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Platinum nanoparticles supported on a carbon support (Pt-NPs/C) were synthesized by a polyol method and modified by grafting of different non-fluorinated and fluorinated proton conducting polymers. In the case of fluorinated polymers, the sulfonyl functions were attached either directly or through spacers (-O-PSA and -S-PSA) to the tetrafuorovynilic groups.

Results in three-electrode electrochemical cell showed that the nature and structure of the grafted proton conducting polymer influenced mass transport in the catalytic film towards the oxygen reduction active sites, the limiting current density in the catalytic film decreasing from ca. 97 mA cm -2 for Pt-NPs/C to ca. 80 mA cm -2 for Pt-NPs-(PSSA)/C and less than 60 mA cm - 2 for Pt-NPs-(PTFV-O-PSA)/C and Pt-NPs-(PTFV-S-PSA)/C. This influence was directly linked to the hydrophobic character of the polymers. The importance of the spacer on the electrochemically active surface area (ECSA), kinetic current density (j k ) and mass activity (MA) at 0.9 V was pointed out. The j k at 0.9 V vs. RHE increased from 2.8 mA cm -2 to 3.6 mA cm -2 for the nanocomposite catalysts without spacer and with a -O-PSA spacer, respectively. However, the best performance was obtained with Pt-NPs-(PSSA)/C with j k = 8.6 mA cm -2 (Pt-NPs/C leading to 4.6 mA cm -2 ). Fuel cell tests also showed the influence of the grafted polymer on the water management in cathodes. Maximum power density of ca. 1 W cm -2 at ca.

A cm -2 was obtained with a Pt-NPS-(Nafion)/C cathode and a

Pt-NPs-(PSSA)/C cathode without Nafion, and ca. 0.85 W cm -2 with a Pt-NPs-(PTFV-O-PSA)/C cathode. Durability under fuel cell working conditions revealed that the presence of the grafted conducting polymers in the cathode catalytic layer led to comparable electrical performances, but to better stabilities of the fuel cell performances than in the case of a classical Pt-NPs-(25 wt% Nafion)/C cathode: the potential losses at 38 °C were two and four times lower with a Pt-NPs-(PTFV-O-PSA)/C (16 µV h -1 ) cathode than with a Pt-NPs-(PSSA)/C (40 µV h -1 ) and a Pt-NPs-(Nafion)/C (80 µV h -1 ) cathodes, respectively. At 60 °C, the potential loss with a Pt-NPs-(PTFV-O-PSA)/C cathode remained twice lower than with a Pt-NPs-(Nafion)/C cathode.

Introduction

Proton Exchange Fuel cell (PEMFC) is considered as a very promising energy supply technology for automotive and stationary applications. The system is based on the oxidation of hydrogen at the anode forming protons and producing electrons, and on the reduction of oxygen at the cathode in presence of electron coming from the anode through the external electric circuit and protons crossing the solid membrane electrolyte. In such systems, the hydrogen oxidation reaction (HOR) is very rapid, and therefore not limiting, whereas the oxygen reduction reaction (ORR) occurs with very slow kinetics [START_REF] Gasteiger | Activity benchmarks and requirements for Pt, Pt-alloy, and non-Pt oxygen reduction catalysts for PEMFCs[END_REF][START_REF] Kadjo | Improvement of proton exchange membrane fuel cell electrical performance by optimization of operating parameters and electrodes preparation[END_REF] . In order to overcome this issue, PEMFC cathodes are generally loaded with high amount of platinum-based catalysts.

