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Introduction

Observed for the first time on Lotus leaves, superhydrophobic properties [START_REF] Koch | Multifunctional surface structures of plants: an inspiration for biomimetics[END_REF], characterized by apparent water contact angle (w) above 150° and with very low hysteresis (H) and sliding angle () typically below 10°, were found to be due to the leaf morphology constituted of micro asperities themselves nanostructured, and the chemical composition (waxes) of the leaf. Indeed, it was demonstrated that the presence of micro-and nanostructures and the use of low surface energy materials is a simple way to achieve superhydrophobic properties with high robustness [START_REF] Marmur | Wetting on hydrophobic rough surfaces: to be heterogeneous or not to be?[END_REF][START_REF] Marmur | The lotus effect: superhydrophobicity and metastability[END_REF][START_REF] Marmur | From hygrophilic to superhygrophobic: theoretical conditions for making highcontact-angle surfaces from low-contact-angle materials[END_REF]. This state is considerate as an extreme state of the wettability (Cassie-Baxter state). The contact angle can also be extremely high but with high water adhesion. These intermediate states between the Cassie-Baxter and the Wenzel state are called parahydrophobic states [START_REF] Marmur | Hydro-hygro-oleo-omni-phobic? Terminology of wettability classification[END_REF]. These properties are present in Nature such as on rose Montana petals [START_REF] Feng | Petal effect: a superhydrophobic state with high adhesive force[END_REF], Echeveria pulvinata leaves [START_REF] Godeau | A travel in the Echeveria genus wettability's world[END_REF], gecko feet [START_REF] Badge | The role of surface chemistry in adhesion and wetting of gecko toe pads[END_REF], peach skin [START_REF] Lu | Peach skin effect: a quasisuperhydrophobic state with high adhesive force[END_REF], cacti spines [START_REF] Rykaczewski | Microscale mechanism of age dependent wetting properties of prickly pear cacti (Opuntia)[END_REF] or spider's webs [START_REF] Popp | Surface and wetting properties of embiopteran (webspinner) nanofiber silk[END_REF], and allows for example to species to capture small water droplets even in arid and hot environments.

