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Introduction

Bioinspiration is a fascinating way to make progress in scientific research and has been especially powerful in the field of the surface wettability. Nature has developed over millennia surfaces with unique wettability with both water and oils. [1][2][3][4][5][6] Superhydrophobic properties, characterized by extremely high water contact angles w > 150° and low water adhesion, are present in many plants and animals giving them considerable advantages. For example, some species are able to resist droplet impacts during rainfalls, to slide easily on aquatic surfaces or to clearly see in foggy environments. [7,8] It was shown that the presence of both micro and nanostructures and low surface energy materials can lead to "robust" superhydrophobic properties. [9][10][11] However, it is also extremely important to repel low surface tension liquids such as oils, which is much more difficult due to their high tendency to spread across any substrate. [12] Very recently, it was shown that springtails, which live in soil, have developed on their skin extremely ordered structures with re-entrant curvatures allowing them to repel low surface tension liquids. [13][14][15] Taking inspiration from this and other natural examples, it was shown that the presence of surface structures with re-entrant curvatures such as mushroom-like or T-like can induce a significant increase in both the surface hydrophobicity and oleophobicity. [16,17] Current research aims to see if many other surface structures, such as nanofibers, could also induce such significant increases in antiwetting behavior for water and oils. [16] Different processes can be used to control surface energy and morphology and in particular to obtain nanofibers. These methods includes electrospinning, [18] etching, [19] sputter deposition, [20] hydrothermal processes [21] and chemical vapor deposition. [22] Conducting polymers have been employed to create nanofibers in solution. [23][24][25] When considering this technique, polyaniline has often been employed as a monomer of choice (due to the presence of hydrogen bonds within the NH groups) to lead to nanofibers of different dimension as a function of the synthesis parameters. Electropolymerization also presents a very versatile technique to prepare conducting polymer films with distinct morphologies. This highly reproducible and fast process induces the formation of conducting polymer films on a working electrode.

To control the surface hydrophobicity/oleophobicity, it is both possible to tune the polymer surface energy by introducing intrinsically hydrophobic/oleophobic chains (fluorinated chains, for example) but also the surface morphology with the electrochemical parameters and the monomer structure. [26][27][28] In order to obtain nanofibers by electropolymerization, 3,4-ethylenedioxythiophene (EDOT) and 3,4-propylenedioxythiophene (ProDOT) derivatives are often used. [28][29][30][31] The formation of nanofibers from EDOT or ProDOT derivatives could be in part due to specific sulfuroxygen interactions along the polymer backbone. [32] However, due to the high apolar behavior of the sulfur atom, it is difficult to obtain high oleophobic properties using these derivatives. One strategy to overcome this issue with electropolymerized nanofibers is to replace the sulfur units of EDOT or ProDOT by nitrogen (NH) atoms, which are much more polar. Indeed, 3,4-ethylenedioxypyrrole (EDOP) and 3,4propylenedioxypyrrole (ProDOP) are exceptional monomers for their polymerization capacity and lead to conducting polymers with unique optoelectronic properties. However, due to the extreme difficulty associated with the synthesis of these derivatives (usually requiring about 10 stages due to multiple protection and deprotection steps), there are few reports in the literature on this topic and they are often under-valued Merz et al. were the first to report the possibility to obtain this class of derivatives. [33] Reynolds et al. also worked on ProDOP and substituted them on the alkylenedioxy cycle of the monomer unit. [34][35][36] However, each modification requires a large synthesis to obtain different substituted monomers Our group worked also on ProDOP and EDOP derivatives and substituted them on the nitrogen. [37,38] Even though, superoleophobic properties were obtained due to the presence of both microstructures and nanoporosities, [37,38] the presence of nanofibers using EDOP or ProDOP derivatives was never observed.

Here, in order to induce the presence of nanofibers while keeping high oleophobic properties, we chose to place a substituent not on the nitrogen but on the bridge in order to keep the NH groups on the initial monomer structures free. Here, we report for the first time the production of both EDOP and ProDOP platforms with free NH groups and with OH groups on the monomer bridge (Scheme 1: EDOP-OH and ProDOP-OH). Moreover, these two derivatives were obtained in a single step by reaction of epibromohydrin and were easily separated by chromatographic column. Furthermore, the OH groups present on these derivatives were easily modified by a simple esterification reaction with high yield. For this modification, fluorinated chains (C4F9, C6F13 and C8F17) were used to significantly alter the surface hydrophobicity and oleophobicity. In these monomers, the NH group was kept free to promote the formation of nanofibers, but their modification will be performed in the near future. 

