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Introduction

The control of surface structures at the nanoscale or microscale is fundamental for a huge number of applications such as in sensors, optics, catalysis, energy systems, biomaterials, cell culture [START_REF] Xu | The improved performance of spinel LiMn 2 O 4 cathode with micro-nanostructured sphere-interconnected-tube morphology and surface orientation at extreme conditions for lithium-ion batteries[END_REF][START_REF] Ai | Highly flexible polyelectrolyte nanotubes[END_REF][START_REF] Schroeder | Carbon nanotube chemical sensors[END_REF][START_REF] Tasis | Chemistry of carbon nanotubes[END_REF], electrochemical analyses [START_REF] Mcqueen | Electrochemical analysis of single-walled carbon nanotubes functionalized with pyrene-pendant transition metal complexes[END_REF][START_REF] Bruzaca | Electrochemical sensor based on multi-walled carbon nanotubes for imidacloprid determination[END_REF] or in wetting properties [START_REF] Darmanin | Molecular design of conductive polymers to modulate superoleophobic properties[END_REF][START_REF] Su | Bioinspired interfaces with superwettability: From materials to chemistry[END_REF]. In nature, there are numerous species displaying extremely high hydrophobicity but also different water adhesive forces, such as lotus leaves, rose petals or gecko feet [START_REF] Barthlott | Purity of the sacred lotus, or escape from contamination in biological surfaces[END_REF][START_REF] Darmanin | Superhydrophobic and superoleophobic properties in nature[END_REF][START_REF] Bhushan | Bioinspired structured surfaces[END_REF][START_REF] Feng | Petal effect: A superhydrophobic state with high adhesive force[END_REF]. These surface wetting properties are highly dependent on both the surface energy and surface structures/features [START_REF] Marmur | Wetting on hydrophobic rough surfaces: To be heterogeneous or not to be?[END_REF][START_REF] Tuteja | Designing superoleophobic surfaces[END_REF][START_REF] Raufaste | Superpropulsion of droplets and soft elastic solids[END_REF]. Different features were already investigated but the nanotubes are excellent candidates for their high surface area-tovolume ratio [START_REF] Cheng | Tip geometry controls adhesive states of superhydrophobic 6surfaces[END_REF][START_REF] Lau | Superhydrophobic carbon nanotube forests[END_REF][START_REF] Lai | In situ surface-modification-induced superhydrophobic patterns with reversible wettability and adhesion[END_REF]. Jiang et al. also demonstrated stronger water adhesive forces compared to surfaces structures without pores [START_REF] Cheng | Tip geometry controls adhesive states of superhydrophobic 6surfaces[END_REF].

There are few methods for forming well-defined nanotubes on a substrate. The electropolymerization is a very fast process while the tuning of non-porous structures (for instance nanofibers, nanosheets, nanospheres) is possible by changing the monomer or the electrochemical conditions [START_REF] Darmanin | Wettability of conducting polymers: From superhydrophilicity to superoleophobicity[END_REF]. Porous structures (for instance, nanotubes) are conceivable by electropolymerization on hard templates [START_REF] Lin | Molecular or nanoscale structures? The deciding factor of surface properties on functionalized poly(3,4ethylenedioxythiophene) nanorod arrays[END_REF]. However, one hard template is necessary for each change in the nanotubes dimension (diameter, height or pitch). One of the most used hard templates are Anodic Aluminum Oxide (AAO) membranes but these membranes have to be removed after use. Strategies without hard templates are called templateless or soft-template electropolymerization. The soft template can be composed of gas bubbles or micelles in solution. When the electropolymerization is performed in water (H 2 O), oxygen (O 2 ) bubbles can be produced on the electrode during electropolymerization because the potential of H 2 O and the monomer oxidation potential are close [START_REF] Debiemme-Chouvy | Electrosynthesis of polypyrrole nano/micro structure using an electrogenerated oriented polypyrrole nanowire array as framework[END_REF][START_REF] Qu | Electrochemical growth of polypyrrole microcontainers[END_REF][START_REF] Gupta | Hydrogen bubble-assisted syntheses of polypyrrole micro/nanostructures usi.ng electrochemistry: Structural and physical property characterization[END_REF][START_REF] Kim | The microcontainer shape in electropolymerization on bubbles[END_REF][START_REF] Wysocka-Zołopa | Electrochemical synthesis and properties of conical polypyrrole structures[END_REF]. Porous structures can be produced if the polymer growth around these gas bubbles. It is also possible to produce hydrogen (H 2 ) bubbles by reducing H 2 O using potentiodynamic electropolymerization such as cyclic voltammetry (CV) or pulse deposition. Most of the monomers are not soluble in H 2 O, and low polarity solvents such as dichloromethane (CH 2 Cl 2 ) or chloroform (CHCl 3 ) can be used as soon as trace H 2 O is present in solution [START_REF] Darmanin | A one-step electrodeposition of homogeneous and vertically aligned nanotubes with parahydrophobic properties (high water adhesion)[END_REF][START_REF] Fradin | Micellar formation by soft template electropolymerization in organic solvents[END_REF][START_REF] Levieux-Souid | Densely packed open microspheres by soft template electropolymerization of benzotrithiophene-based monomers[END_REF][START_REF] Possetto | Influence of polyfluorinated side chains and soft-template method on the surface morphologies and hydrophobic properties of electrodeposited films from fluorene bridged dicarbazole monomers[END_REF]. The process is completely different because micelles can be present in solution prior electropolymerization [START_REF] Fradin | Micellar formation by soft template electropolymerization in organic solvents[END_REF]. Micelles can be formed in solution if the electrolyte and/or the monomer play the role of a surfactant thus stabilizing these micelles. They will wet the substrate before electropolymerization.

