑠 -1 for 2, and 87 × 10 -8 𝑐𝑚 2 𝑉 -1 𝑠 -1 for 3.

The high roughness (8-18 nm) and low homogeneity of thin films based on the selected carbo-mer derivatives, make them poorly adapted for use in the active layer of OSCs. Nevertheless, their ability to form SAMs, make them attractive for a possible use as alternative 2D HTL in OSCs, ensuring contact selectivity between the anode and the active layer. The highest PCE with a HTL of PEDOT:PSS was 5.5%, whereas a non-fully optimized value of 3.9% was obtained with a SA-HTM of the carbo-benzene 2. Such C18 ring carbo-mers could thus offer an alternative to conventional compounds used in the HTL, with the view to increasing the stability of OSCs.

Further improvements of both the carbo-mer structure by changing the nature and position of the substituents at the (pro)aromatic C18 ring, and the preparation of the SAMs, should allow reaching higher OSC performance. Efforts will thus be pursued in this direction.

Poly[( 2 , 6 -

 26 (4,8-bis(5-(2-ethylhexyl)thiophen-2-yl)-benzo[1,2-b:4,5-b']dithiophene))-alt-(5,5-(1',3'-di-2-thienyl-5',7'-bis(2-ethylhexyl)benzo[1',2'-c:4',5'-c']dithiophene-4,8-dione)] (PBDB-T), 3,9-bis(2-methylene-(3-(1,1-dicyanomethylene)-indanone))-5,5,11,11-tetrakis(4hexylphenyl)-dithieno[2,3-d:2',3'-d']-s-indaceno[1,2-b:5,6-b']dithiophene (ITIC) and, the alcohol/water-soluble conjugated polymer poly[(9,9-bis(3'-(N,N-dimethylamino)propyl)-2,7fluorene)-alt-

  of ± 0.1 eV under the same measurement conditions. The lift height from the two-pass mode was kept around 15-25 nm and an applied potential of ± 4V. PtSi tip parameters are: force constants k ≈ 0.2 N/m and a resonant frequency of f ≈ 13 kHz. Preparation of STM tips and substrates as well as additional technical information can be found elsewhere [2, 35]. The tunneling conditions of each STM image are given in the corresponding Figure caption. Images were processed and analyzed with the Gwyddion open-source software (v. 2.49), from which mean plane subtraction, Gaussian filter, autocorrelation function (ACF), fast Fourier transform (FFT) and measured distance were determined.

Fig. 1 .

 1 Fig. 1. a) Chemical structures of the compounds used in this work, b) Architecture of the OSC devices. c) Energetic levels of the compounds used in this work (data in eV). Note that our scheme does not intend to represent the absolute values [9-11].

  orbitals and LUMO *-orbitals. The energies of 2.25, 2.33 and 2.64 eV are assigned to the fundamental bandgaps of 1, 2 and 3. It is thus not surprising then that carbo-benzenes can exhibit various bandgaps as their absorption features (various bands denoting electronic transitions) resemble to some extent the Q and B (Soret) bands displayed by porphyrins. The absorption features of carbo-benzenes were indeed previously explained in terms of the Gouterman fourorbital model originally developed for porphyrins[START_REF] Barba-Barba | Linear and nonlinear optical properties of a quadrupolar carbo-benzene and its benzenic parent: The carbo-merization effect[END_REF].

Fig. 2 .

 2 Fig. 2. Absorption spectra of 1, 2 and 3 in dichloromethane solution. Inset: Tauc plots with dotted lines depicting the linear portion of the spectra from which the optical band-gap Eg is calculated.

Fig. 3 .

 3 Fig. 3. SAMs of a) 1, tunneling condition; It =160 pA, U = 0.90 V, b) 3, tunneling condition; It =140 pA, U = 1.05 V. Lattice parameters by using ACF of c) 1, d) 3.

1 ,

 1 a large scale STM image (Fig.

Fig. 4 .