Results and Discussion

The key original molecules of this manuscript are EDOP-OH and ProDOP-OH (Scheme 1). Merz et al. were the first to synthesize EDOP or ProDOP derivatives [33] whereas Reynolds also worked in this field but studied different derivatives. [34][35][36] In this work, the key intermediate for our monomer synthesis is 1. This intermediate molecule contains a benzyl group, which protects the nitrogen and ester groups, which in turn act as protecting groups for the polymerizable sites. The reaction with epibromohydrin was inspired by the work of Chevrot et al. [39] who used it for the synthesis of substituted 3,4ethylenedioxythiophene (EDOT), the sulphur analogue of EDOP. However, the main difference is that the authors obtained only the EDOT isomer (3,4-ethylenedioxythiophene methanol) while here we obtained two different isomers in the overall product, 60% of which was the EDOP isomer (EDOP1) and 40% that was the ProDOP isomer (ProDOP1). Moreover, the two isomers could be easily separated by simple column chromatography with diethyl ether as eluent. 1 H and 13 C NMR is the best way to easily identify the two isomers because ProDOP1 is symmetrical (All the characterization spectra are given in Supporting Information). As a consequence, a triplet of integration 6 is observed for the 2 CH3 of the ethyl carboxylate groups of ProDOP1 while 2 triplets of integration 3 are observed for the EDOP1. Moreover, for the same reason, the number of peaks of the 13 C NMR is larger for the EDOP1. After this reaction with epibromohydrin, the products were then debenzylated in the presence of trifluoroacetic acid, sulfuric acid and anisole. After treatment with NaHCO3, it was observed by TLC that a part of the ester groups was deprotected. Therefore, it was preferable to not purify the products by column chromatography and to use them without further purification. The products were then saponified with NaOH. This step is very important because most of the product can be easily lost. Here, due to the high solubility of the products in water, no extractions were used for the treatment contrary to the works of Merz et al. 26 The solvents were removed and a water/methanol mixture was added to enhance the product solubility and also to facilitate the solvent evaporation after the treatment with HCl (up to pH 2-3). For the decarboxylation, triethanolamine was heated at 200°C and the product was added and the reaction was stopped after the end of CO2 release (20-30 s). The product was then added to an aqueous solution of NaCl and extracted many times (at least 10) with ethyl acetate. Here, it was necessary to be very patient in order to extract all the product, because it has a good affinity to water and also because of the presence of triethanolamine. Fortunately, it was very easy to visualize the presence of the products in the two phases by a simple TLC with ninhydrin to detect the product. The products were then purified by column chromatography using triethylamine as a protecting agent. After drying, EDOP-OH and ProDOP-OH were obtained and were very pure. The 1 H NMR of these two products was very different. For ProDOP-OH, a singlet of integration 2 at 6.21 ppm is observed while all the other protons are gathered in a small range between 3.8 and 4.0 ppm. For EDOP-OH, a multiplet of integration 2 at 6.08 ppm is seen while all the other protons are very different and fall between a large range between 3.6 and 4.2 ppm. The 13 C spectra can be more easily used to identify the products: there are only 4 peaks for ProDOP-OH and 7 peaks for EDOP-OH. After decarboxylation, the fluorinated monomers were obtained by a simple esterification reaction.

For electropolymerization, The monomer oxidation potentials were first determined by cyclic voltammetry in anhydrous acetonitrile containing 0.1 M of Bu4NClO4 and 0.01 M of monomer. The monomer oxidation potential of the EDOP derivatives is significantly lower (E = 0.80-0.90 V) than that of the ProDOP derivatives (E = 1.00-1.10 V). Ten deposition scans by cyclic voltammetry were performed to study polymer growth (Figure 1). The scan rate for these experiments was 20 mV s -1 . All these monomers polymerized perfectly with a very nice superposition of the peaks after each scan. It is important to notice that these monomers give CV curves close to that of EDOT monomers (one of the most efficient monomers for electrodeposition reported to date in the literature), showing that the replacement of S atoms by NH does not have a significant influence). ProDOP derivatives polymerized better than EDOP derivatives because the central position of the substituent is favorable as seen in previous works with ProDOT derivatives. [28] Indeed, using C4F9 chains, which are known to be very mobile, the steric hindrances are much higher with EDOP derivatives as shown by a non-superposition of the CV curves after each scan.