Different approaches were proposed to decrease the amount of precious metals in electrodes, such as synthesis of binary or ternary alloys [START_REF] Toda | Enhancement of the Electroreduction of Oxygen on Pt Alloys with Fe, Ni, and Co[END_REF][START_REF] Yu | Size and composition distribution dynamics of alloy nanoparticle electrocatalysts probed by anomalous small angle X-ray scattering (ASAXS)[END_REF][START_REF] Wang | Synthesis of homogeneous Pt-bimetallic nanoprticles as highly efficient electrocatalysts[END_REF][START_REF] Lankiang | Electrocatalytic behavior towards oxygen reduction reaction of carbon-supported Pt x M y Au z (M = Ni, Cu, Co) binary and ternary catalysts[END_REF] , core-shell structures [START_REF] Wu | High performance core shell PdPt@Pt/C catalysts via decorating PdPt alloy cores with Pt[END_REF]8,[START_REF] Oezaslan | Pt-Based Core-Shell Catalyst Architectures for Oxygen Fuel Cell Electrodes[END_REF] , shaped nanoparticles [START_REF] Inaba | Controlled growth and shape formation of platinum nanoparticles and their electrochemical properties[END_REF][START_REF] Solla-Gullon | Electrocatalysis on shape-controlled Pt Nanoparticles[END_REF][START_REF] Cui | Compositional segregation in shaped Pt alloy nanoparticles and their structural behaviour during electrocatalysis[END_REF] , hollow nanoparticles [START_REF] Dubau | Beyond conventional electrocatalysts: Hollow nanoparticles for improved and sustainable oxygen reduction reaction activity[END_REF][START_REF] Dubau | Tuning the performance of hollow nanostructures for the oxygen reduction reaction[END_REF] , etc. An alternative strategy consists in improving active surface sites by increasing the quality and quantity of three-phase boundaries in electrodes [START_REF] Gode | Influence of the composition on the structure and electrochemical characteristics of the PEFC cathode[END_REF][START_REF] Zhang | Effect and siting of Nafion® in a Pt/C p o o xcha g m mb a fu l c ll ca aly[END_REF] . A three-phase boundary (TPB) represents a spatial site were the ion conductive material, the electron conductive material and the reactant are confined together on the catalytic site, allowing the catalytic reaction [START_REF] O'hayre | The triple phase boundary, a mathematical model and experimental investigations for fuel cells[END_REF][START_REF] Berg | Analysis of a cathode catalyst layer model for a polymer electrolyte fuel cell[END_REF] . Currently, the TPBs are created by mechanically mixing the catalytic powder, typically platinum nanoparticles supported on a carbon black powder (Pt-NPs/C) with an ionomer (typically Nafion) in a dispersant (typically a water/alcohol mixture). The catalytic ink is then dispensed either on the gas diffusion electrode or on the solid membrane electrolyte and the Nafion is recast during drying. Although the implementation of this methods for the formation of TPBs reduced the Pt loading in electrodes [START_REF] Lee | Effects of Nafion impregnation on performances of PEMFC electrodes[END_REF][START_REF] Costamagna | Quantum jumps in the PEMFC science and technology from the 1960s to the year 2000: Part I. Fundamental scientific aspects[END_REF] , it has been estimated that only 20 to 40 % of the full potential activity was achieved [START_REF] Eikerling | Can theory improve fuel cells?[END_REF][START_REF] Xia | Effectiveness factor of Pt utilization in cathode ca aly lay of polym l c oly fu l c ll[END_REF][START_REF] Sasikumar | Dependence of optimum Nafion content in catalyst layer on platinum loading[END_REF] , and that part of this low effectiveness was due to the low Pt utilization generally in the range of 40 -60 % [START_REF] Xia | Effectiveness factor of Pt utilization in cathode ca aly lay of polym l c oly fu l c ll[END_REF] .

To overcome this limitation, we have recently proposed to create the TPBs at the molecular level by grafting a proton conductive polymer directly on the Pt-NPs 24,[START_REF] Ferrandez | Chemical Functionalization of Carbon Supported Metal Nanoparticles by Ionic Conductive Polymer a h "G af g F om" M hod[END_REF] . Indeed, the possibility of creating iono-covalent bond between a metallic surface and a molecule bearing a thiol function or a disulfide molecule is very well documented [START_REF] Giersig | Preparation of ordered colloid monolayers by electrophoretic d po o[END_REF][START_REF] Heinz | Molecular orientation in organic monolayers probed by UPS and MIES (metastable induced electron spectroscopy)[END_REF][START_REF] Laiho | XPS study of irradiation damage and different metalsulfur bonds in dodecanethiol monolayers on gold and platinum surfaces[END_REF][START_REF] Raynal | Characterization of the unstability of 4-mercaptoaniline capped platinum nanoparticles solution by combining LB technique and X-ay pho o l c o p c o copy[END_REF] . In the present case, the symmetrical molecular structure of the disulfide polymers should lead to the grafting of two chains on one Pt-NP surface (Pt-S-polymer), as we showed in a previous work that the postg af g of d ulf d mol cul d d ' occu o h ca bo uppo , o ly o P u fac . 24 Carbon supported Pt-NPs modified by the polystyrene sulfonic acid (Pt-NPs-(PSSA)/C) displayed higher active surface area and activity than the Pt-NPs/C catalyst, in both threeelectrochemical cell and real fuel cell configurations [START_REF] Ba A O | Fluorine-Free Pt Nanocomposites for Three-Phase Interfaces in Fuel Cell Electrodes[END_REF] . In the present paper, we investigated the effects on the electrocatalytic activity and selectivity for the ORR of the nature and structure of the grafted polymers, and of the functional groups introduced. For this purpose, different PSSA-based polymers were synthesized and grafted on Pt-NPs: polystyrenesulfonic acid {PSSA}, poly(2,3,5,6-tetrafluorostyrene sulfonic acid) {PTFSSA}, poly (3-(2,3,5,6-tetrafluoro-4-vinylthiophenol)propane-1-sulfonic acid) {PTFV-S-PSA} and poly (3-(2,3,5,6-tetrafluoro-4-vinylphenoxy)propane-1-sulfonic acid) {PTFV-O-PSA}. The introduction of fluorostyrene groups is expected to change the hydrophilic/hydrophobic character of the organic crown, whereas the introduction of a spacer between the tetrafluorostyrene goup and the sulfonic acid group is expected to affect the ionic conductivity. The electrocatalytic behavior of the different nano-composite materials has been evaluated and compared in classical three-electrode cell as well as under real fuel cell working conditions.

