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In this original work, we wanted to prepare surfaces with both high hydrophobicity and strong water adhesion, as observed on rose petals or gecko foot. The surfaces are prepared by electropolymerization and using thieno [3,4-b]thiophene monomers with various branched alkyl chains. It is observed a change from structured to smooth when the branched alkyl chain length increases. Using short branched alkyl chains, the surfaces are mainly composed of wrinkles and nanoparticles displaying high hydrophobicity (w up to 134.9°) combined with strong water adhesion, as observed on rose petals. Indeed, dynamic contact angle measurements show that the real water adhesion can be very different even if apparent contact angle is the same. By adding H2O in the solvent (CH2Cl2 + H2O), it is possible to release gas bubbles (H2 and/or O2) in-situ leading to more porous surfaces but here it is observed an increase in surface hydrophilicity. These original polymer surfaces have potential applications in water harvesting systems or oil/water separation membranes, for example.

Introduction

Numerous examples of real applications, where wetting properties are essential, exist [START_REF] Zhu | Biomimetic water-collecting materials inspired by nature[END_REF][START_REF] Wang | Hydrophilically patterned superhydrophobic cotton fabrics and their use in ink printing[END_REF][START_REF] Hao | Superhydrophobic-like tunable droplet bouncing on slippery liquid interfaces[END_REF][START_REF] Zhu | Superamphiphobic Cu/CuO micropillar arrays with high repellency towards liquids of extremely high viscosity and low surface tension[END_REF][START_REF] Yang | Dual yolk-shell structure of carbon and silica-coated silicon for high-performance lithium-ion batteries[END_REF][START_REF] Sun | Fly-eye inspired superhydrophobic anti-fogging inorganic nanostructures[END_REF]. The observation of natural phenomena has opened new field of research [START_REF] Darmanin | Superhydrophobic and superoleophobic properties in nature[END_REF][START_REF] Su | Bioinspired interfaces with superwettability: From materials to chemistry[END_REF][START_REF] Barthlott | Plant surfaces: Structures and functions for biomimetic innovations[END_REF][START_REF] Kim | The adhesion model considering capillarity for gecko attachment system[END_REF][START_REF] Feng | Petal effect: A superhydrophobic state with high adhesive force[END_REF][START_REF] Bhushan | The rose petal effect and the modes of superhydrophobicity[END_REF][START_REF] Szczepanski | Recent advances in the study and design of parahydrophobic surfaces: From natural examples to synthetic approaches[END_REF][START_REF] Marmur | Hydro-hygro-oleo-omni-phobic? Terminology of wettability classification[END_REF]. The most famous example are the "self-cleaning" lotus leaves characterized by superhydrophobic properties and ultra-low water adhesion. Other well-known examples but different are the rose petals and gecko foot with extremely high hydrophobic properties but also strong water adhesion. Wenzel and Cassie-Baxter demonstrated the importance of surface roughness but also air fraction trapped inside the surface roughness [START_REF] Wenzel | Resistance of solid surfaces to wetting by water[END_REF][START_REF] Cassie | Wettability of porous purfaces[END_REF]. 2 However only dynamic contact angle measurements allow to quantify the exact value of water adhesion [START_REF] Samuel | Study of wetting and adhesion interactions between water and various polymer and superhydrophobic surfaces[END_REF]. Hence, controlling both the surface energy and the surface structures is the best way to tune the surface wetting properties.