In order to study the surface morphology and wettability, the polymers were electrodeposited onto large gold plates (2 cm 2 ), at constant potential and using different deposition charges (Qs). The SEM images are given in Figures 2 and3. The nature of the polymerizable core (EDOP or ProDOP) does not have the higher influence on the surface morphology. A remarkable change in the surface morphology is observed from relatively smooth surfaces formed from monomers with OH groups (it should be noticed that nanoporosities are observed in PProDOP-OH) to nanofibers for C4F9 chains and to cauliflower-like structures for C8F17 chains. In particular, the nanofibrous surfaces are extremely rough and porous, which could lead to exceptional anti-wetting properties. Indeed, it is known that the presence of nanofibers can be assimilated, in certain conditions, to re-entrant structures and as a consequence induce a high increase in hydro and oleophobic properties. [16] Here, the change in the surface morphology can be easily explained. It was described in the literature that the surface morphology can change from smooth to structure if the solubility of the oligomers formed in the first instance of the polymerization is highly altered. [26] In our work, the change from highly polar OH to extremely apolar C8F17 groups induces a large change in the polymer growth because it highly affects the polymer solubility. Indeed, by increasing the polymer solubility (here, the fluorinated chains), it may be expected to change the surface morphology from nanofibers (1D-growth) to nanosheets (2D-growth) or even spherical particles are assembly of spherical particles such as cauliflower-like structures (3D-growth).

It should also be noted that a very nice change in the dimension of the nanofibers occurs between PEDOP-F4 ( ≈ 100 nm) and PProDOP-F4 ( ≈ 200 nm) surfaces. While PEDOP-F4 is composed of nanofibers of very small dimensions leading to very porous and rough surfaces, the dimensions of the nanofibers are much higher in the case of PProDOP-F4. Here, the change in the monomer (EDOP or ProDOP) induces changes in the polymer assembly and as a consequence can affect the nanofiber dimensions.

The apparent contact angles () as a function of the deposition charge (Qs) and using three different probe liquids are reported in Figure 4. The best results were obtained with C4F9, which confirms the importance of the presence of nanofibers to enhance the surface hydrophobicity and oleophobicity. Superhydrophobic (with low hysteresis and sliding angles) and highly oleophobic properties were reached with PEDOP-F4 with the lowest deposition charge (100 mC cm -2 ) while a much higher deposition charge (400 mC cm -2 ) was necessary with PProDOP-F4. Therefore, the presence of extremely short nanofibers in PEDOP-F4 induce a higher increase on the surface hydrophobicity and oleophobicity. By contrast, PEDOP-OH and PProDOP-OH were hydrophilic or superhydrophilic depending on the deposition charge. In order to better evaluate the effect of the surface structures on the surface hydrophobicity and oleophobicity, it was first necessary to prepare smooth surfaces with the same monomers and to determine their intrinsic wettability. The apparent contact angles of smooth surfaces are given by the Young equation: cos  Y = (SV -SL)/LV, where SV, SL and LV are the surfaced tensions at the solid-vapor, solid-liquid and liquid-vapor interfaces, respectively. [35] Here, smooth surfaces with each polymer were prepared using an ultra-short deposition charge of 1 mC cm -2 . The roughness of these surfaces is given in Table 1 and the data confirms their smoothness with Ra < 9 nm. The wettability measurements show that PEDOP-OH is hydrophilic and superoleophilic, while PProDOP-OH is slightly more hydrophobic and oleophobic. As expected, the fluorinated polymers are intrinsically hydrophobic and also have high oleophobic properties (60° <  Y hexadecane < 80°). Their hydrophobic and oleophobic properties also increase with the alkyl chain length. Using these contact angles 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. [41] The polymer with the highest surface energy (SV = 53.5 mN m -1 ) is PEDOP-OH while PEDOP-F8 has the lowest surface energy (  SV = 9.8 mN m -1 ) Hence, we can conclude that the presence of nanofibers in PEDOP-F4 or PProDOP-F4 induces an increase in the contact angle of about 60° for each probe liquid.