All these wettability states can be controlled by the material surface energy and the surface structures. Several models have been proposed to explain these phenomena and prove the direct link between rough surfaces and wettability. The first model, the Wenzel model [START_REF] Wenzel | Resistance of solid surfaces to wetting by water[END_REF], illustrates an adhesive behavior of water droplets with a liquid penetration into all the surface roughness allowing also high water adhesion. The second is the Cassie-Baxter model [START_REF] Cassie | Wettability of porous surfaces[END_REF], where the droplet stays on the top of the asperities and allows the trapping of air pockets between the droplet and the surface roughness which induces a low adhesion of the droplet on the surface and its selfsliding behavior. This model can explain phenomena as the self-cleaning properties of Lotus leaves 1 or the anti-fogging property of fly eyes [START_REF] Sun | Fly-eye inspired superhydrophobic anti-fogging inorganic nanostructures[END_REF]. Amongst all the surface structures reported in the literature, nanofibers were found to be extremely interesting to control the surface wettability [START_REF] Chu | A facile, sustainable strategy towards the preparation of silicone nanofilaments and their use as antiwetting coatings[END_REF][START_REF] Wang | Ultra low water adhesive metal surface for enhanced corrosion protection[END_REF][START_REF] Tsoi | Surface functionalization of porous nanostructured metal oxide thin films fabricated by glancing angle deposition[END_REF][START_REF] Nguyen | Quantitative testing of robustness on superomniphobic surfaces by drop impact[END_REF]. Indeed, the surface hydrophobicity and water adhesion are highly dependent on their length, diameter, orientation to the substrates as well as their spacing. Conducting polymers are unique materials for their optoelectronic properties but also for their ability to form various structured materials. For example, due to the presence of NH groups allowing hydrogen bonds, the polyaniline was often used for their capacity to form nanofibers not only in solution by self-assembly but also directly on substrates [START_REF] Zhu | Superhydrophobic 3D microstructures assembled from 1D nanofibers of polyaniline[END_REF][START_REF] Zhu | Conducting and superhydrophobic rambutan-like hollow spheres of polyaniline[END_REF][START_REF] Tan | Formation of dualresponsive polystyrene/polyaniline microspheres with sea urchin-like and core-shell morphologies[END_REF]. The electropolymerization is a process able to induce very quickly the growth of surface structures. 3,4-ethylenedioxythiophene (EDOT) and 3,4-propylenedioxythiophene (ProDOT) were often used to obtained nanofibers [START_REF] Darmanin | Superoleophobic surfaces with short fluorinated chains?[END_REF][START_REF] Darmanin | One-pot process to control the elaboration of nonwetting nanofibers[END_REF][START_REF] Luo | Polydioxythiophene nanodots, nonowires, nano-networks, and tubular structures: the effect of functional groups and temperature in template-free electropolymerization[END_REF] due to the presence of high interactions inside the polymer backbone [START_REF] Raimundo | Push-pull chromophores based on 2,2′-bi[3,4-ethylenedioxythiophene] (BEDOT) π-conjugating spacer[END_REF]. Very recently, 3,4-ethylenedioxypyrrole (EDOP) and 3,4propylenedioxypyrrole (ProDOP) were also reported in the literature for their unique optoelectronic properties [26][START_REF] Zong | Poly[3,4-alkylenedioxypyrrole]s: highly stable electronically conducting and electrochromic polymers[END_REF][START_REF] Schottland | 3,4-Alkylenedioxypyrroles: functionalized derivatives as monomers for new electron-rich conducting and electroactive polymers[END_REF][29][START_REF] Walczak | Poly(3,4-alkylenedioxypyrroles): The PXDOPs as versatile yet underutilized electroactive and conducting polymers[END_REF]. The group of Reynolds reported various opto-electronic properties PEDOP and PProDOP polymers substituted in different positions but the surface morphology and wettability was not studied. Our group tried to graft different hydrophobic chains and were able to obtain superoleophobic properties by substituting PEDOP and ProDOP polymers with fluorinated chains on the nitrogen [START_REF] Darmanin | Enhancement of the superoleophobic properties of fluorinated PEDOP using polar glycol spacers[END_REF][START_REF] Mortier | 3,4-Ethylenedioxypyrrole (EDOP) monomers with aromatic substituents for parahydrophobic surfaces by electropolymerization[END_REF]. The superoleophobic properties were in part due to the presence of surface microstructures and nanoporosities. Hence, the presence of nanofibers in these polymers was never observed.

Here, in order to prepare nanofibers with exceptional water and oil-repellent properties, we have chosen to graft fluorocarbon and hydrocarbon chains of different length on the central position (3-position) of ProDOP keeping the NH group free (Scheme 1) and as a consequence to induce nanofibers thanks to hydrogen bonds. Indeed, previous studies on PProDOT derivatives shown that the central position (3-position) of the substituent on the propylene bridge has a benefic effect on the development of the polymeric film, in comparison to the lateral position (2-position) [START_REF] Mortier | The major influences of substituent size and position of 3,4-propylenedioxythiophene on the formation of highly hydrophobic nanofibers[END_REF]. The central position decreases the steric hindrance during the polymerization, increases the polymer chain lengths and favor the formation of structured surfaces such as nanofibers.

We report the influence of the hydrophobic chain on the formation of nanofibers and the resulting surface properties. Scheme 1. Monomers studied in this manuscript.