Experimental

Synthesis of Pt-NPs/C. The carbon supported platinum nanoparticles were prepared using a microwave-assisted polyol method [START_REF] Ba A O | Fluorine-Free Pt Nanocomposites for Three-Phase Interfaces in Fuel Cell Electrodes[END_REF] . A first solution was prepared by dissolving 265.0 mg of hexahydrated hexachloroplatinic acid (H 2 PtCl 6 .6H 2 O, 99.9% purity from Alfa Aesar) in 100 mL ethylene glycol (puriss. p.a., 99.5% Fluka). A second solution was prepared by dissolving 4.0 g of NaOH ( ag g ad ≥ 98 %, S gma Ald ch) in 100 mL ethylene glycol to reach a concentration of 1.0 mol L -1 . The pH of the first solution was adjusted to 11 by adding dropewise the second solution. Vulcan XC 72 carbon powder (150 mg) thermally treated 4 h under N 2 -atmosphere was then added and the mixture was homogenized in an ultrasonic bath.

The reaction balloon was put in a microwave oven (MARS 5 from CEM Corp.) for ca. 2 min under continuous microwave irradiation at 1600 W until reaching 100 °C; then microwave pulses were applied for 5 min to maintain the reactor temperature at 100 °C. After the reduction reaction of Pt salt has occurred, the pH of the solution was decreased down to 2 by addition of HCl (ACS reagent, 37 % fuming, Sigma Aldrich). After dilution with 50 mL of ultrapure water (Millipore, Milli-Q, 18.2 MΩ cm), the mixture was homogenized for 5 min in an ultrasonic bath. The catalytic powder was filtered. The solid recovered was abundantly washed with ultrapure water and dried overnight at 60 °C. A heat treatment for 2 h at 200 °C in air was applied to the catalytic powder in order to remove remaining adsorbed organics from the synthesis.

Syntheses and characterization of disulfide polymers. The syntheses and characterization

of the precursors and of the different disulfide polymers used for the grafting of the Pt-NPs [START_REF] Buvat | Method for preparing proton conducting particles capable of catalyzing the reduction of oxygen or the oxidation of hydrogen by grafting proton-conducting polymers to the surface of the particles[END_REF][START_REF] Buvat | Procédé de préparation de particules aptes à ca aly la duc o d l'oxygè ou l'oxyda o d l'hyd ogè co duc c de protons par greffage à leur surface de polymères conducteurs de protons spécifiques[END_REF] are explained in the supporting information (SI 1). Fig. 1 shows the structure of each polymer.

Grafting of the disulfide polymers on the carbon supported Pt-NPs. For the grafting step, Pt-NP/C and hexylamine were mixed and stirred to obtain a stable suspension. A second solution of disulfide polymer in water/hexylamine (50/50 v/v) was prepared. The second solution was added dropwise to the first one under stirring, and the reaction was allowed to ak plac fo 12-15 h a d to rest without stirring for ca. 30 min. The amount of polymer was appropriate to obtain a grafting density of 2.82 10 -7 mol polym g Pt -1 (The grafting density of polymers on Pt-NPs has been verified by elemental analysis [START_REF] Ba A O | Fluorine-Free Pt Nanocomposites for Three-Phase Interfaces in Fuel Cell Electrodes[END_REF] ). The mixture was then filtered and the modified Pt-NP-(polymer)/C powders were washed successively with acetone (3 × 30 mL), ethanol (3 × 30 mL), and Milli-Q water (3 × 30 mL) to remove hexylamine and polymer chains that did not graft on platinum nanoparticles. The modified catalytic powder was then dried overnight at 60 °C.

Physicochemical characterizations.

The metal and polymer loadings in the catalytic powders were determined by thermogravimetric analyses (TGA) using a DTA Instruments Q600 thermobalance. The samples were heated from 25 to 800 °C at 10 °C min -1 under an air flow of 100 mL min -1 . The mean particle size and the particle size distribution were determined by transmission electron microscopy (TEM) using a JEOL JEM 2010 HR instrument with a resolution of 0.19 nm, based on the counting of 200 nanoparticles (using the ImageJ free software [START_REF] Rasband | [END_REF] ).

Electrochemical measurements.

A home-made thermostated three-electrode electrochemical glass cell was equipped with a reversible hydrogen electrode (RHE) as reference and a glassy- =1.5 ) were humidified at room temperature.

carbon

Results and discussion

Synthesis of nanocomposite catalysts

The synthesis and characterization of PSSNa was previously discussed elsewhere [START_REF] Ba A O | Fluorine-Free Pt Nanocomposites for Three-Phase Interfaces in Fuel Cell Electrodes[END_REF] (SI 2). In the case of PTFSSNa and PTFV-S-PSNa, the starting material was the poly(2,3,4,5,6pentafluorostyrene), the synthesis and the characterization of which is described in SI 3. The 1.

The polymerization reactions involving the functionalized tetrafluorostyrene monomers led always to slightly lower conversion rates than that of sytrenesulfonate monomers, which could be explained by the bigger molar weights (almost twice higher) of the polymers prepared with the functionalized tetrafluorostyrene monomers than that prepared from the styrene sulfonate monomers. Moreover, the polymolecularity indexes were higher for polymers prepared with the functionalized tetrafluorostyrene monomers than that prepared from the styrene sulfonate monomers, indicating wider chain length distributions in the former cases compared to PSSNa. However, the chain length distributions remained relatively narrow in all cases.