 4 Fig. 4. a) STM image of a self-assembled film of the carbo-benzene 1 (It =140 pA, U = 1.05 V), b) High resolution image (It =160 pA, U = 0.90 V), c) Schematic arrangement of assembled molecules of 1 (where the blue arrows in b) indicate), d) Large-scale STM images showing the clusters formed by the carbo-benzene 1 (horizontal stripes are noise due to unsteady feedback loop -tip oscillation-at large scale scanning).

Fig. 5 .

 5 Fig. 5. AFM measurements on thin layers (T = ~10 nm) of the C18 ring carbo-mers 1, 2 and 3. a), b), c): topography using contact mode AFM; d), e), f): contact potential difference using KPFM.

Fig. 6

 6 Fig. 6 displays local I-V curves (linear and root square plots) for the three carbo-mer thin films,

Fig. 6 . 2 , 3 ,

 623 Fig. 6. Local I-V plots acquired by c-AFM, for thin films (~10 nm) of the C18 ring carbo-mers 1, 2, 3, a) Linear scale, b) I 1/2 -V plot.

Fig. 7 .

 7 Fig. 7. J-V curve for PBDB-T:ITIC based OSC devices using the FM alternative top electrode vacuum-free deposited, with a HTL made of the C18 ring carbo-mer 1, 2 or 3.

[ 66 ]

 66 observed a slight enhancement of the photovoltaic performance from 3.18% (with PEDOT:PSS) to 3.20% in OSCs having an ITO/HTL/CuI/P3HT:PC61BM/ZnO/Al configuration with a SAM of 3-aminopropanoic acid as HTL. Very recently, Lin et al.[START_REF] Lin | Self-Assembled Monolayer Enables Hole Transport Layer-Free Organic Solar Cells with 18% Efficiency and Improved Operational Stability[END_REF] reached a PCE value of 18.03% upon using a SAM based on [2-(9H-carbazol-9-yl)ethyl]phosphonic acid (2PACz) along with a ternary active layer based on the very efficient PM6 donor. Most of the reported SAMs used as HTL are made of molecules bearing functional anchoring groups that interact with the metal oxide surface, and can influence the structure or thin film morphology and thus a suited conformation and contact of the deposited active layer[START_REF] Kim | Self-Assembled Monolayers as Interface Engineering Nanomaterials in Perovskite Solar Cells[END_REF].

Table 2 .

 2 Morphology, electrical and electronic properties of thin films of the C18 ring carbo-mers

	1, 2, 3, using chlorobenzene as solvent, for thin films of ca 10 nm thickness (PEDOT:PSS
		parameters are also shown for comparison purposes).		
	Carbo-mer	Roughness (nm)	Work function (∅) (KPFM) (eV)	Hole mobility (µ) (𝑐𝑚 2 𝑉 -1 𝑠 -1 ) (c-AFM)	Optical (eV) Bandgap	Reference
	1	12	5.60	15 × 10 -8	1.82	This work
	2	18	4.97	3 × 10 -6	2.13	This work
	3	8	4.82	87 × 10 -8	1.86	This work
	PEDOT:PSS	2	5.0 a	3 × 10 -4 -5 × 10 -5 a	2-2.2	[60, 61]

Table 3 .

 3 

	Configuration: Glass/ITO/HTL/PBDB-T:ITIC/PFN/FM	𝑉 𝑂𝐶 (𝑉) 𝐽 𝑠𝑐 (𝑚𝐴/𝑐𝑚 2 ) FF	PCE (%)
	Without HTL	0.55	12.1	0.41 2.7
	1	0.44	9.0	0.33 1.3
	2	0.76	10.7	0.48 3.9
	3	0.86	7.5	0.38 2.5
	PEDOT:PSS	0.77	14.2	0.50 5.5

PV parameters of OSCs with a HTL of the C18 ring carbo-mer 1, 2 or 3. Most promising result for the dipolar carbo-benzene 2.
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