EXPERIMENTAL SECTION

Monomer synthesis

First, it was necessary to synthesize 1,3-diols substituted by hydrocarbon and fluorocarbon chains in the 2-position (Scheme 2). Their synthesis was already reported in the literature [START_REF] Darmanin | Wettability of poly(3-alkyl-3,4-propylenedioxythiophene) fibrous structures forming nanoporous, microporous or micro/nanostructured networks[END_REF][START_REF] El-Maiss | Controlling electrodeposited conducting polymer nanostructures with the number and the length of fluorinated chains for adjusting superhydrophobic properties and adhesion[END_REF]. The first step was performed with potassium carbonate (K2CO3) with hydrocarbon chains and sodium hydride (NaH) with fluorocarbon chains. The second step was the reduction of ester groups into diols using lithium aluminum hydride (AlLiH4).

Scheme 2. Synthesis of necessary mesylates.

Then, the diols were mesylated using methanesulfonyl chloride. For that, 1 eq. of the substituted diol and 3 eq. of methanesulfonyl chloride with dimethyl aminopyridine (DMAP) in catalytic proportion were mixed in 200 mL of anhydrous dichloromethane (DCM) under stirring and at room temperature. Then, 3 eq. of triethylamine (TEA) was added slowly and the mixture was left during 24 h at room temperature. After solvent evaporation, the crude product was extracted with distillated water and diethyl ether. After solvent evaporation under vacuum, the product was used as it.

Diethyl 1-benzyl-3,4-dihydroxy-1H-pyrrole-2,5-dicarboxylate (1) was synthesis in four steps from iminodiacetic acid using a strategy reported by the groups of Merz and Reynolds (Scheme 3) [26,[START_REF] Zong | Poly[3,4-alkylenedioxypyrrole]s: highly stable electronically conducting and electrochromic polymers[END_REF].

All the 1 H, 9 F and 13 C MNR and mass spectra can be found in the Supporting Information. The characterization data of 2a-2i and 3a-3i are also given in Supporting Information. Scheme 3. Synthesis pathway to the monomers. Then a coupling reaction was performed between 1 and the mesylate. 1 eq. of 1 and 5 eq. of K2CO3 were mixed in 250 mL of dimethylformamide (DMF) as solvent under mechanical stirring and at 100°C. Then 1 eq. of necessary mesylate was slowly added and the mixture was left at 100°C for 24 h. The mixture was extracted using ethyl acetate and distillated water and distillated for remove the residual DMF. Then, the crude product was purified under column using silica gel and diethyl ether and petroleum ether (1:1) as eluent to lead to 2a-2i.

For the debenzylation, 1 eq. of 2a-2i, 2.3 eq. of anisole, H2SO4 in catalytic proportion and 50 mL of CF3CO2H as solvent/reagent were mixed in a one pot mixture during 1 h at 90°C. The mixture was added in 300 mL of saturated NaHCO3 solution to neutralize CF3CO2H excess and the product was extracted with ethyl acetate. After solvent evaporation and distillation, the crude product was purified under column using silica gel and diethyl ether and petroleum ether (1:1) as eluent to lead to 3a-3i.

For the saponification, 3 g of 3a-3i was added to 30 mL of 2 M NaOH solution with 15 mL ethanol to facilitate its solubilization. The mixture was refluxed for 24 h. The solvents were removed under vacuum and then 20 mL of water and 20 mL of methanol were added. The methanol was necessary to solubilize the product and perform the acidification (the product was acidified with HCl acidified until pH 2). The solvents were quickly removed and the product was dried in an oven at 120°C to lead to 4a-4i.

For the decarboxylation, 50 mL of triethanolamine was heated to 200°C and with a high stirring.

Then, 3 g of the 4a-4i was quickly added. After complete decarboxylation (30-60s), the product was cooled and extracted with 300 mL of water and ethyl acetate as organic phase. Here, it was necessary to perform many extractions (about 10) to be sure that all the product passed through the organic phase. Fortunately, it was easy to detect the product using TLC and using ninhydrin as revelator. Finally, the crude was purified under column using silica gel and diethyl ether and petroleum ether (1:1) as eluent with 10% of triethylamine (TEA) due to the product sensitivity. 