Ex-situ physical characterization of nanocomposite catalysts

After synthesis of the nanocomposite catalysts, the physical characterizations were carried out by TEM and TGA. Transmission electron images were taken to evaluate the morphology of the catalytic powders and the Pt-NPs mean size. material [START_REF] Sellin | A thermogravimetric analysis/mass spectroscopy study of the thermal and chemical stability of carbon in the Pt/C catalytic system[END_REF] , with a single peak in the curve of the mass derivative vs T centered at ca. 385 °C corresponding to a single mass loss process (carbon support combustion). In the case of Pt-NPs-(PSSNa)/C (grey lines), the curve of the mass loss derivative vs T displays two peaks, the first one centered at ca. 257 °C and the second one at ca. 415 °C, corresponding to two mass loss processes. The peak centered at ca. 257 °C corresponds to the desulfonation of the polymer and that at ca. 415 °C is attributed to the combustion of carbonaceous species. For temperatures higher than 450 °C, Pt is the only remaining material, allowing a direct assessment of the metal loading. chains are grafted on one Pt NP, owing to the symmetrical disulfide structure of the initial polymers).

Electrochemical characterization of nanocomposite catalysts

The electrochemical characterization was employed to assess the electrochemically active The activity and selectivity of the catalysts towards oxygen reduction was evaluated using the rotating disc electrode (RDE) technique. The hydrodynamic polarization curves recorded on all catalysts for different electrode rotation rates are presented in Supporting Information together with the 1/j vs. 1/ 1/2 curves at different electrode potentials (Koutecky-Levich straight lines) calculated from these hydrodynamic polarization curves (SI 10). Each hydrodynamic polarization curve was performed under quasi-stationary conditions [START_REF] Yano | Particle-size effect of Pt cathode catalysts on durability in fuel cells[END_REF] with negative-going potential scan to avoid an overestimation of the catalytic activity due to the reduction of H 2 O 2 formed at low electrode potentials (see RRDE measurements in Table 3).

From the Koutecky-Levich straight lines, the exchange current density, the limiting current density in the catalytic film (mass transport and adsorption), the Tafel slope and the kinetic current density @ 0.9 V could be estimated using a generalized Koutecky-Levich equation (eqn. ( 1)) for all catalysts [START_REF] Coutanceau | Electrocatalytic reduction of dioxygen at platinum particles dispersed in a polyaniline film Electrochim[END_REF][START_REF] Grolleau | Effect of potential cycling on structure and activity of Pt nanoparticles dispersed on different carbon supports[END_REF][START_REF] Lankiang | Oxygen reduction reaction at binary and ternary nanocatalysts based on Pt, Pd and Au[END_REF] .
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where j is the current density at a given electrode potential E, j e is the current density resulting from processes occurring at the electrode and the limiting current density of oxygen diffusion in the electrolyte (j l
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) is expressed using the Levich equation (SI 9).

The mathematical treatment of the generalized Koutecky-Levich equation is given in SI 9.

Fig. 6 presents the kinetics current (j k ) as a function of electrode potential for all catalysts.

Kinetics data are given in Table 3. The values obtained of 0.058 mA cm Pt -2 for the surface activity @ 0.9 V cs. RHE is of the same order than that obtained by other authors on commercial on Pt-NPs/C (0.040 mA cm Pt -2 @ 0.8 V vs. RHE) [START_REF] Sakthivel | An extensive study about influence of the carbon support morphology on Pt activity and stability for oxygen reduction reaction[END_REF] . The same trend as for the ECSA is observed for the electrocatalytic activity towards the ORR in terms of j k (kinetic current density @ 0.9 V expressed with respect to the geometric surface area of the electrode), j k cata (kinetic current density @ 0.9 V expressed with respect to the real surface area of platinum), and MA (specific current density with respect to the mass of platinum), with Tafel slope values ranging from 65 mV dec -1 to 74 mV dec -1 . The presence of a grafted polymer on Rotating ring-disc electrode (RRDE) was used to evaluate the production of hydrogen peroxide for the different materials. The maximum ratios of H 2 O 2 formed at 0.3 V vs RHE are given in Table 3. For all catalysts, no H 2 O 2 oxidation current could be detected at the ring electrode for potentials higher than 0.75 V vs RHE. The formation of 5 % H 2 O 2 at 0. 

Fuel cell measurements

At last, the performances of promising catalysts were evaluated and compared under real fuel cell working conditions. Fuel cell measurements were performed with the different MEAs fitted with 0.4 mg Pt cm -2 cathodes and 0.2 mg Pt cm -2 anodes. In the case of Pt-NPs-(PTFSSA)/C material, it was not possible to prepare homogeneous catalytic ink. Therefore, the electrode manufactured from this ink showed huge agglomerates of platinum (as evidenced by EDS microanalysis), with size reaching 100 μm (Fig. 7a). The inhomogeneity of the cathode and the high hydrophobicity of the catalytic material have led to very poor fuel cell performances with a maximum current density of 0.1 A cm -2 and fluctuant cell voltage. In contrary, the preparation of cathodes from Pt-NPs-(PTFV-S-PSA)/C and Pt-NPs-(PTFV-O-PSA)/C nanocomposites with a spacer between the sulfonic acid function and the tetrafluorophenyl group was very easy. Fig. 7b shows a typical scanning electron microscopy image obtained on such electrodes. Very homogeneous catalytic layers were obtained with a good porosity. In addition, very interesting fuel cell performances could be obtained with these cathodes.