To construct nanotubes on a substrate by electropolymerization, it is necessary to favor the polymerization in one direction (1D growth) [START_REF] Zhao | Towards directional assembly of hierarchical structures: Aniline oligomers as the model precursors[END_REF]. The molecular structures that can induce strong stacking interactions, such as 3,4-(1,2-naphthylenedioxy)thiophene (NaphDOT) [START_REF] Darmanin | A one-step electrodeposition of homogeneous and vertically aligned nanotubes with parahydrophobic properties (high water adhesion)[END_REF][START_REF] Fradin | Micellar formation by soft template electropolymerization in organic solvents[END_REF], 3,4phenylenedioxythiophenes (PheDOTs) [START_REF] Darmanin | Exceptionally strong effect of small structural variations in functionalized 3,4-phenylenedioxythiophenes on the surface nanostructure and parahydrophobic properties of their electropolymerized films[END_REF][START_REF] Fradin | Soft-template electropolymerization of 3,4-(2,3-naphtylenedioxy)thiophene-2-acetic acid esters favoring dimers: Controlling the surface nanostructure by side ester groups[END_REF][START_REF] Darmanin | A templateless electropolymerization approach to porous hydrophobic nanostructures using 3,4phenylenedioxythiophene monomers with electron-withdrawing groups[END_REF] and some others [START_REF] Levieux-Souid | Densely packed open microspheres by soft template electropolymerization of benzotrithiophene-based monomers[END_REF], demonstrated exceptional preliminary results. The polymerization rate should not be also too fast because the 1D growth takes time as demonstrated by reducing the temperature [START_REF] Luo | Polydioxythiophene nanodots, nonowires, nano-networks, and tubular structures: The effect of functional groups and temperature in template-free electropolymerization[END_REF]. Another proof of the importance of electropolymerization rate was demonstrated by comparing the surfaces obtained by electrodeposition of substituted PheDOT monomer and its dimer [START_REF] Darmanin | Exceptionally strong effect of small structural variations in functionalized 3,4-phenylenedioxythiophenes on the surface nanostructure and parahydrophobic properties of their electropolymerized films[END_REF]. Whereas the monomer formed nice vertically aligned nanotubes, the dimer gave 3-dimensional spherical nanoparticles. The monomer and polymer solubilities are also important parameters influencing the process of electrodeposition [START_REF] Poverenov | Major effect of electropolymerization solvent on morphology and electrochromic properties of PEDOT films[END_REF][START_REF] Perepichka | Electronic properties and reactivity of short-chain oligomers of 3,4-phenylenedioxythiophene (PheDOT)[END_REF][START_REF] Perepichka | Effect of substitution of 3,4-ethylenedioxythiophene (EDOT) on the electronic properties of the derived electrogenerated low band gap conjugated polymers[END_REF]. The research group of Wang investigated tris(4-(thien-2yl)phenyl)amine (Chart 1, N-Ph-2-Th) as promising molecule for the formation of tubular structures by soft-template electropolymerization in similar electrochemical conditions [START_REF] Bai | Variations in surface morphologies, properties, and electrochemical responses to nitro-analyte by controlled electropolymerization of thiophene derivatives[END_REF]. Other cores (tetraphenylmethane, 9,9′-spirobifluorene) were also tested [START_REF] Palma-Cando | Thiophene-based microporous polymer networks via chemical or electrochemical oxidative coupling[END_REF][START_REF] Rendón-Enríquez | Thin polymer films by oxidative or reductive electropolymerization and their application in electrochromic windows and thin-film sensors[END_REF][START_REF] Napierała | Electropolymerization of [2 × 2] grid-type cobalt(II) complex with thiophene substituted dihydrazone ligand[END_REF], while the effect of water on the electropolymerization and surface morphology was not investigated.

In this work, we have synthesized and investigated electropolymerization and the surface properties of electrodeposited films for two series of conjugated molecules based on the triphenylamine core differing by the fashion of the thiophene (2-or 3-positions, N-Ph-2-Th and N-Ph-3-Th) or carbazole arms attachment (para-/ meta-/ ortho-, N-Ph-p-Cb, N-Ph-m-Cb, N-Ph-o-Cb) (Chart 1). The monomers of high polymerization capacity (thiophene derivatives) and lower polymerization capacity (carbazole derivatives) were chosen. We studied the influence of the monomer structure, the effect of water presence in the solution during the electropolymerization, as well as the electrodeposition method on the resulting surface structures. The presence of reverse micelles was studied by transmission electron microscopy (TEM), the polymer films formation was investigated by cyclic voltammetry, and the surface structures was analyzed by scanning electron microscopy (SEM) and the surface wettability by goniometry.