3-methyl-2,3,4,7-tetrahydro-[1,4]dioxepino[2,3-c]pyrrole (ProDOP-C1

Electrochemical experiments

The electropolymerization experiments were performed with an Autolab potentiostat of Metrohm using a three-electrode system. A glassy carbon rod was used as counter-electrode and a saturated calomel electrode (SCE) was used as reference electrode. For the working electrode, a platinum tip was first used in order to know the range of monomer oxidation (Table 1) by cyclic voltammetry. The three-electrode system was connected to an electrochemical cell containing 10 mL of anhydrous acetonitrile with 0.1 M of tetrabutylammonium perchlorate (Bu4NClO4) and 0.01 M of monomer. The solutions were degassed over argon before use. To study the stability of the polymers, 10 scans by cyclic voltammetry between -1V and the monomers oxidation potentials with a scan rate of 0.02 V s -1 were performed (figure 3 and4). For the polymer depositions, a gold-coated silicon wafer (2 cm 2 ) was used as working electrode and the three-electrode system was connected to an electrochemical cell with the same conditions as before. The depositions were performed to a potential equal to the monomer oxidation potential and using different deposition charge (Qs). For each monomer, rough surfaces were performed at 12,5, 25, 50, 100, 200 and 400 mC cm -2 and smooth surfaces at 1 mC cm -2 .

Table 1. Mono alkyl & fluoro alkyl monomers oxidation potentials (vs. SCE)

Monomers

Surface characterization

The surface properties were characterized by goniometry, optical profilometry and scanning electron microscopy (SEM). The wetting properties were determined by contact angle measurements using a DSA30 goniometer of Krüss. Three liquid probes of different surface tension were used to determine the surface hydrophobicity and oleophobicity: water (γL=72.8mN m -1 ), diiodomethane (γL=50.8mN m -1 ), and hexadecane (γL=27.5mN m -1 ). The dynamic contact angles were determined using the tilted-drop method. In this method, a 2µL droplet is placed on the surface and the surface is inclined until the droplet moves. Just before the droplet moving, the advanced (θadv) and receding (θrec) contact angles are taken and therefore the hysteresis H = θadvθrec. The maximum inclination angle is called sliding angle (α). The scanning electron microscopy (SEM) images were recorded with a 6700F microscope of JEOL. The arithmetic (Ra)

and quadratic (Rq) surface roughness were obtained with a WYKO NT1100 optical profiling system from Bruker. For these measurements, the working mode High Mag Phase Shift Interference (PSI), the objective 50×, and the field of view 0.5× were used.

Results and Discussion

Choice of the monomers and characterization

The monomers were chosen according to previous works showing their high conductivity and unique optoelectrical properties [START_REF] Zong | Poly[3,4-alkylenedioxypyrrole]s: highly stable electronically conducting and electrochromic polymers[END_REF][START_REF] Schottland | 3,4-Alkylenedioxypyrroles: functionalized derivatives as monomers for new electron-rich conducting and electroactive polymers[END_REF][29][START_REF] Walczak | Poly(3,4-alkylenedioxypyrroles): The PXDOPs as versatile yet underutilized electroactive and conducting polymers[END_REF]. Here, the study is focus on the morphologies and the wetting properties as a function of the nature and the length of the hydrophobic chain. So, in order to study all the parameters, it was first necessary to synthesize all these monomers. Here, they were obtained using multiple-step synthesis (c.f. experimental section). The monomer spectra are given in supporting information. The 1 H spectra show singulet at 7.0 ppm of integration 1, a doublet at 6.3 ppm of integration 2, a dedoubled doublet at 4.0 ppm of integration 2, another dedoubled doublet at 3.9-3.6 ppm of integration 2, and the signals of the substituents.

The two doublets dedoublets are particularly interesting (Figure 1) because they are depending of the length and the intrinsic property of the chain, indeed the increasing of the length chain induces an important blinded shift of the second (right) signal of 0.2 ppm. 