The polarization curves, U cell (j), where U is the cell voltage and j the current density, and power density curves, P(j), were recorded under fuel cell working conditions at 60 °C (Fig. 8) TGAs were performed in air with a temperature variation rate of 10 °C min -1 . 

for

  sulfuration of the poly(2,3,4,5,6-pentafluorostyrene) consisted first in introducing a sulfur atom in the para position of the aromatic cycle leading to the formation of thiolate species (SI 4). PTFSSNa was obtained by oxidation using hydrogen peroxide of the thiolate functions into SO 3 Na sulfonate functions (SI 5). PTFV-S-PSNa was obtained from the previous thiolate molecule prepared as explained above. In this case, the functionalization consisted in a nucleophilic substitution reaction between the nucleophilic thiolate function and the electrophilic site of the 1,3-propanesulfone cycle, involving the opening of the cycle and the formation of the pendent three-carbon chain bearing the SO 3 Na group (SI 6). In the case of PTFV-O-PSA, the first step consisted in the introduction of hydroxyl functions in para position of the (2,3,4,5,6-pentafluorostyrene) molecules. The second step consisted in a nucleophilic substitution reaction between the nucleophilic hydroxyl function and the electrophilic site of the 1,3-propanesulfone cycle, involving the opening of the cycle and the formation of the pendent three-carbon chain bearing a SO 3 Na group (SI 7 and SI 8). The polymer characterization data are given in Table

  Fig.2ashows a representative TEM image of the Pt-NPs/C catalytic powder prepared by the microwave-assisted polyol method. Pt nanoparticles (black dots of few nanometers) are well disseminated over the carbon support (gray particles of several tenths nanometer), although a few agglomeration is visible. The histogram in Fig.2brepresents the size distribution obtained from the counting of 200 isolated Pt nanoparticles. The size distributions are presented using a class width of 0.5 nm (i.e. particles with a size from 2.25 nm excluded to 2.75 nm included are attributed to the 2.5 nm class, etc.). A narrow distribution has been obtained and a mean size of ca. 3.0 nm has been evaluated. Because Pt-NPs modified by PSSA, PTFSSA, PTFV-S-PSA, and PTFV-O-PSA derive from the same reproducible synthesis method, it is not expected that the mean size or size distribution was affected by the subsequent grafting of polymers. Figs.2c and2e show as examples representative TEM images of Pt-NPs-(PSSA)/C and Pt-NPs-(PTFV-S-PSA)/C catalytic powder, respectively. The histograms in Fig. 2d and 2f represent the size distribution obtained from the counting of 200 isolated particles for Pt-NPs-(PSSA)/C and Pt-NPs-(PTFV-S-PSA)/C catalysts, respectively. Same distributions as for Pt-NPs/C are obtained, which confirms the previous assumption (2.9 ± 0.9 nm for Pt-NPs/C, 3.0 ± 0.8 nm for Pt-NPs-(PSSA)/C and 2.9 ± 0.8 nm for Pt-NPs-( PTFV-S-PSA)/C). TGA measurements were performed to confirm the presence of the polymer crown around the nanoparticles. Fig. 3a compares the thermograms (mass loss with respect to the initial mass in %) and the mass loss derivative with respect to the temperature T obtained as a function of the temperature for Pt-NP/C and Pt-NPs-(PSSNa)/C (Pt-NPs functionalized by the sodium polystyrenesulfonate). The black lines are typical of measurements on a dry Pt-NP/C

  Fig. 3b compares the thermograms and the curves of the mass loss derivative with respect to the temperature T obtained as a function of the temperature for fluorinated materials, Pt-NPs-(PTFSSNa)/C and Pt-NPs-(PTFV-S-PSNa)/C. Both materials start to decompose between 150 °C and 300 °C. In the case of the Pt-NPs-(PTFV-S-PSNa)/C, with a 3-carbon pending chain, the decomposition corresponds to the degradation of the sodium sulfopropylate group, whereas in the case of Pt-NPs-(PTFSSNa)/C the decomposition corresponds to the desulfonation of the phenyl group. The combustion of the remaining polymer and of the carbon support occurs for higher temperatures. Crossing these data with those from elemental analysis reveals a good reliability on polymers and platinum loadings as determined by TGA. The curves of the mass loss derivatives with respect to temperature obtained for the three samples (Fig. 4) indicate that the fluorinated polymers are thermally less stable than the PSSNa. The desulfonation occurs at lower temperature for Pt-NPs-(PTFSSNa)/C (the peak being centered at ca. 200 °C) than for Pt-NPs-(PTFV-O-PSNa)/C (ca. 225 °C) and for Pt-NPs-(PSSNa)/C (ca. 257 °C). This could be due to the attractive effect of fluorine which tends to weaken the R-phenyl (R = S or O) bond, as well as the bond between the phenyl group and the polymer chain.