Chart 1. Structures of monomers investigated by soft-template electropolymerization.

Results and discussion

Synthesis of monomers

Synthesis and characterization of monomers shown in Chart 1 have been presented in the Supporting Information (SI). Briefly, synthesis was done by Pd(0)-catalyzed Suzuki coupling of tris(4-bromophenyl)amine with corresponding arylboronic acids (Scheme S1, SI), and the products were purified by column chromatography.

DFT computational studies

The geometry and electronic structures of monomers were studied computationally by DFT method at the B3LYP/6-31G(d) level of theory. The optimized geometries of the monomers are shown in Figure S1, and the key dihedral angles between the conjugated fragments in the structures are presented in Table 1. The molecules are not flat because steric hindrances result in some distortion between the conjugated units. The dihedral angles at the central triphenylamine core (~ 41 o ) and between the benzene rings and thiophene (26-30 o ) or carbazole moieties (~ 55 o ) are typical connections between these units. An exception is N-Ph-o-Cb, in which case large steric hindrance of ortho-substitution with carbazole moiety significantly distorts the structure and increases the dihedrals angles to 67.3 -70.8 o (Table 1). 3) sit on the carbazole moieties (Figure S2 in the SI; see also Figure 2 for HOMO-1 energies). LUMO orbitals also mainly sits on the triphenylamine core, extending to peripheral thiophene or phenylene moieties (Figure 1; keep in mind the degeneracy of the orbitals due to the C 3 -symmetry of the studied molecules).

These results indicate that triphenylamine core should be significantly involved in the initial electron transfer process (oxidation) to form radical cations species during the electropolymerization process. Really, calculations of electronic structures of radical cation species from these molecules (intermediates in anodic electropolymerization process) at spin-unrestricted UB3LYP/6-31G(d) level of theory show significant spin delocalization over the central triphenylamine core with an extension to thiophene and carbazole end groups (Figure 3). As expected, in the arms, the largest spin coefficients are observed at positions 2,5 for the thiophene moieties and 3,6 for the carbazole moieties. 

LUMO

Electrochemical deposition of polymer films from monomers onto the electrode surface

The polymer films were electrodeposited on gold-coated silicon wafer electrode by 4). First, the monomer oxidation potentials (E ox ) were determined by fast CV scans between 0 and 2.5 V vs SCE (Figure 5). For studied monomers, one or two intense peaks were observed in the potential range of ≈ 1.7 -2.5 V. For E ox , we took the first intense peaks at E ox = 1.75 -2.00 V vs SCE

(their E onset ≈ 1.2 -1.4 V). Therefore, the electrodeposition of polymer films was performed at the first intense oxidation peaks (≈1.7 V) with each monomer giving thick films deposition at these potentials. We should also mention that the other oxidation peaks of much smaller intensitities were also observed for all monomers at lower potentials of ≈ 1 V vs SCE. These peaks correspond well to oxidation potentials of triphenylamine and its derivatives [START_REF] Campina | Potentiostatic electropolymerization of triphenylamine: a low-cost cathode for solid-state photovoltaics[END_REF][START_REF] Blanchard | Triphenylamine and some of its derivatives as versatile building blocks for organic electronic applications[END_REF] and belong to the 1e oxidation of triphenylamine core in the monomers. Polymer films were electrodeposited by CV scanning in the range from -1 V to E ox in order to release a large number of gas bubbles (Figure S3 in the SI). A scan rate of 20 mV s -1 was used, as well as different numbers of deposition scans (1, 3, or 5 scans). The obtained films were then electrochemically characterized by CV in monomer-free solutions of 0.1 M Bu 4 NClO 4 / CH 2 Cl 2 (Figure 6).

All electrodeposited films show p-doping electrochemical response of several poorly resolved/overlapped peaks/shoulders in the range of ca. 1 -2 V, i.e. close to that for starting monomers. This contrasts with the usual behavior of 1D conjugated polymers prepared by electropolymerization method (e.g. polythiophenes, polypyrroles, polyfluorenes etc) whose electroactivity is generally observed at significantly lower potentials than that for corresponding monomers. This difference can be explained by the fact that the conjugation length of the whole molecules is not increased significantly on coupling at the thiophene or carbazole sites.

The exception is polymerization of N-Ph-2-Cb, electrochemical coupling of which produces an extended conjugation in the fragment "N-Ph-Th-Th-Ph-N". This is particularly reflected by an appearance of an additional wave at low potential of ≈ 0.64 V (i.e. lower than that for triphenylamine oxidation in the monomer), which distinguishes it from other electrodepositions (Figure 6). The polymers were obtained by potendiodynamic polymerization (5 cycles) scanning from 0 to 2.5 V at the scan rate 20 mV s -1 .

Surface morphology and nanostructures

In CH 2 Cl 2 , the surfaces made from N-Ph-2-Th and N-Ph-p-Cb are extremely rough, but only non-porous cauliflower-like structures are observed, which means a classical three-dimension (3D) growth (Figure 7). However, some tubules (apart of spherical, likely hollow, structures) are present in the films made from N-Ph-3-Th, showing a higher capacity to form tubular structures due to preferential growth in one direction. The formation of porous structures in CH 2 Cl 2 with increased number of tubules is possible if trace H 2 O is present in solution. 