Electropolymerization

In order to study the monomer polymerization capacity, 10 scans of cyclic voltammetry were performed using a platinum tip electrode (Figures 2 and3). The cyclic voltammograms show polymer oxidation peaks during the forward scan and polymer reduction peaks during the back scan. With all monomers, a high and constant increase in the intensity of the peaks was observed after each scan showing exceptional polymerization capacity; only ProDOP-F4 present high changes in the potential of these peaks. This is not surprising because it is known that short C4F9 chains are extremely mobile and as a consequence induce high steric hindrance during polymerization. Using alkyl chains, the polymer oxidation and reduction potentials are extremely low (between -0.5 and 0.0 V vs SCE) indicating that the polymer chain lengths are extremely long. (scan rate 20mV s -1 ) in medium of NBu4ClO4 as electrolyte and anhydrous ACN as solvent

Surface morphology and roughness

Then, rough surfaces were prepared on gold plates at constant potential and using various deposition charges (Qs). Smooth polymers were also prepared with a Qs of 1 mC cm -2 . SEM images at 200 mC cm -2 are given in Figures 456. The 200mC cm -2 samples were chosen for their high roughness and non-wetting properties. With hydrocarbon chains, a change in the surface morphology from smooth to spherical particles passing though nanofibers is observed as the hydrocarbon chain length increases (Figures 4 and5). This change can be easily explained by the increase in the polymer insolubility as the hydrocarbon chain length increases, as already observed in the literature [START_REF] Poverenov | Major effect of electropolymerization solvent on morphology and electrochromic properties of PEDOT films[END_REF]. Moreover, extremely long fibers are obtained with ProDOP-H8 leading to extremely porous surfaces because the spacing between the fibers is important. The presence of porosity in an extremely important parameter in the Cassie-Baxter equation and can induce a high increase in the liquid-repellent properties. Using ProDOP-H10, the fibers are smaller and larger but the porosity is less important. with X5,000 (left) and X25,000 (right) magnifications

The roughness analyses show that ProDOP-H8 gives the highest roughness within ProDOP-Hn series but an extremely high Qs of 400 mC cm -2 is necessary (Figure 7). Using ProDOP-F4, high roughness is obtained but even for Qs above 200 mC cm -2 (Figure 8). samples of PProDOP-Fm

Liquid repellent properties

The contact angles at 200 mC cm -2 and using three different liquids probe (water, diiodomethane and hexadecane) are reported in Figure 9. The highest w are obtained with ProDOP-C8, ProDOP-C12, ProDOP-F4 and ProDOP-F6, confirming the importance of the presence of nanofibers in the increase in surface hydrophobicity. PProDOP-F4 is relatively close to superhydrophobic properties (H = 24 and a α of 12.2°) (Figure 10) while PProDOP-F6, ProDOP-C8 and ProDOP-C12 are parahydrophobic with high sticking behavior (Figure 11). Moreover, the polymer with hydrocarbon chains are also superoleophilic which is expected due to their chemical affinity, while the fluorinated polymers are much more oleophobic. Here, also PProDOP-F4 is also the more oleophobic with diido > 130° and hexa > 100°.

Discussions

The wettability results of rough surfaces can be explained using the Wenzel and Cassie-Baxter equations [START_REF] Wenzel | Resistance of solid surfaces to wetting by water[END_REF][START_REF] Cassie | Wettability of porous surfaces[END_REF]. These equations being related to the contact angle of the same material but smooth, it was important to determine this contact angle, also called Young angle ( Y ) [START_REF] Young | An essay on the cohesion of fluids[END_REF].