After determining of these properties, it was extremely important to compare with previously reported polymers and especially thier surfur analogues PEDOT and ProDOT in order to determine the effect of the central atom (NH or S) on the surface mrophology and wetting properties. As shown in Figure 5, the central atom has not here a significant influence on the surface morphology. This is due to the fact that EDOP and ProDOP derivatives have polymerization capacity comparable to their EDOT and ProDOT analogues. However, their wetting properties are extremely different. Here, as shown in Table 2, the presence of much polar NH groups induces a high increase in oleophobicity from ≈ 70° to 110°. Hence, the choice to replace the sulfur (S) atom by nitrogen (NH) ones to both increase the surface oleophobicity while keeping the fiber structures was extremely good.

Conclusions

Here, in the aim to obtain nanofibers, we have developed original of EDOP and ProDOP monomers by grafting fluorinated chains onto the alkylenedioxy cycle, keeping NH groups free. After electropolymerization, superhydrophobic and highly oleophobic properties were obtained. We showed that the fluorinated chain length has a significant influence on the surface morphology. The highest hydrophobic and oleophobic properties (increase of 60° in contact angle for all the tested liquids: water, diiodomethane and hexadecane) in comparison with smooth polymer surfaces) were obtained with the shortest fluorinated chains (C4F9) due to the presence of nanofibers. Moreover, control over the dimension of the nanofibers was demonstrated by changing the monomer (EDOP or ProDOP). For internal use, please do not delete. Submitted_Manuscript Compared with previous works, we also showed that the central atom (S or NH) had not a high influence on the surface morphology but the highly polar NH groups led to higher oleophobicity.
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These key results are highly interesting for researchers working in many fields including control of wetting properties, but also in conducting polymers and the control of the surface morphology could have many implications for the design of sensors/biosensors or membranes. In the field of conducting polymers, EDOT and ProDOT being actually the most employed monomers to obtain conducting polymers the fact that we show that EDOP and ProDOP derivatives have similar electropolymerization properties is extremely important for the scientific community. Moreover, the possibility to substitute also on the NH groups will be used in the future to obtain multifunctional polymers. The NH groups will also be used to obtain pH-sensitive polymers.

Experimental Section

The synthetic pathway in given in Scheme 2. All chemical products were purchased from Sigma Aldrich. First, the intermediate 1 was synthesized in four steps from iminodiacetic acid using a strategy reported by Merz et al. [33] All the characterization spectra are given in the Supporting Information.

15 g of 1 (0.045 mol, 1 eq.), 6.2 g of epibromohydrin (0.045 mol, 1 eq.) and 35 g of K2CO3 (0.25 mol, 5.6 eq.) were added to 350 mL of absolute N,N-dimethylformamide (DMF). The mixture was stirred for 24 h at 100°C. Then, water was added and the product was extracted with ethyl acetate. After drying over MgSO4 and solvent evaporation, the two isomers (EDOP1 and ProDOP1) were easily separated by chromatographic column using silica gel as stationary phase and diethyl ether as eluent.

The global yield of the reaction was 50% while the individual yields were around 60% (EDOP1) and 40% (ProDOP1).

diethyl 6-benzyl-2-(hydroxymethyl)-3,6-dihydro-2H-[1,4]dioxino[2,3c]pyrrole-5,7-dicarboxylate (EDOP1).

Scheme 2. Synthetic pathway to the monomers.

Liquid; δH(200 MHz, CDCl3): 7.24 (m, 3H), 

diethyl 7-benzyl-3-hydroxy-2,3,4,7-tetrahydro-[1,4]dioxepino[2,3c]pyrrole-6,8-dicarboxylate (ProDOP1).