.64 V 1.83 V 1.11 V 1.84 V 1.31 V 2.23 V 2.00 V 1.79 V 1.36 V 1.15V 2.26 V 2.04 V 1.77 V 1.49 V 1.11 V

Surface wettability

The wettability of all surfaces, electrodeposited from studied monomers in both solvents, CH 2 Cl 2 and (CH 2 Cl 2 + H 2 O sat.), was also studied (Table 2). To better evaluate the effect of surface roughness, smooth surfaces have also been prepared (see SI for the details) to obtain the Young's contact angles (θ Y ) [START_REF] Young | An essay on the cohesion of fluids[END_REF] and surface energy (γ SV ) [START_REF] Owens | Estimation of the surface free energy of polymers[END_REF] of each polymer (Table 3). The most intrinsically hydrophilic surface is that derived from N-Ph-2-Th (θ Y w = 60.5 °) while the only intrinsically hydrophobic surface (θ Y w > 90 °) is the surface derived from N-Ph-p-Cb. The results obtained with N-Ph-2-Th in (CH 2 Cl 2 + H 2 O sat.) are impressive (θ w up to 154.0 °, Table 2), especially considering that this is the most hydrophilic polymer (θ Y w = 60.5 °, Table 3), and are due to the presence of both cauliflower-like structures and nanotubes. This transition from hydrophilic to hydrophobic state can only be explained by the Cassie-Baxter equation ( 1) [START_REF] Cassie | Wettability of porous surfaces[END_REF] confirming the presence of an important air fraction between water droplet and the rough surface:

cos θ = r f •f•cos θ Y + f -1 (1) 
where θ and θ Y are apparent contact angles for rough and smooth surfaces, r f is the roughness ratio of the substrate wetted by the liquid, f and (1f) are the solid and air fractions, respectively.

For densely packed large-diameter nanotubes obtained with N-Ph-3-Th, a maximum of θ Y = 134.3 ° was achieved. Even larger maxima θ Y = 150.7 ° and 146.8 ° were obtained for N-Ph-p-Cb

and N-Ph-m-Cb, consisting of extremely long mostly horizontally oriented nanotubes and tulip-like structures, respectively. In the case of N-Ph-o-Cb, the surfaces are much less hydrophobic (θ w up to 99.5 °) because their roughness is smaller. Moreover, these surfaces are also "sticky", like rose petals or gecko feet [START_REF] Feng | Petal effect: A superhydrophobic state with high adhesive force[END_REF][START_REF] Szczepanski | Recent advances in the study and design of parahydrophobic surfaces: From natural examples to synthetic approaches[END_REF], so water droplets remain stuck on them whatever the tilting angle is.

As mentioned in the previous section, the structure/morphology of surfaces obtained in potentiostatic conditions at E ox potentials is generally similar to (or not very different from) that obtained in potentiodynamic conditions by CV. However, the surfaces deposited under potentiostatic conditions are much more hydrophilic (θ w < 100°; Table 4). Indeed, at a constant potential, the electrodeposited polymers are in the p-doped state, hence, with polar perchlorate (ClO 4 -) counterions, which should also increase surface energy. 

Conclusion

In this article, we used a soft-template electropolymerization approach to form microtubul es on the surface of a substrate from electropolymerizable conjugated monomers. Low water-solubility solvent (dichloromethane) was saturated with water to form a micellar solution stabilized by These results can be used in the future in a number of applications such as water-harvesting systems, electrochemical analysis or sensing platforms.
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Graphical Abstract

10 mm 1 mm 1 mm ortho meta para palladium(0) (0.1 mmol, 0.1 eq.) and sodium carbonate (4.0 g). These components were mixed to a solution containing 100 mL of toluene, 20 mL of ethanol and 10 mL of water, and were refluxed for 3 days. After solvent evaporation, the crude products were purified by column chromatography (silica gel; eluent: petroleum ether).

NMR spectra were obtained with a 400 MHz ultra blinded spectrometer equipped with an AVANCE III Nano HD electronic console. The proton and carbon frequencies were 400.13MHz and 100.63MHz, respectively. Scheme S1. Synthesis of original monomers by Suzuki reaction.

Tris(4-(thiophen-3-yl)phenyl)amine (N-Ph-3-Th).

Yield: 23%. 

Tris(4'-(9H-carbazol-9-yl)-[1,1'-biphenyl]-4-yl)amine(N-Ph-p-Cb).

Yield: 13%. 

Tris(3'-(9H-carbazol-9-yl)-[1,1'-biphenyl]-4-yl)amine (N-Ph-m-Cb).

Yield: 49%. 

Tris(2'-(9H-carbazol-9-yl)-[1,1'-biphenyl]-4-yl)amine (N-Ph-o-Cb).

Yield: 77%. 

Computational methodology.