These smooth surfaces were obtained with a low deposition charge of 1 mC cm -2 . These angles are given in Figure 12 and Table 2. The polymers with hydrocarbon chains above 8 carbons and the fluorinated polymers are intrinsically hydrophobic with  Y w > 90°. Only PProDOP-F8 is intrinsically oleophobic with diiodomethane but none is intrinsically oleophobic with hexadecane. Moreover, the Young equation is related to the solid-vapor (SV), solid-liquid (SL) and liquid-vapor interfaces (LV), by the relation cos  Y = (SV -SL)/LV. Here, it was also possible to determine the surface energy (SV) as well as the polar ( P SV) and dispersive ( D SV)

parts using the Owens-Wendt equation (Table 2) [START_REF] Owens | Estimation of the surface free energy of polymers[END_REF]. As expected, the fluorinated polymers have the lowest surface energy with LV as low as 12.3 mN m -1 due to their high oleophobic properties.

Now, the results can be explained with the Wenzel and Cassie-Baxter equations. In the Wenzel state, the water droplet fully enters in all surface roughness. The Wenzel equation is cosθ = r.cos θ Y , where r is a roughness parameter [START_REF] Wenzel | Resistance of solid surfaces to wetting by water[END_REF]. With this equation, it is possible to obtain high contact angle but only if θ Y > 90°. Moreover, the liquid adhesion is high because the roughness parameter also increases the solid-liquid interface. In the Cassie-Baxter state, air is present inside the surface roughness between the surface and the liquid [START_REF] Cassie | Wettability of porous surfaces[END_REF]. With this equation, it is possible to obtain high contact angle whatever θ Y . The presence of air also reduces the contact between the surface and the liquid and as a consequence the contact angle hysteresis (H) and sliding angle (). Here, the presence of nanofibers induces a high increase in water contact angle for the hydrocarbon polymers and in both water and oil contact angles for the fluorinated polymers. For example, PProDOP-F4 was close to the Cassie-Baxter state because H and  were low while the parahydrophobic properties [START_REF] Marmur | Hydro-hygro-oleo-omni-phobic? Terminology of wettability classification[END_REF] of PProDOP-F6 is a state closer to the Wenzel state. Indeed, PProDOP-F4 is composed of nanofibers leading to a very rough and porous films. The trapping of air inside the surface structures is favored leading to Cassie-Baxter state, even if the surface energy is lower compared to with longer fluorinated chains. 

Conclusion

Here, in the aim to prepare nanofibers with high liquid-repellent properties, we synthesized ProDOP derivatives with hydrocarbon and fluorocarbon chains in the 3-position, keeping the NH group free (important condition to lead to nanofibers thanks to hydrogen bonds). We obtained nanofibers of different size with octyl, decyl and C4F9 chains with different liquid-repellent properties and liquid adhesion. For example, PProDOP-C8 was close to superhydrophobic properties (low water adhesion) while PProDOP-H10 was parahydrophobic (high water adhesion).

This works opens a lot of possible of applications in the nanotechnology field as water harvesting surfaces, liquid separation membrane or in anti-bioadhesion surfaces. The free N-H bond also open a large range of applications in the field of smart materials with pH variation for example and it is possible also to functionalize the nitrogen.

  F4). Yield 42.6%; white solid; mp = 132.4°C ; δH(200 MHz, CDCl3): 7.19 (s, 1H), 6.31 (d, 2H), 4.05 (dd, 2H), 3.91 (dd, 2H), 1.98 (m, 5H); δF(188 MHz, CDCl3): -81.03 (m, 3F), -114.84 (m, 2F), -124.38 (m, 2F), -126.05 (m, 2F); δC(50 MHz, CDCl3): 139.02, 103.35, 74.83, 42.51, 28.32, 17.67; MS (70 eV): m/z 385.12 (M + , 100), 99.16 (C4H5NO2 •+ , 31).