Crystalline solid; δH(200 MHz, CDCl3): 7.21 (m, 3H), 6.96 (m, 2H), 5.93 (s, 2H), 4.20 (m, 9H), 1.27 (t, J = 7.1 Hz, 6H). δC(50 MHz, CDCl3): 160. 29, 142.23, 138.83, 128.34, 126.90, 125.99, 114.10, 75.30, 70.45, 60.72, 48.81, 14.16. For the debenzylation, 5.1 g of EDOP1 or ProDOP1 (0.013 mol, 1 eq.), 1 mL of H2SO4 (0.019 mol, 1.5 eq.) and 3.2 mL of anisole (0.029 mol, 2.2 eq.) were added to 35 mL of trifluoroacetic acid. The mixture was stirred for 1 h at 90°C. Then, the solution was added to an aqueous solution of NaHCO3. The product was then extracted with diethyl ether. Here, it was preferable to avoid any further purification by chromatographic column because we observed that some of the ester groups were already hydrolyzed, and since the next step of the synthetic scheme was their hydrolysis we wanted to avoid any unnecessary loss of hydrolyzed products.

For the saponification, 4.0 g of EDOP2 or ProDOP2 (0.013 mol, 1 eq.) was added to 30 mL of NaOH (2M) (0.060 mol, 4.6 eq.) containing 15 mL of ethanol. The mixture was stirred for 24 h at 100°C. Then, the solvent was evaporated. 20 mL of water was added as well as 10 mL of methanol in order to help to dissolve the product. Then, HCl was added until the pH reached 2-3. The solvent was then quickly evaporated and the product was dried in an oven to 100-120°C.

For the decarboxylation, 30 mL of triethanolamine was heated at 200°C. Then, EDOP3 or ProDOP3 was added. When the CO2 release ceased (about 20-30 s), the heating was quickly stopped and the solution was stirred at room temperature for 10 min. The solution was then added to an aqueous solution of NaCl. The product was extracted many times with ethyl acetate. For this step, at least 10 extractions were needed, as it was very difficult to fully extract the product (both the aqueous and organic phases had to be controlled with ninhydrin to ensure that all the product passed through the organic phase). After extraction, the product was purified by column chromatography using diethyl ether as eluent.

Here, it was extremely important to add 10% of triethylamine in the silica gel and in the eluent because the product was extremely sensitive to the silica gel.

(3,6-dihydro-2H-[1,4]dioxino[2,3-c]pyrrol-2-yl)methanol (EDOP-OH).

Yield 25%; crystalline solid; mp = 91.4°C; δH(200 MHz, CD3OD): 6.08 (m, 2H), 4.15 (dd, J = 10.9 Hz, J = 1.7 Hz, 1H), 4.07 (m, 1H), 3.94 (dd, J = 10.9 Hz, J = 7.1 Hz, 1H),3.72 (m, 2H); δC(50 MHz, CD3OD): 133.25, 133.20, 99.00, 98.84, 76.39, 68.09, 62.09; MS (70 eV): m/z 155 (M + , 100), 99 (C4H5NO2 +• , 90). To graft fluorinated chains, 1.2 eq. of the corresponding fluorinated acid, 0.31 g of N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (EDC) (0.0015 mol, 1.2 eq.) and 20 mg of N,N-dimethylaminopyridine (DMAP) were added to 20 mL of absolute dichloromethane. After stirring for 30 min at room temperature, the mixture was added to 20 mL of absolute acetonitrile containing 0.2 g of EDOP-OH or ProDOP-OH (0.0013 mol, 1 eq.). The mixture was stirred for 24 h at room temperature and purified by column chromatography using tetrahydrofuran/petroleum ether 60:40 as eluent. Here, it was also extremely important to add 10% of triethylamine in the silica gel and in the eluent because of the product sensitivity.

2,3,4,7-tetrahydro-[1,4]dioxepino[2,3-c]pyrrol-3-ol (ProDOP-OH).

(3,6-dihydro-2H- [1,4] 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 the reference electrode. For the working electrode, a platinum tip was first used in order to study the electrochemical performances of resulting conducting polymer films. 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.

2,3,4,7-tetrahydro-[1,4]dioxepino[2,3-c]pyrrol-3-yl

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 tensions were used to determine the surface hydrophobicity and oleophobicity: water (L =72.8 mN m -1 ), diiodomethane (L = 50.0 mN m -1 ), and hexadecane (L = 27.6 mN m -1 ). The dynamic contact angles were determined using the tilted-drop method. In this method, a 6 L droplet is placed on the surface and the surface is inclined until the droplet moves. The advanced (adv) and receding (rec) contact angles are taken as the angles observed just before the droplet moves, and the hysteresis (H) is calculated using these values: H = adv -rec. The maximum inclination angle observed is called sliding angle ().