All the computational studies were performed with Gaussian 16 package of programs 49 using the density functional theory method (DFT). The hybrid functional B3LYP, which combines Becke's three-parameter hybrid exchange functional 4949 and Lee-Yang-Paar's gradient-corrected correlation functional, 49 and 6-31G split valence basis set supplemented by d-polarization functions were used for geometry optimizations of isolated molecules in a gas phase. No constraints were used, and all structures were free to optimize. The force constants and vibrational frequency analysis for stationary points have been calculated after optimizations to check that they are true energy minima.

Electronic structure for the optimized geometries were calculated at the same level of theory. The restricted Hartree-Fock formalism was used for the neutral states of the molecules, and unrestricted Hartree-Fock formalism was used for radical cation calculations.

Visualization of the orbital coefficients and spin density distribution (in radical cations) were performed with GaussView 6.0 software.

Soft-template electropolymerization.

Two solvents were investigated: dichloromethane (CH 2 Cl 2 ) and dichloromethane saturated with water (CH 2 Cl 2 + H 2 O sat.). Because the solubility of water in dichloromethane is ultra-low, the later was very easily prepared by mixing water and dichloromethane, and after decantation the aqueous phase was discarded. Tetrabutylammonium perchlorate (Bu 4 NClO 4 ) (0.1 M) as the supporting electrolyte and monomer (0.005 M) were added to the solvent. Three electrodes were connected to an Autolab potentiostat-galvanostat model PGSTAT100 (Metrohm). 2 cm 2 gold-coated silicon wafer 

Table 1 . 3 a

 13 Key dihedral angles between the moieties in the studied monomers. Ph-N-Ph are dihedrals in the central triphenylamine core; Ph-Th are dihedrals between the benzene and thiophene rings; Ph-Ph are dihedrals between benzene rings of the biphenyl fragment; Ph-Cb are dihedrals between the benzene and carbazole rings. b Bulky carbazole moiety in ortho-position in N-Ph-o-Cb results in different dihedral angles measured at different sides of the moieties.Yet, one should consider that in conjugated polymers derived from these monomers, an extended conjugation and solid-state packing can make these building blocks a bit flatter. The effect should be the most pronounced in the case of N-Ph-2-Th due to extension of the conjugation length when coupling at the positions 5 of the thiophene rings occurs (producing fragment "N-Ph-Th-Th-Ph-N") and slightly smaller in N-Ph-3-Th. Electropolymerization of carbazole derivatives is known to occur at positions 3,6. Because carbazole rings significantly distorted from the triphenylamine plane, growing the polymer chains (especially for N-Ph-o-Cb) will likely occur near orthogonally to the triphenylamine plane (or, at least, far away from the extension along the triphenylamine plane).The energies of the highest occupied molecular orbitals (HOMOs) and lowest unoccupied molecular orbitals (LUMOs) of the studied compounds together with HOMOs and LUMOs for thiophene, carbazole and triphenylamine molecules are given in Figure1. It is seen that HOMO energies of studied compounds are close to that in triphenylamine, indicating significant contribution of the core. In contrast, substantial lowering their LUMOs (compared to Th, Cb or Ph3N building blocks) reflects an extension of the conjugation.

Figure 1 .

 1 Figure 1. Frontier orbitals energy levels of studied monomers and subunits used in their structures.

Figure 2

 2 Figure 2 shows delocalization of HOMOs and LUMOs in the molecules. HOMOs are mainly delocalized over the triphenylamine core, but with significant extension to the end thiophene rings in the arms (for N-Ph-2Th and N-Ph-3-Th) or (at less extent) to carbazole moieties in the case of parasubstituted N-Ph-p-Cb. HOMO orbital coefficients on carbazole moieties in N-Ph-p-Cb are small and are negligible in N-Ph-m-Cb and N-Ph-o-Cb, while lower energy levels (HOMO-1 to HOMO-

Figure 2 .Figure 3 .

 23 Figure 2. Frontier orbital coefficients distribution in studied monomers from DFT calculations at B3LYP/6-31G(d) level.

Figure 4 .

 4 Figure 4. TEM images of N-Ph-3-Th and N-Ph-m-Cb (0.005 M) in (CH 2 Cl 2 + H 2 O sat.) with 0.1 M of Bu 4 NClO 4 .

Figure 5 .

 5 Figure 5. Cyclic voltammograms of studied monomers in CH 2 Cl 2 with 0.1 M of Bu 4 NClO 4 . The potential range sweep is from 0 to 2.5 V, scan rate is 100 mV s -1 . The first scans are shown.

For N- Ph- 3 -

 3 Th and carbazole-containing monomers (N-Ph-p-Cb, N-Ph-m-Cb and N-Ph-p-Cb), coupling of monomers only slightly increases the conjugation at coupled Th-Th or Cb-Cb fragments. It should also be taken into account that the used monomers are crowded trifunctional molecules of C 3 symmetry (see DFT section 2.2), so their electropolymerization can be stopped (or retarded) at the stage of rather short oligomers due to steric issues. Such oligomers, due to their low solubility, can aggregate and deposit on the surface. Thus, we have recently demonstrated that NaphDOT derivatives functionalized at position 2 of the thiophene ring (to prevent electropolymerization with the formation of conjugated polymers) form only dimers in CV experiments, which, due to their low solubility, are deposited on the surface forming growing unidirectional (1D) vertically aligned nanotubes, likely due to good - stacking of flat dimers[START_REF] Fradin | Soft-template electropolymerization of 3,4-(2,3-naphtylenedioxy)thiophene-2-acetic acid esters favoring dimers: Controlling the surface nanostructure by side ester groups[END_REF].