  (ProDOP-F6). Yield 10.3%; white solid; mp = 116.7°C ; δH(200 MHz, CDCl3): 7.17

  (s, 1H), 6.31 (d, 2H), 4.05 (dd, 2H), 3.91 (dd, 2H), 2.09 (m, 5H); δF(188 MHz, CDCl3): -80.81 (m, 3F), -114.67 (m, 2F), -121.93 (m, 2F), -122.86 (m, 2F), -123.38 (m, 2F), -126.05 (m, 2F); δC(50 MHz, CDCl3): 139.05, 103.37, 74.85, 42.55, 28.43, 17.70; MS (70 eV): m/z 485.16 (M + , 100), 99.28 (C4H5NO2 •+ , 38).

  c]pyrrole (ProDOP-F8).Yield 11.0%; grey solid; mp = 131.2°C ; δH(200 MHz, CDCl3): 7.10 (s, 1H), 6.25 (d, 2H), 4.00 (dd, 2H), 3.85 (dd, 2H), 1.91 (m, 5H); δF(188 MHz, CDCl3): -80.77 (m, 3F), -114.61 (m, 2F), -121.91 (m, 6F), -122.73 (m, 2F), -123.40 (m, 2F), -126.16 (m, 2F); δC(50 MHz, CDCl3): 139.03, 103.35, 74.84, 42.52, 28.47, 17.63; MS (70 eV): m/z 585.14 (M + , 100), 99.27 (C4H5NO2 •+ , 35).

Figure 1 .

 1 Figure 1. Comparison of two signals of 1 H MNR spectra (between 4.20 and 3.50ppm) of ProDOP-H1 (left) and ProDOP-H8 (right)

Figure 2 .Figure 3 .

 23 Figure 2. Cyclic voltammograms of ProDOP-Hn with n = 1, 4, 6, 8, 10 and 12 on 10 scans of depositions (scan rate 20mV s -1 ) in medium of NBu4ClO4 as electrolyte and anhydrous ACN as solvent

Figure 4 .

 4 Figure 4. SEM images of PProDOP-H1, PProDOP-H4 and PProDOP-H6 deposited at 200mC cm -

Figure 5 .

 5 Figure 5. SEM images of PProDOP-H8, PProDOP-H10 and PProDOP-H12 deposited at 200mC cm -2 with X5,000 (left) and X25,000 (right) magnifications

Figure 6 .

 6 Figure 6. SEM images of PProDOP-F4, PProDOP-F6 and PProDOP-F8 deposited at 200mC cm -2

Figure 7 . 2 samplesFigure 8 .

 728 Figure 7. Graphic of the evolution of the arithmetic roughness on 100, 200 and 400mC cm -2 samples of PProDOP-Hn

Figure 9 .Figure 10 .

 910 Figure 9. Wettability with water, diiodomethane and hexadecane on the 200mC cm -2 deposited samples

Figure 11 .

 11 Figure 11. Parahydrophobic behavior of a water droplet (4 µL) on a 200mC cm -2 sample of PProDOP-F6.

Figure 12 .

 12 Figure 12. Wettability of rough (200mC cm -2 ) and smooth (1mC cm -2 ) with water.

  

  

butyl-2,3,4,7-tetrahydro-[1,4]dioxepino[2,3-c]pyrrole (ProDOP-C4).

  

	). Yield 17.1%; white
	solid; mp = 138.8°C ; δH(200 MHz, CDCl3): 7.18 (s, 1H), 6.32 (d, 2H), 4.02 (dd, 2H), 3.65 (dd,
	2H), 2.33 (m, 1H), 1.02 (d, 3H); δC(50 MHz, CDCl3): 139.33, 103.31, 77.54, 38.53, 12.70; MS
	(70 eV): m/z 153.09 (M + , 100), 110.14 (C6H8NO +• , 16), 99.14 (C4H5NO2 •+ , 23).
	3-Yield 48.4%; white
	solid; mp = 84.9°C ; δH(200 MHz, CDCl3): 7.19 (s, 1H), 6.29 (d, 2H), 4.01 (dd, 2H), 3.85 (dd,
	2H), 2.04 (m, 1H), 1.41 (m, 6H), 0.91 (t, 3H); δC(50 MHz, CDCl3): 139.27, 103.19, 76.08, 43.51,
	29.30, 26.94, 22.88, 13.97; MS (70 eV): m/z 195.27 (M + , 100), 99.44 (C4H5NO2 •+ , 100).
	3-

hexyl-2,3,4,7-tetrahydro-[1,4]dioxepino[2,3-c]pyrrole (ProDOP-C6).