  surface area (ECSA) and the resulting catalytic activity of the nanocomposite catalysts. Cyclic voltammetry was used for the determination and comparison of the ECSA of the different catalysts. Fig. 5a compares the CV profiles of Pt-NPs-(Nafion)/C and Pt-NPs-(PSSA)/C, whereas Fig. 5b shows the CV recorded on the different Pt-NPs-(Polymer)/C nanocomposites.From these CV, the electroactive surface area (ECSA) was determined by integrating the hydrogen desorption region corrected from the double layer capacitive currents. Values of ECSA are given in table 2 for each catalyst. As observed in a previous work[START_REF] Ba A O | Fluorine-Free Pt Nanocomposites for Three-Phase Interfaces in Fuel Cell Electrodes[END_REF] , the modification of Pt by PSSA with a nominal degree of polymerization (DP n ) of 2500 and a grafting density (GD) of ca. 2.82 × 10 -7 mol PSSA g Pt -1 is beneficial for the ECSA, which increase from 80 m 2 g Pt -1 for Pt-NPs-(Nafion)/C catalyst up to 98 m 2 g Pt -1 for Pt-NPs-(PSSA)/C. Because the Pt nanoparticles and the Pt-NPs/C catalyst originate from the same synthesis method, the change in ECSA is not due to difference in their microstructures and/or morphologies. The higher surface area indicates a higher platinum utilization rate. The beneficial effect can be due to lower Pt surface coverage and contamination when modified by PSSA (the calculated number of feet per Pt Np is very low, e. g. 0.4 feet per Pt NP) than when impregnated by recast Nafion, which also is known to contain impurities[START_REF] Strmcnik | The effect of halide ion impurities and Naf o o l c oox da o of CO o pla um[END_REF][START_REF] Guilminot | Comparing the thin-film rotating disk electrode and the ultramicroelectrode with cavity techniques to study carbonsupported platinum for proton exchange membrane fuel cell applications[END_REF] . The modification of Pt-NPs by polymers bearing tetrafluorophenyl group, with DP n and GD close to those for PSSA, leads to a decrease of the active surface area of the catalysts (ECSA values of 71 m 2 g -1 , 68 m 2 g -1 and 66 m 2 g -1 , for Pt-NPs-(PTFV-S-PSA)/C, Pt-NPs-(PTFV-O-PSA)/C and Pt-NPs-(PTFSSNa)/C, respectively). For the same reasons as explained earlier, the decrease of the surface area indicates lower Pt utilization rate, the lower value of ECSA being reached with the Pt-NPs-(PTFSSNa)/C catalyst without 3-carbon spacer between the tetrafluorophenyl group and the sulfonic acid function. It is worth to note that the catalysts modified by grafting of polymers display lower charges for the Pt surface oxide reduction peak at ca. 0.75 V vs. RHE. This phenomenon appears more important in the case of fluorinated polymers than in the case of PSSA, and again is more pronounced for the Pt-NPs-(PTFSSNa)/C catalyst without 3-carbon spacer between the tetrafluorophenyl group and the sulfonic acid function. This behavior is explained in terms of limited water accessibility to the Pt surface. The limited accessibility of water to the Pt surface can be due either to the higher affinity of fluorinated polymers towards Pt and stacking (adsorption) of the fluorophenyl groups on the Pt surface, or to a higher hydrophobic character of the fluorinated polymers limiting water transport from the bulk electrolyte to the Pt-NP surface. Indeed, the presence of fluorine could make the polymer more hydrophobic, and the insertion of a spacer between the tetrafluorophenyl group and the sulfonic acid function could enhance the transport of water (increase of the Pt surface oxide reduction charge) and of protons (increase of ECSA) from the bulk electrolyte towards the Pt surface. Because in aqueous media protons are solvated by several water molecules, the hydrophobic character of the grafted polymers may also explain the higher resistance observed in the hydrogen adsorption/desorption region of the CVs, which indicates some limitations to the diffusion of proton in the organic crown. This is an important result which demonstrates that the electrochemical behavior of a Pt catalyst can be tuned by controlling the hydrophobic/hydrophilic character of the proton conductive polymer in electrodes.

Pt-NPs leads to a decrease of j lFilm,

  which could be due to limitations of oxygen and/or proton diffusion in the catalytic film towards the Pt sites, or to oxygen adsorption on modified nanoparticles. It is also interesting to note that Pt-NPs-(PTFV-S-PSA)/C and Pt-NPs-(PTFV-O-PSA)/C catalysts lead to very close electrocatalytic performances, which indicates that the heteroatoms linking the spacer to the phenyl group (O or S) has no significant effect on the electrochemical behavior. The lower performances in terms of activity are achieved with the Pt-NPs-(PTFSSA)/C catalyst for which the sulfonic acid function is directly bonded to the tetrafluorophenyl group, without spacer. Considering the lower ECSA for Pt-NPs-(PTFSSA)/C and the quasi invariance of j lFilm for all fluorinated nanocomposites, the important loss in activity of Pt-NPs-(PTFSSA)/C can be explained by the higher hydrophobic character of the grafted polymer, which limits the diffusion of proton rather than that of oxygen.