The electropolymerization process has been used in the literature to rapidly form on working electrode substrates conducting polymer films with various surface energy and surface structures [START_REF] Thiam | Parahydrophobic and nanostructured poly(3,4-ethylenedioxypyrrole) and poly(3,4-propylenedioxypyrrole) films with hyperbranched alkyl chains[END_REF][START_REF] Diouf | Surface nanostructuration and wettability of electrodeposited poly(3,4-ethylenedioxypyrrole) and poly(3,4-propylenedioxypyrrole) films substituted by aromatic groups[END_REF][START_REF] Szczepanski | Nano-fold decorated surfaces from the electrodeposition of di-alkyl-cyclopentadithiophenes[END_REF][21][START_REF] Mortier | A bioinspired approach to produce parahydrophobic properties using PEDOP conducting polymers with branched alkyl chains[END_REF][START_REF] Perepichka | Light-emitting polythiophenes[END_REF][START_REF] Lin | Molecular or nanoscale structures? The deciding factor of surface properties on functionalized poly(3,4-ethylenedioxythiophene) nanorod arrays[END_REF][START_REF] Çağlar | Superhydrophobic-electrochromic PEDOT/PFHP bilayer surfaces[END_REF].

One of the most used method is to graft substituents of various nature and hydrophobicity. For the electropolymerization core, thieno [3,4-b]thiophene combines both exceptional polymerization capacity leading to polymers with unique opto-electronic properties, and a relatively easiness to introduce various substituents [START_REF] Fradin | Templateless electrodeposition of conducting polymer nanotubes on mesh substrates[END_REF][START_REF] Sow | Nanotubular structures via templateless electropolymerization using thieno[3,4-b]thiophene monomers with various substituents and polar linkers[END_REF]. To adapt both surface hydrophobicity and water adhesion, perfluorinated or linear alkyl chains can be replaced by branched alkyl chains or aromatics groups [START_REF] Thiam | Parahydrophobic and nanostructured poly(3,4-ethylenedioxypyrrole) and poly(3,4-propylenedioxypyrrole) films with hyperbranched alkyl chains[END_REF][START_REF] Diouf | Surface nanostructuration and wettability of electrodeposited poly(3,4-ethylenedioxypyrrole) and poly(3,4-propylenedioxypyrrole) films substituted by aromatic groups[END_REF][START_REF] Szczepanski | Nano-fold decorated surfaces from the electrodeposition of di-alkyl-cyclopentadithiophenes[END_REF][21][START_REF] Mortier | A bioinspired approach to produce parahydrophobic properties using PEDOP conducting polymers with branched alkyl chains[END_REF].

In this original work, we combine for the first time thieno [3,4-b]thiophene-based monomers with branched alkyl chains of various size, as shown in Scheme 1, in the aim to prepare surfaces with high hydrophobicity and strong water adhesion. We report the influence of the substituent size on surface wetting properties. First the electrodepositions were performed using dichloromethane (CH2Cl2) as classical solvent. Because it was demonstrated that the presence of water (H2O) in the solvent can highly affect the surface structures because gas bubbles (O2 and/or H2), can be released in-situ (process called templateless electropolymerization) here, we study also CH2Cl2 saturated with H2O called CH2Cl2 + H2O. Indeed, the polymer can grow around the gas bubbles with the possibility to create porous structures of various size or shape [START_REF] Fradin | Templateless electrodeposition of conducting polymer nanotubes on mesh substrates[END_REF][START_REF] Sow | Nanotubular structures via templateless electropolymerization using thieno[3,4-b]thiophene monomers with various substituents and polar linkers[END_REF], as reported in the literature by electropolymerization of pyrrole in water and in the presence of surfactant [START_REF] Kim | The microcontainer shape in electropolymerization on bubbles[END_REF][START_REF] Fakhry | Mechanism of formation of templateless electrogenerated polypyrrole nanostructures[END_REF][START_REF] Qu | Preparation of polypyrrole microstructures by direct electrochemical oxidation of pyrrole in an aqueous solution of camphorsulfonic acid[END_REF][START_REF] Thiam | Designing nanoporous membranes through templateless electropolymerization of thieno[3,4-b]thiophene derivatives with high water content[END_REF][START_REF] Sane | Coral-like nanostructures[END_REF]. It is also worth-noting the existence of a "deformation force" at the three-phase boundary among gas (bubble), liquid (electrolyte), and solid (polymer) [START_REF] Kim | The microcontainer shape in electropolymerization on bubbles[END_REF].

Scheme 1. Original thieno [3,4-b]thiophene-based monomers with branched alkyl chains investigated in the manuscript.