Figure 6 .

 6 Figure 6. Cyclic voltammograms of electrodeposited polymers in monomer-free solutions of CH 2 Cl 2 with 0.1 M of Bu 4 NClO 4 . The polymers were obtained by potendiodynamic polymerization (5 cycles) scanning from 0 to 2.5 V at the scan rate 20 mV s -1 .

Figure 7 .Figure 8 .Figure 9 .

 789 Figure 7. SEM images of electrodeposited surfaces from each monomer by CV. The modified surfaces were obtained in CH 2 Cl 2 or (CH 2 Cl 2 + H 2 O sat.) with 0.1 M of Bu 4 NClO 4 for 3 scans in the potential range from -1 V to E ox at the scan rate 20 mV s -1 . Magnification is ×10,000 (×5,000 for N-Ph-p-Cb in (CH 2 Cl 2 + H 2 O sat.)).

Bu 4

 4 NClO 4 as the electrolyte and the surfactant. Under these conditions (CH 2 Cl 2 + H 2 O sat.), the formation of nanotubes was especially straightforward process.Two series of monomers composed of a triphenylamine core conjugated with thiophene (2or 3-positions of thiophene attached to para-position of the benzene ring of triphenylamine) or carbazole arms (attached by its N atom to para-, meta-or ortho-positions of the benzene ring of the core) have been invewstigated. DFT calculations of the geometry and electronic structures (for both neutral and radical cation states) of the monomers have been performed to understand the coupling processes during the electropolymerization. Except for the N-Ph-2-Th monomer (with attached 2-thiophene arms), coupling/electropolymerization of which extends the conjugation in the "N-Ph-Th-Th-Ph-N" fragment, resulting on lower oxidation potentials, oxidation potentials other monomers are comparable/overlapping with those for the monomers. The surface structures of the electrodeposited films are significantly influenced by the structure of the monomers, including the nature of the arms (thiophene or carbazole) and the regioisomerism (the place of an attachment of the arms), as well as the electrodeposition conditions. The formation of microtubes is induced by -stacking interactions between the monomer moieties of polymer/oligomer chains during the electrodeposition, allowing a preferential growth in one direction (1D). Because the 1D growth takes time, the rate of the polymerization/deposition is also significant factor. Unique results have been demonstrated by simply changing the attachment position of the carbazole arms: in the case of the N-Ph-p-Cb monomer with carbazole arms in the para-position to the benzene ring of the triphenylamine ring, ultra-long microtubes were formed (tens to >100 µm length and diameter ≈ 1 -1.5 µm). The extremely strong water-adhesive forces, comparable to gecko foot or rose petals, with very high θ w > 150 ° have been demonstrated for electrodeposited surfaces from N-Ph-2-Th and N-Ph-p-Cb in (CH 2 Cl 2 + H 2 O sat.).

1 H

 1 NMR (400 MHz, CDCl 3 ) δ (ppm): 8.17 (d, J = 7.5 Hz, 6H), 7.91 (d, J = 8.5 Hz, 6H), 7.80 (m, 3H), 7.71 (d, J = 8.5 Hz, 6H), 7.62 (m, 6H), 7.51 (m, 6H), 7.46 (m, 9H), 7.32 (m, 6H).

1 H

 1 NMR (400 MHz, CDCl 3 ) δ(ppm): 8.17 (d, J = 7.7 Hz Hz, 6H), 7.80 (m, 3H), 7.65 (m, 6H), 7.57 (d, J = 8.6 Hz, 6H), 7.54 (m, 3H), 7.49 (m, 6H), 7.42 (m, 6H), 7.31 (m, 6H), 7.26 (d, J = 8.6 Hz, 6H).

28 13C

 28 NMR (100 MHz, CDCl 3 ) δ147.08, 142.40, 140.87, 138.23, 134.69, 130.25, 128.02, 125.95, 125.62, 125.54, 124.54, 123.39, 120.32, 120.00, 109.80.

1 H

 1 NMR (400 MHz, CDCl 3 d) δ(ppm): 7.98 (d, J = 7.7 Hz, 6H), 7.50 (m, 12H), 7.20 (m, 6H), 7.02 (m, 12H), 6.58 (d, J = 8.6 Hz, 6H), 5.95 (d, J = 8.6 Hz, 6H).

Figure S3 .

 S3 Figure S2. Orbital coefficients distribution in studied monomers, from HOMO-3 to LUMO+3 orbitals, calculated at B3LYP/6-31G(d) level in a gas phase.

Figure S4 .Figure S5 .

 S4S5 Figure S4. SEM images of electrodeposited surfaces from N-Ph-3-Th by CV in (CH 2 Cl 2 + H 2 O sat.) with 0.1 M of Bu 4 NClO 4 for 1, 3 and 5 scans in the potential range from -1 V to E ox at the scan rate of 20 mV s -1 . Magnification is ×10,000.