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. NMR spectra were done using a AVANCE 200 MHz for the hydrogen and carbon core and 50 MHz for the Fluor core instrument from Burker and the mass analysis were done using a ThermoQuest AUTOMASS III Multi GC from Thermo Fisher Scientific.

Scheme 1 .

 1 Scheme 1. Monomers used in this work.

Figure 1 .

 1 Figure 1. Cyclic voltammogram (10 scans) of the monomers (0.01 M) in the presence of Bu4NClO4 (0.1 M) / anhydrous acetonitrile; scan rate: 20 mV s -1 .

Figure 2 .

 2 Figure 2. SEM images of the different PEDOP polymers; deposition charge: 400 mC cm -2 .

Figure 3 .

 3 Figure 3. SEM images of the different PProDOP polymers; deposition charge: 400 mC cm -2 .

Figure 4 .

 4 Figure 4. Static water contact angles for the different polymers and as a function of the deposition charge (mC cm -2 ).

Figure 5 .

 5 Figure 5. Influence of the central atom (S or NH) on the surface morphology of conducting polymers with C4F9 chains.

  Yield 25%; crystalline solid; mp = 140.2°C; δH(200 MHz, CD3OD): 6.21 (s, 2H), 3.92 (m, 5H); δC(50 MHz, CD3OD): 140.06, 103.91, 76.84, 72.34; MS (70 eV): m/z 155 (M + , 100), 99 (C4H5NO2 +• , 25).

  crystalline solid; mp = 96.6°C; δH(200 MHz, CDCl3): 7.10 (s, 1H), 6.21 (m, 2H), 4.37 (m, 3H), 4.21 (m, 1H), 4.02 (m, 1H), 2.71 (t, J = 7.6 Hz, 2H), 2.48 (tt, J = 19.0 Hz, J = 7.6 Hz, 2H); δF(188 MHz, CDCl3): -80.78 (m, 3H), -114.78 (m, 2H), -121.93 (m, 6H), -122.79 (m, 2H), -123.51 (m, 2H), -126.15 (m, 2H); δC(50 MHz, CDCl3): 170.86, 132.07, 131.75, 98.71, 98.54, 71.95, 66.41, 63.37, 26.44 (J = 20.6 Hz), 25.33 (J = 4.7 Hz); MS (70 eV): m/z 629 (M + , 61), 475 (C11H4F17O +• , 10), 137 (C7H7NO2 + , 100). crystalline solid; mp = 118.1°C; δH(200 MHz, CDCl3): 7.24 (s, 1H), 6.32 (d, J = 3.3 Hz, 2H), 5.21 (m, 1H), 4.25 (dd, J = 12.5 Hz, J = 4.8 Hz, 2H), 4.06 (dd, J = 12.5 Hz, J = 2.5 Hz, 2H), 2.77 (t, J = 7.7 Hz, 2H), 2.51 (tt, J = 19.5 Hz, J = 7.7 Hz, 2H); δF(188 MHz, CDCl3): -80.04 (m, 3H), -114.96 (m, 2H), -124.46 (m, 2H), -126.06 (m, 2H); δC(50 MHz, CDCl3): 170.54, 138.77, 103.20, 73.69, 72.37, 26.37 (J = 22.6 Hz), 25.55 (J = 3.8 Hz); MS (70 eV): m/z 429 (M + , 100), 275 (C9H4F13O +• , 10), 137 (C7H7NO2 + , 100). crystalline solid; mp = 110.6°C; δH(200 MHz, CDCl3): 7.18 (s, 1H), 6.32 (d, J = 3.3 Hz, 2H), 5.21 (m, 1H), 4.26 (dd, J = 12.5 Hz, J = 4.8 Hz, 2H), 4.05 (dd, J = 12.5 Hz, J = 2.5 Hz, 2H), 2.77 (t, J = 7.7 Hz, 2H), 2.51 (tt, J = 18.5 Hz, J = 7.7 Hz, 2H); δF(188 MHz, CDCl3): -80.81 (m, 3H), -114.79 (m, 2H), -121.99 (m, 2H), -122.95 (m, 2H), -123.55 (m, 2H), -126.20 (m, δC(50 MHz, CDCl3): 170.54, 138.79, 103.20, 73.69, 72.38, 26.47 (J = 22.4 Hz), 25.58 (J = 4.0 Hz); MS (70 eV): m/z 529 (M + , 72), 375 (C9H4F13O +• , 10), 137 (C7H7NO2 + , 100).