  3 V vs RHE at a Pt-NPs-(Nafion)/C electrode is consistent with previous results. It is worth to note that this ratio is the lowest for Pt-NPs-(PSSA)/C material. It slightly increases for Pt-NPs-(PTFV-S-PSA)/C and Pt-NPs-(PTFV-O-PSA)/C nanocomposites with a spacer between the sulfonic acid function and the tetrafluorophenyl group, and reaches its highest value for Pt-NPs-(PTFSSA)/C material without spacer. This behavior confirms the previous explanation invoking the hydrophobic character of the PTFSSA polymer limiting the proton accessibility towards the active sites.

  membrane electrodes assemblies (MEAs) fitted with a classical Pt-NPS-(Nafion)/C cathode as reference (solid line), a Pt-NPs-(PSSA)/C cathode (dash-dotted line) and a Pt-NPs-(PTFV-O-PSA)/C cathode (dotted line). Note that the MEA with Pt-NPS-(Nafion)/C cathode was manufactured by hot pressing of the electrodes against the Nafion 211 membrane, whereas those fabricated with Pt-NPs-(PSSA)/C and Pt-NPs-(PTFV-O-PSA)/C cathode did not contain any Nafion and were only mechanically pressed against the Nafion membrane during the assembling of the single fuel cell. For clarity reasons, the polarization and power density curves for the MEA fitted with a Pt-NPs-(PTFV-S-PSA)/C cathode is not reported because same results were obtained as for the MEA fitted with a Pt-NPs-(PTFV-O-PSA)/Ccathode. As expected from cyclic voltammetry and RDE results, the atom separating the spacer from the polymer skeleton has no effect on the performance of the MEAs under fuel cell working condition. Lower performances were obtained at high current densities with the MEA fitted with a Pt-NPs-(PTFV-O-PSA)/C cathode. These observations could be explained in terms of lower electroactive surface area, lower specific activity and higher limitation of reactant diffusion in the catalytic film of the nanocomposite catalysts modified with PTFV-O-PSA or PTFV-S-PSA, as determined from cyclic voltammetry and RDE measurements. But, the three assemblies led to similar performances for current densities lower than 1.0 A cm -2 , whereas the slope of the polarization curves in the 0.5 A cm -2 to 1.1 A cm -2 is higher for the MEA fitted with a Pt-NPs-(PTFV-O-PSA)/C cathode than for the two other MEAs, indicating higher cell resistance in the former case. On the other hand, in the polarization curves obtained with the MEAs fitted with Pt-NPS-(Nafion)/C and Pt-NPs-(PSSA)/C cathodes, an inflection point is visible at ca. 1.1 A cm -2 leading to more important slopes. This observation translates in the mass transport limitation and/or flooding of the electrode 42,43 . In the case of the MEA fitted with a Pt-NPs-(PTFV-O-PSA)/C cathode, no inflection point is visible on the polarization curve. Because according to the RDE measurements the limitation of reactant diffusion in the Pt-NPs-(PTFV-O-PSA)/C catalytic film is higher than those in the case of Pt-NPs-(Nafion)/C and Pt-NPs-(PSSA)/C catalytic films, this translate to a better water management at high current densities in the Pt-NPs-(PTFV-O-PSA)/C cathode. Durability tests were performed for 250 hours at two different temperatures, first at 38 °C and second at 60 °C, and 1.0 A cm -2 . Fig. 9 shows the variation of the cell voltages as a function of time. At 38 °C (Fig. 9a), the MEA with a Pt-NPs-(PTFV-O-PSA)/C cathode led to a higher cell voltage than those obtained with MEA fitted with Pt-NPs-(Nafion)/C and Pt-NPs-(PSSA)/C cathodes. The voltage loss of the MEA with a Pt-NPs-(PTFV-O-PSA)/C cathode wa ma d o b 16 μV h -1 , i.e twice and four times lower than those determined for MEAs with Pt-NPs-(PSSA)/C and Pt-NPs-(Nafion)/C cathodes, respectively. At 60 °C (Fig. 9b), the MEA with a Pt-NPs-(PTFV-O-PSA)/C cathode led to a lower cell voltage than those obtained with MEA fitted with Pt-NPs-(Nafion)/C and Pt-NPs-(PSSA)/C cathodes. This can be due to the increase of the resistance in the MEA fitted with a Pt-NPs-(PTFV-O-PSA)/C cathode which has shown better ability for the water removal from the active layer, leading to the drying of the membrane at high temperatures. The voltage loss at 60 °C are slightly higher than those at 38 °C. In this case, the MEA with a Pt-NPs-(PSSA)/C cathode led to lower cell ol ag lo (ca. 50 μV h -1 against ca. 100 µV h -1 for the MEA with a Pt-NPs-(Nafion)/C cathode). The MEA with a Pt-NPs-(PTFV-O-PSA)/C cathode led to slightly higher cell voltage loss (ca. 60 μV h -1 ) than the MEA with a Pt-NPs-(PSSA)/C cathode, which may be explained by the higher hydrophobicity and water repulsion capacity of the fluorinated polymer than those of the PSSA. As a consequence, at 60°C the ionomer PTFV-O-PSA and the Nafion membrane becomes less and less humidified than at 38°C. However, these experiments show the beneficial role of grafted PSSA and PTFV-O-PSA on the stability of cathode, and further on long term fuel cell performances. 4. Conclusion Supported Pt-NPs/C were grafted by different non-fluorinated and fluorinated proton conducting polymers. In the case of fluorinated polymers, the sulfonyl functions, which allow proton conduction, were attached either directly or through spacers (-O-PSA and -S-PSA) to the tetrafuorovynilic groups. It was shown that the nature and structure of the grafted proton conducting polymer influenced oxygen and proton transport towards the oxygen reduction active sites, and that this influence was directly linked to the hydrophobic character of the polymers. Particularly, the importance of the spacer was evidenced: both the Pt-NPs-(PTFV-O-PSA)/C and Pt-NPs-(PTFV-S-PSA)/C catalysts led to the same electrocatalytic behavior as determined in classical three-electrode set-up by cyclic voltammetry and RDE measurements, higher than those obtained with Pt-NPs-(PTFSSA)/C in terms of active surface area, kinetic current density and mass activity at 0.9 V, as well as in terms of limiting diffusion current density in the catalytic films. Fuel cell tests have also evidenced the influence of the grafted polymer on the water management in cathodes. Durability tests under fuel cell working conditions have also revealed very important results: the presence of the PSSA and PTFV-O-PSA conducting polymers in the cathode catalytic layer led to comparable electrical performances but to better stabilities of the fuel cell performances than in the case of a classical Pt-NPs-(25 wt% Nafion)/C cathode, the potential loss being at 38 °C twice and four times lower with a Pt-NPs-(PTFV-O-PSA)/C cathode than with a Pt-NPs-(PSSA)/C and a Pt-NPs-(Nafion)/C cathode, respectively. At 60 °C, the potential loss with a Pt-NPs-(PTFV-O-PSA)/C cathode remains twice lower than with a Pt-NPs-(Nafion)/C cathode. The present study opens a new research field for the synthesis and grafting of new class of polymer with variable hydrophobic characters, and further mass transport properties. For examples, the influence of the spacer length between the fluorinated polymer skeleton and the sulfonyl group should be important, the copolymerization of fluorinated and non-fluorinated monomers and the ratio between both monomers could allow controlling the hydrophobic character of the polymer, etc. The optimal degree of polymerization (DP n ) and grafting density for achieving the best fuel cell performances as possible likely depend on the polymer nature and structure, and the determination of the best configuration for Pt-NPs-(PSVF-O(S)-PSA)/C should be realized as it was previously done for Pt-NPs-(PSSA)/C. Moreover, only pure oxygen was used as an oxidant under fuel cell operations; the use of air and the comparison of results could bring additional evidences on the effect of materials on gas diffusivity. These works are currently under progress. 43. T. J. Mason, J. Millichamp, T. P. Neville, P. R. Shearing, S. Simons, D. J. L. Brett, A study of the effect of water management and electrode flooding on the dimensional change of polymer electrolyte fuel cells, J. Power Sources 242 (2013) 70-77.
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Table 1 . Nominal (theor.) and actual (exp.) values of the degree of polymerization (DP n ), conversion rate (conversion), molecular mass (M n and M w ), and polymerization index (I p ) of the different polymers synthesized by ATRP