Materials and methods

Monomer synthesis

Scheme 2. Synthesis way to the monomers.

The synthesis way is schematized in Scheme 2. This way includes the synthesis of thieno [3,4-b]thiophen-2-ylmethanol (Thieno-OH) from 3,4-dibromothiophene [START_REF] Wynberg | Thieno[3,4-b]thiophene. The third thiophthene[END_REF][START_REF] Lee | Poly(thieno[3,4-b]thiophene). A new stable low band gap conducting polymer[END_REF][START_REF] Buemi | Molecular and electronic structures of thieno[3,4-b]thiophene-2-carboxylic acid and acetic thieno[3,4-b]thiophene-2-carboxylic anhydride. An AM1, MNDO, and CNDO/S study[END_REF][START_REF] Wada | Synthesis of thieno[3,4-b]thiophene-based donor molecules with phenyl ester pendants for organic solar cells: Control of photovoltaic properties via single substituent replacement[END_REF]. Then, the original monomers were obtained by esterification. The synthesis was performed in 20 mL of absolute CH2Cl2 in the presence of 1.2 eq. of carboxylic acid with various branched alkyl chains, 1.2 eq. of N-(3-dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride and a catalytic amount of 4 4-(dimethylamino)pyridine (DMAP). After stirring for 30 min, 100 mg of Thieno-OH (1eq.) was added to the mixture. After one day at room temperature, the crude product was purified by column chromatography (silica gel, eluent cyclohexane : diethyl ether).

Thieno-br-C3: Thieno [3,4-b] 

Monomer electropolymerization

The electropolymerizations were performed on gold-coated silicon wafers (working electrode). In the electrochemical system, a carbon rod was also used as the counter-electrode and a saturated calomel electrode (SCE) as the reference electrode. 10 mL of CH2Cl2 or CH2Cl2 + H2O was then added to the cell. CH2Cl2 + H2O was simply prepared by adding a high amount of H2O to CH2Cl2 and decantation.

H2O in necessary for the templateless electropolymerization and is transformed into O2 and/or H2 bubbles depending on the potential range. Tetrabutylammonium perchlorate (Bu4NClO4) was used as the electrolyte. It allows to increase solution conductivity and also to stabilize the charges of the polymer films in their doping state. In order to release of high amount of gas bubbles, the electropolymerization was performed by cyclic voltammetry. The potential range used was -1 V to monomer oxidation potential (E ox  1.62-1.74 V vs SCE depending on the monomers) with a scan rate of 20 mV s -1 and different numbers of scans (1, 3 and 5). 6 

Surface characterization

After metallization, the surfaces structures were observed by scanning electron microscopy (SEM) (6700F microscope from JEOL). The chemistry surface analyses were performed by EDX and infrared IR analyses. A Tescan Vega 3 XMU scanning electron microscope equipped with an X-MaxN 50 EDX detector was used for the EDX analyses and an infrared spectrum 2 from Perkin Elmer for the IR analyses.

The wetting properties was characterized by goniometry (DSA30 from Bruker). For the surface hydrophobicity, 2 L water droplets were placed on the substrate and the apparent contact angles with water (w) measured at the triple point (n=5). For the water adhesion, a water droplet is placed on the substrate and the surface is tilted until the water droplet moves. If the droplet moves, the advanced and receding contact angles are determined just before. If the droplet does not move even if the surface is tilted to 90°, that indicates that the water adhesion is extremely strong.

Results

Here, two solvents were chosen in order to release different amounts of gas: CH2Cl2 and CH2Cl2 + H2O.