Figure S6. 1 H

 1 Figure S6. 1 H NMR spectrum of N-Ph-3-Th in CDCl 3 .

Figure S7. 13 C

 13 Figure S7. 13 C NMR spectrum of N-Ph-3-Th in CDCl 3 .

Figure S8. 1 H

 1 Figure S8. 1 H NMR spectrum of N-Ph-p-Cb in CDCl 3 .

Figure S9. 13 C

 13 Figure S9. 13 C NMR spectrum of N-Ph-p-Cb in CDCl 3 .

Figure S10. 1 H

 1 Figure S10. 1 H NMR spectrum of N-Ph-m-Cb in CDCl 3 .

Figure S11. 13 C

 13 Figure S11. 13 C NMR spectrum of N-Ph-m-Cb in CDCl 3 .

Figure S12. 1 H

 1 Figure S12. 1 H NMR spectrum of N-Ph-o-Cb in CDCl 3 .

Figure S13. 1 H

 1 Figure S13. 1 H NMR spectrum of N-Ph-o-Cb in CDCl 3 .

Table 2 .

 2 Apparent contact angles for rough dedoped polymer films prepared by CV electrodeposition. a

	Monomer	Number of		Solvent: CH 2 Cl 2	Solvent: (CH 2 Cl 2 + H 2 O sat.)
		scans	θ w	θ DIM	θ HD	θ w	θ DIM	θ HD
			(°)	(°)	(°)	(°)	(°)	(°)
	N-Ph-2-Th	1 scan	93.1	<10	<10	123.2	<10	<10
		3 scans	109.6	<10	<10	154.0	<10	<10
		5 scans	114.2	<10	<10	151.4	<10	<10
	N-Ph-3-Th	1 scan	71.0	23.3	<10	63.3	49.4	<10
		3 scans	72.0	18.8	<10	132.9	11.8	<10
		5 scans	47.0	17.7	<10	134.3	13.9	<10
	N-Ph-p-Cb	1 scan	143.0	16.3	<10	138.0	<10	<10
		3 scans	142.6	<10	<10	145.5	<10	<10
		5 scans	137.0	<10	<10	150.7	<10	<10
	N-Ph-m-Cb	1 scans	X	X	X	146.8	<10	<10
		3 scans	X	X	X	144.3	14.1	<10
		5 scans	X	X	X	139.6	11.7	<10
	N-Ph-o-Cb	1 scan	X	X	X	69.7	23.8	<10
		3 scans	X	X	X	77.3	15.8	<10
		5 scans	X	X	X	99.5	11.6	<10

a θw, θDIM and θHD are apparent contact angles of water, diiodomethane and hexadecane droplets, respectively, with the electrodeposited films surface.

Table 3 .

 3 Apparent contact angles and surface energy for smooth dedoped polymer films. a

	Monomer	θ Y w (°)	θ Y DIM (°)	θ Y HD (°)	γ SV	γ SV,D	γ SV,P
	N-Ph-2-Th	60.5	23.5	<10	47.6	31.4	16.2
	N-Ph-3-Th	85.0	47.8	14.4	33.2	28.7	4.6
	N-Ph-p-Cb	94.2	41.0	12.0	32.9	31.4	1.5
	N-Ph-m-Cb	89.8	50.0	16.5	31.3	28.6	2.7
	N-Ph-o-Cb	85.1	44.5	12.7	33.6	29.7	3.9

a θ Y w, θ Y DIM and θ Y HD are apparent contact angles (Young's angles) of water, diiodomethane and hexadecane droplets, respectively, with smooth film surfaces. b γSV surface tensions between a solid and a gas; D and V superscripts denote disperse (apolar) and polar parts of surface energies calculated by Owens-Wendt equation

[START_REF] Owens | Estimation of the surface free energy of polymers[END_REF]

.

Table 4 .