  crystalline solid; mp = 126.8°C; δH(200 MHz, CDCl3): 7.21 (s, 1H), 6.32 (d, J = 3.3 Hz, 2H), 5.21 (m, 1H), 4.26 (dd, J = 12.7 Hz, J = 4.8 Hz, 2H), 4.05 (dd, J = 12.7 Hz, J = 2.5 Hz, 2H), 2.77 (t, J = 7.9 Hz, 2H), 2.51 (tt, J = 18.3 Hz, J = 7.9 Hz, 2H); δF(188 MHz, CDCl3): -80.79 (m, 3H), -114.74 (m, 2H), -121.92 (m, 6H), -122.76 (m, 2H), -123.50 (m, 2H), -126.18 (m, 2H); δC(50 MHz, CDCl3): 170.55, 138.80, 103.20, 73.69, 72.38, 26.47 (J = 23.2 Hz), 25.59 (J = 3.5 Hz); MS (70 eV): m/z 629 (M + , 55), 475 (C9H4F13O +• , 6), 137 (C7H7NO2 + , 100).

Table 1 .

 1 Wettability and roughness parameters for the smooth polymer (Qs = 1 mC cm²).

Table 2 .

 2 Influence of the central atom (S or NH) on the surface morphology and wetting properties.

dioxino[2,3-c]pyrrol-2-yl)methyl 4,4,5,5,6,6,7,7,7-nonafluoroheptanoate (EDOP-F4).

  

	Yield 38%; crystalline solid; mp = 65.9°C; δH(200 MHz, CDCl3): 7.10 (s,
	1H), 6.21 (m, 2H), 4.37 (m, 3H), 4.21 (m, 1H), 4.03 (m, 1H), 2.71 (t, J =
	8.0 Hz, 2H), 2.48 (tt, J = 18.9 Hz, J = 8.0 Hz, 2H); δF(188 MHz, CDCl3): -
	81.05 (m, 3H), -114.98 (m, 2H), -124.48 (m, 2H), -126.08 (m, 2H); δC(50
	MHz, CDCl3): 170.84, 132.07, 131.74, 98.71, 98.54, 71.95, 66.41, 63.37,
	26.34 (J = 22.6 Hz), 25.31 (J = 4.4 Hz); MS (70 eV): m/z 429 (M + , 100),
	275 (C7H4F9O +• , 10), 137 (C7H7NO2 + , 100).
	(3,

6-dihydro-2H-[1,4]dioxino[2,3-c]pyrrol-2-yl)methyl 4,4,5,5,6,6,7,7,8,8,9,9,9-tridecafluorononanoate (EDOP-F6).

  

	Yield 66%; crystalline solid; mp = 78.2°C; δH(200 MHz, CDCl3): 7.10 (s,
	1H), 6.21 (m, 2H), 4.37 (m, 3H), 4.21 (m, 1H), 4.04 (m, 1H), 2.71 (t, J =
	7.8 Hz, 2H), 2.50 (tt, J = 19.0 Hz, J = 7.8 Hz, 2H); δF(188 MHz, CDCl3): -
	80.81 (m, 3H), -114.79 (m, 2H), -121.96 (m, 2H), -122.90 (m, 2H), -
	123.51 (m, 2H), -126.17 (m, 2H); δC(50 MHz, CDCl3): 170.86, 132.07,
	131.75, 98.71, 98.54, 71.95, 66.41, 63.37, 26.43 (J = 22.2 Hz), 25.33 (J =
	4.1 Hz); MS (70 eV): m/z 529 (M + , 80), 375 (C9H4F13O +• , 16), 137
	(C7H7NO2 + , 100).
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