In order to better electrochemically investigated the effect of H2O [START_REF] Thiam | Designing nanoporous membranes through templateless electropolymerization of thieno[3,4-b]thiophene derivatives with high water content[END_REF], the cyclic voltammogram of the two solvent was compared (Fig. 1). Using CH2Cl2 + H2O, the main difference is a huge peak present between 0 and -1 V vs SCE only during the back scan, and corresponding to the reaction 2 H2O + 2 e - H2 (bubbles) + 2OH -). For the reaction 2 H2O  O2 (bubbles) + 4H + + 4 e -, a peak in present during the forward scan but start only at  2 V vs SCE. Then, each monomer was added separately to the solution and E ox was determined at 1.62-1.74 V vs SCE. Then, it was chosen to electropolymerize by cyclic voltammetry from -1 V to E ox and using 1, 3 and 5 deposition scans. In this potential range, it is especially expected the released of H2 bubbles during the back scans. The cyclic voltammograms of all monomers in CH2Cl2 and CH2Cl2 + H2O are given in Fig. 2 and Fig. 3. For example, the cyclic voltammogram of Thieno-br-C3 displays very intense polymer oxidation and reduction peaks during the forward scans (from -1 V to E ox ) and back scans (from E ox to -1 V), respectively. Their position is roughly  0-1 V. The intensity of the peaks seems to decrease with the branched alkyl chain length and the intensity is extremely low with Thieno-br-C15 and Thieno-br-C17.

This result can be explained by the steric effects from branched alkyl chains reducing tight packing of polymer chains.

Using CH2Cl2 + H2O, the influence H2O is clearly visible in the cyclic voltammograms by the appearance of a very intense peak for H2 formation between 0 and -1 V vs SCE only during the back scans and with all the monomers tested. This peak is slightly lower that the peaks of the polymer reduction and is more evident with Thieno-br-C11, Thieno-br-C15 and Thieno-br-C17. Indeed, using Thieno-br-C11, Thieno-br-C15 and Thieno-br-C17 the pressure induced by the gas bubbles is very significant and the polymer films were removed from the substrate by them. In this process it is preferable that the polymer to have long and insoluble polymer chains and smooth polymer films. Examples of SEM images for the polymer films electrodeposited in CH2Cl2 are gathered in Fig. 4.

Using extremely short branched alkyl chains (Thieno-br-C3), it is observed the presence of both nanoparticles and huge wrinkles. By contrast, as the branched alkyl chain increases in size, the surface becomes smoother. These results can be expected because the increase in the branched alkyl chain can increase the polymer solubility in apolar solvent such as CH2Cl2. Indeed, it was demonstrated the formation of surfaces structures by electropolymerization is highly dependent on the polymer solubility 10 [37]. Moreover, this increase in polymer solubility should also be due to important steric effects reducing also the polymer chain lengths. The study of their surface hydrophobicity (Table 1) shows that the relatively smooth surfaces are hydrophilic or slightly hydrophobic. In opposite, the presence of wrinkles and nanoparticles highly increases the surface hydrophobic as observed with Thieno-br-C3

with w = 134.9° for 5 deposition scans. This surface is also completely sticky, as observed by the strong adhesion of water droplets placed on it (Figure 5). This special wetting phenomena is similar to this observed on rose petals or gecko foot [START_REF] Feng | Petal effect: A superhydrophobic state with high adhesive force[END_REF][START_REF] Bhushan | The rose petal effect and the modes of superhydrophobicity[END_REF][START_REF] Szczepanski | Recent advances in the study and design of parahydrophobic surfaces: From natural examples to synthetic approaches[END_REF][START_REF] Marmur | Hydro-hygro-oleo-omni-phobic? Terminology of wettability classification[END_REF]. Using CH2Cl2 + H2O, the presence induced by gas bubbles is important and using Thieno-br-C11, Thieno-br-C15 and Thieno-br-C17 the polymer films were removed from the substrate by them. For the other monomers, the SEM images (Fig. 6) show that the polymer grows around the gas bubbles but especially with short branched alkyl chains (Thieno-br-C3 and Thieno-br-C5) leading to porous surfaces. The study of their surface wettability shows that the porosity increases here the surface hydrophilicity (Table 2). Finally, the films were also chemically analyzed. Example of infrared (IR) and EDX spectra obtained with Thieno-br-C3 are available in Supporting Information.