  , 31.73, 29.47, 27.24, 27.08, 22.62, 14.07; MS (70 eV): m/z 223.19 (M + , 62), 99.13 (C4H5NO2 •+ , 100).

	43.523
	Yield 25.8%; grey
	solid; mp = 76.9°C ; δH(200 MHz, CDCl3): 7.15 (s, 1H), 6.30 (d, 2H), 4.03 (dd, 2H), 3.84 (dd,
	2H), 2.04 (m, 1H), 1.31 (m, 10H), 0.88 (t, 3H); δC(50 MHz, CDCl3): 139.29, 103.19, 76.09,

-octyl-2,3,4,7-tetrahydro-[1,4]dioxepino[2,3-c]pyrrole (ProDOP-C8). Yield

  

	2.8%; brun solid;
	mp = 74.0°C ; δH(200 MHz, CDCl3): 7.14 (s, 1H), 6.30 (d, 2H), 4.01 (dd, 2H), 3.84 (dd, 2H),
	2.04 (m, 1H),1.27 (m, 14H), 0.88 (t, 3H); δC(50 MHz, CDCl3): 139.31, 103.20, 76.09, 43.53,
	31.86, 29.82, 29.49, 29.28, 27.25, 27.12, 22.65, 14.09; MS (70 eV): m/z 251.48 (M + , 52), 100.78
	(C4H6NO2 •2+ , 52), 99.31 (C4H5NO2 •+ , 100).
	3-decyl-2,3,4,7-tetrahydro-[1,4]dioxepino[2,3-c]pyrrole (ProDOP-C10). Yield 4.5%; dark
	solid; mp = 70.0°C ; δH(200 MHz, CDCl3): 7.13 (s, 1H), 6.29 (d, 2H), 4.01 (dd, 2H), 3.84 (dd,
	2H), 2.04 (m, 1H), 1.26 (m, 18H), 0.88 (t, 3H); δC(50 MHz, CDCl3): 139.30, 103.20, 76.09,
	43.53, 31.89, 29.82, 29.61, 29.53, 27.25, 27.13, 22.67, 14.10; MS (70 eV): m/z 279.45 (M + , 46),
	206.88 (C12H16NO2 •2+ , 37), 100.94 (C4H6NO2 •2+ , 46), 99.41 (C4H5NO2 •+ , 100).
	3-

dodecyl-2,3,4,7-tetrahydro-[1,4]dioxepino[2,3-c]pyrrole (ProDOP-C12).

  Yield 17%; brun solid; mp = 76.5°C ; δH(200 MHz, CDCl3): 7.12 (s, 1H), 6.30 (d, 2H), 4.01 (dd, 2H), 3.84 (dd, 2H), 2.04 (m, 1H), 1.26 (m, 22H), 0.88 (t, 3H); δC(50 MHz, CDCl3): 139.31, 103.20, 76.09, 43.53, 31.91, 29.82, 29.63, 29.54, 29.34, 27.25, 27.13, 22.68, 14.11; MS (70 eV): m/z 307.30 (M + , 65), 99.27 (C4H5NO2 •+ , 100).

Table 2 . Wettability and roughness parameters for smooth polymer (Qs=1mC cm -²)
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	Polymer	Ra [nm] Rq [nm] θ Y water	θ Y diiodo	θ Y hexa	γsv [mN m -	γ D sv [mN m -	γ P sv [mN m -
		[deg]	[deg]	[deg]	]	1 ]	1 ]

with X5,000 (left) and X25,000 (right) magnifications