 4 Apparent contact angles for the rough p-doped polymer films prepared at constant potential E ox .

	Monomer	Deposition	Solvent: CH 2 Cl 2		Solvent: (CH 2 Cl 2 + H 2 O sat.)
		charge	θ w	θ DIM	θ HD	θ w	θ DIM	θ HD
		(mC cm -2 )	(°)	(°)	(°)	(°)	(°)	(°)
	N-Ph-2-Th	12.5	75.6	<10	<10	63.3	<10	<10
		25	72.5	<10	<10	60.4	<10	<10
		50	69.3	<10	<10	70.1	<10	<10
		100	75.8	<10	<10	90.7	<10	<10
		200	50.1	<10	<10	84.6	<10	<10
		400	59.4	<10	<10	69.8	<10	<10
	N-Ph-3-Th	12.5	49.6	23.2	<10	76.7	22.7	<10
		25	42.3	13.2	<10	79.1	14.9	<10
		50	51.1	<10	<10	67.8	13.3	<10
		100	87.7	<10	<10	32.0	39.8	<10
		200	90.1	<10	<10	37.6	44.7	<10
		400	59.4	40.0	<10	43.1	62.1	<10
	N-Ph-p-Cb	12.5	80.6	26.2	<10	66.0	22.1	<10
		25	54.2	31.4	<10	81.1	12.1	<10
		50	64.8	27.7	<10	72.9	25.5	<10
		100	55.5	<10	<10	55.7	17.9	<10
		200	64.3	<10	<10	71.4	12.4	<10
		400	67.6	<10	<10	60.0	<10	<10
	N-Ph-m-Cb	12.5	63.1	27.0	<10	88.9	23.0	<10
		25	80.4	16.6	<10	93.2	21.1	<10
		50	76.2	23.6	<10	81.2	15.1	<10
		100	67.3	26.0	<10	79.7	18.3	<10
		200	84.9	24.4	<10	87.8	16.6	<10
		400	51.9	30.6	<10	82.5	21.1	<10
	N-Ph-o-Cb	12.5	90.5	31.0	<10	80.7	25.4	<10
		25	79.1	26.0	<10	79.5	31.2	<10
		50	76.0	44.9	<10	81.1	26.9	<10
		100	60.1	45.7	<10	80.6	26.4	<10
		200	76.0	31.8	<10	71.3	20.4	<10
		400	98.5	29.4	<10	87.1	27.6	<10

  NMR (400MH Z, CDCl 3 ); δ (ppm): 7.50 (d, J = 8.6 H Z , 6H), 7.38 (m, 9H) 7.18 (d, J = 8.6 H Z , 76H). NMR (100 MHz, CDCl 3 ) δ 146.47, 141.82, 130.56, 127.28, 126.17, 126.13, 124.36, 119.38.

1 H 13 C

13 C

 13 NMR (100 MHz, CDCl 3 ) δ 146.14, 140.88, 140.39, 134.75, 132.62, 130.81, 129.67, 128.64, 128.26, 125.49, 123.32, 123.00, 119.92, 119.34, 110.00.

	Tris(4-

(thiophen-3-yl)phenyl)amine (N-Ph-3-Th).

  400MH Z, CDCl 3 ); δ (ppm): 7.50 (d, J = 8.6 H Z , 6H), 7.38 (m, 9H) 7.18 (d, J = 8.6 H Z , 76H). NMR (100 MHz, CDCl 3 ) δ 146.47, 141.82, 130.56, 127.28, 126.17, 126.13, 124.36, 119.38.

	Yield: 23%.

1 H NMR (13 C
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Supporting Information

Experimental section

Monomer synthesis and characterization.

Tris(4-(thiophen-2-yl)phenyl)amine(N-Ph-2-Th) was purchased from Sigma Aldrich. Tris(4bromophenyl)amine and all the used boronic acids were purchased from TCI. The other original monomers were synthesized from tris(4-bromophenyl)amine and by three Suzuki reactions as shown in Scheme S1. The components used for the Suzuki reaction were tris(4-bromophenyl)amine (2 mmol, 1.0 eq.), the corresponding boronic acid (7.0 mmol, 3.5 eq.), tetrakis(triphenylphosphine)-as the working electrode, glassy carbon rod as the counter-electrode, and saturated calomel electrode (SCE) as the reference electrode. First, the oxidation potential for each monomer were determined by cyclic voltammetry. Then, two electrodeposition methods were investigated (by cyclic voltammetry and at constant potential). The experiments by cyclic voltammetry were performed from -1 V to E ox , at a scan rate of 20 mV s -1 with different numbers of scans (1, 3 and 5). The experiments at constant potential were performed with a potential E = E ox , and with different deposition charges (12.5, 25, 50, 100, 200 and 400 mC cm -2 ). Then, the substrates were abundantly washed with CH 2 Cl 2 .

Smooth surfaces with each monomer were prepared using a two-step process. First deposition at constant potential with a low deposition charge of 1 mC cm -2 . Then, in order to have polymers in the same state (i.e. dedoped state) as in cyclic voltammetry experiments, the deposits were reduced with one back scan from E ox to -1 V in a solution free of monomer.

Surface characterization.

Samples were observed by transmission electron microscopy (TEM) prior to electrodeposition using a JEOL JSM-1400 TEM. For imaging, a drop of 0.45 µm-filtered solution was deposited onto a 400 mesh TEM copper grid with a carbon support film and the exceeding liquid was absorbed with a paper filter to avoid excessive salt deposition onto the TEM grids.

The surface structures were imaged with a JEOL JSM-6700F scanning electron microscope (SEM).

The surface wettability was characterized by measuring apparent contact angles ( θ) using a KRÜSS DSA30 goniometer. Three probes of liquids of different surface tensions (γ LV ) were used: water (72.8 mN/m), diiodomethane (50.0 mN/m) and n-hexadecane (27.6 mN/m).

Each value is given here is a mean value of five measurements. For characterizing the water adhesion, a water droplet was placed on the substrate and the substrate was inclined until the droplet moved. If the droplet moved, that indicated extremely high water adhesion (parahydrophobic or sticky superhydrophobic). For smooth surfaces, the apparent contact angles are called Young' angles (θ Y ).

Their surface energy γ SV were calculated with the Owens-Wendt equation as well as their polar (γ SV,P )

and dispersive (γ SV,D ) parts. 

N-Ph