Conclusions

Here, we studied thieno [3,4-b]thiophene-based monomers with various branched alkyl chains by electropolymerization. We observed a change from structured to smooth when the branched alkyl chain length increases. The surfaces prepared with short branched alkyl chains could display both high hydrophobicity w up to 134.9° and strong water adhesion, comparable to rose petals. By adding H2O in the solvent (CH2Cl2 + H2O), it was even possible to release gas bubbles (H2 and/or O2) and induce the polymer growth around them, leading here to more porous and hydrophilic surfaces. Such materials are excellent candidates for future works in water harvesting systems or oil/water separation membranes.
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 1 Fig. 1. Cyclic voltammograms (1 scan) of CH2Cl2 (left column) and CH2Cl2 + H2O (right column) with Bu4NClO4 as electrolyte. Scan rate: 20 mV s -1 .

Fig. 2 .Fig. 3 .

 23 Fig. 2. Cyclic voltammograms (5 scans) of Thieno-br-C3, Thieno-br-C5 and Thieno-br-C7 in CH2Cl2 (left column) and CH2Cl2 + H2O (right column) with Bu4NClO4 as electrolyte. Scan rate: 20 mV s -1 .

Fig. 4 .

 4 Fig. 4. SEM images of polymer surfaces obtained from all monomers in CH2Cl2 with Bu4NClO4 as electrolyte. 3 scans at scan rate of 20 mV s -1 .

Fig. 5 .

 5 Fig. 5. The photograph of water droplet on the surface of PolyThieno-br-C3 polymer electrochemically prepared in 0.1 M Bu4NClO4 / CH2Cl2 by cyclic voltammetry (5 scans) and inclined at the angle of 90 °.

Fig. 6 .

 6 Fig. 6. SEM images of polymer surfaces obtained from Thieno-br-C3, Thieno-br-C5 and Thieno-br-C7 in CH2Cl2 + H2O with Bu4NClO4 as electrolyte. 3 scans at scan rate of 20 mV s -1 .

  CDCl3): 175.6, 145.4, 144.16, 138.06, 117.54, 115.76, 111.54, 109.79, 60.86, 32.93, 17.88; MS (70 eV): m/z 240 (M + , 35), 170 (C7H6OS2 + , 80), 153 (C7H5S2 + , 100). Thieno[3,4-b]thiophen-2-ylmethyl 2-ethylbutanoate. Yield 100%; clear yellow liquid; δH (200 MHz, CDCl3): 7.31 (s, 1H), 7.20 (s, 1H), 6.91 (s, 1H), 5.22 (s, 2H), 2.24 (s, 1H), 1.63 (m, 4H), 0.93 (m, 6H); δC (50 MHz, CDCl3): 175.79, 145.39, 139.15, 116.87, 112.53, 110.79, 61.63, 48.79, 24.95, 11.87); MS (70 eV): m/z 268 (M + , 25), 170 (C7H6OS2 + , 98), 153 (C7H5S2 + , 100). Thieno[3,4-b]thiophen-2-ylmethyl 2-hexyldecanoate. Yield 98%; clear yellow liquid ; δH (200 MHz, CDCl3): 7.30 (m, 2H), 7.20 (s, 1H), 6.91 (s, 1H), 5.21 (s, 2H), 2.38 (s, 1H), 1.25 (m, 24H), 0.88 (m, 6H); δC (50 MHz, CDCl3): 176.13, 146.40, 145.20, 139.16, 116.94, 112.50, 110.72, 61.59,45.67, 32.48, 31.84, 31.64, 29.39, 29.19, 27.39, 27.34, 22.63, 22.56, 22.53, 14.09, 14.03; MS (70

	thiophen-2-ylmethyl isobutyrate. Yield 98%; clear yellow liquid; δH (200 MHz, CDCl3): 7.30 (s, 1H), 7.20 (s, 1H), 6.90 (s, 1H), 5.20 (s, 2H), 2.61 (m, 1H), 1.21 (m, 6H); δC Thieno-br-C15: eV): m/z 408 (M + , 15), 170 (C7H6OS2 + , 100), 153 (C7H5S2 + , 62).
	Thieno-br-C17: 2-(4,4-dimethylpentan-2-yl)-5,7,7-trimethyloctnoate. Yield 85%; clear yellow liquid; δH (200 MHz, Thieno[3,4-b]thiophen-2-ylmethyl CDCl3): 7.30 (s, 1H), 7.20 (s, 1H), 6.91 (s, 1H), 5.19 (s, 2H), 2.26 (m, 1H), 1.39 (m, 8H), 0.88 (m, 24H); δC (50 MHz, CDCl3): 175.32, 146.42, 117.12, 116.96, 112.48, 110.7, 53.17, 53.03, 52.84, 51.25, 50.87, 50.83, 48.83, 37.78, 37.75, 31.02; MS (70 eV): m/z 436 (M + , 12), 170 (C7H6OS2 + , 75), 153 (C7H5S2 + , (50 MHz, Thieno-br-C5: Thieno-br-C7: Thieno[3,4-b]thiophen-2-ylmethyl 2-propylpentanoate. Yield 98%; yellow cristals ; 100).
	δH (200 MHz, CDCl3): 7.31 (m, 1H), 7.26 (s, 1H), 6.90 (s, 1H), 5.21 (s, 2H), 2.43 (s, 1H), 1.35 (m, 8H),
	0.90 (m, 6H); δC (50 MHz, CDCl3): 175.09, 145.40, 144.23, 138.47, 115.78, 109.76, 108.73, 60.68,
	33.52, 32.83, 19.52, 19.42, 12.96; MS (70 eV): m/z 296 (M + , 25), 170 (C7H6OS2 + , 100), 153 (C7H5S2 + ,
	85).
	Thieno-br-C11: Thieno[3,4-b]thiophen-2-ylmethyl 2-butyloctanoate. Yield 100%; clear yellow
	liquid; δH (200 MHz, CDCl3): 7.30 (s, 1H), 7.20 (s, 1H), 6.91 (s, 1H), 5.21 (s, 2H), 2.38 (s, 2H), 1.25 (m,
	14H), 0.87 (m, 6H); δC (50 MHz, CDCl3): 175.12, 145.40, 144.20, 138.15, 115.92, 111.50, 109.73,
	45.72, 44.63, 31.43, 31.10, 30.63, 28.57, 28.17, 26.33, 13.03, 12.88; MS (70 eV): m/z 352 (M + , 17),

Table 1 .

 1 Wettability data for the polymer films obtained by cyclic voltammetry in CH2Cl2.

	Polymer	Number of deposition scans	w [deg]
	PolyThieno-br-C3	1	70.6 ± 3.2
		3	113.2 ± 3.8
		5	134.9 ± 7.0
	PolyThieno-br-C5	1	80.6 ± 11.5
		3	113.1± 10.7
		5	106.2 ± 6.0
	PolyThieno-br-C7	1	72.7 ± 3.9
		3	99.0 ± 5.3
		5	93.7± 16.4
	PolyThieno-br-C11	1	81.8 ± 9.7
		3	77.1 ± 14.3
		5	98.4 ± 12.2
	PolyThieno-br-C15	1	86.5 ± 1.9
		3	83.6 ± 13.6
		5	91.8 ± 1.4
	PolyThieno-br-C17	1	89.5 ± 9.5
		3	93.3 ± 1.6
		5	94.2 ± 2.1

Table 2 .

 2 Wettability data for the polymer films obtained by cyclic voltammetry in CH2Cl2 + H2O.

	Polymer	Number of deposition scans	w [deg]
	PolyThieno-br-C3	1	39.1 ± 1.1
		3	39.0 ± 1.6
		5	57.7 ± 11.5
	PolyThieno-br-C5	1	65.5 ± 2.5
		3	69.6 ± 7.3
		5	81.2 ± 3.7
	PolyThieno-br-C7	1	87.7 ± 4.9
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