 1 NMR measurements, b Steric exclusion chromatography in water, c Steric exclusion chromatography in THF. M n exp. of the poly(2,3,4,5,6-pentafluorostyrene) before functionalization; b M n exp. of the PTFSSA calculated assuming the functionalization of all phenyl groups by SO 3 H functions, M n exp. of the PTFSSA calculated assuming the functionalization of all phenyl groups by -S-CH 2 -CH 2 -SO 3 H groups.

	PSSNa PTFSSA PTFV-S-PSA PTFV-O-PSA	DP n theor. 2500 2500 2500 2500	M n theor. 515934 485709 485709 841059	Conversion (%) 67 54 54 63	a	DP n exp. 1675 1350 1350 1575	M n exp. 355600 306000 b c 306000 c 454200 b	M w exp. 433800 385600 b c 385600 c 622300 b	I p 1.22 1.26 1.26 1.37
	a 1 H								

a 

Table 2 . Experimental molecular mass M n exp. of the different polymers synthesized by ATRP, Pt and polymer loading loading in catalysts, grafting density and number of polymer feet per platinum nanoparticle.

 2 

		ECSA /m 2 g -1	j k /mA cm -2	j k cata /10 -2 mA cm Pt -2	MA /A g Pt -1	j l Film /mA cm -2	b /mV dec -1	% (H 2 O 2 ) max (RRDE)
	Pt-NPs/C	80	4.6 ± 1.4	5.8 ± 0.7	46 ± 14 97 ± 28	67	5
	Pt-NPs-(PSSA)/C	98	8.6 ± 2.7	8.8 ± 2.7	86 ± 27 80 ± 22	74	1
	Pt-NPs-(PTFV-S-PSA)/C	71	3.5 ± 0.1	4.9 ± 0.1	35 ± 1 58 ± 12	66	2
	Pt-NPs-(PTFV-O-PSA)/C	68	3.6 ± 0.35	5.3 ± 0.5	36 ± 4 58 ± 13	65	2
	Pt-NPs-(PTFSSA)/C	66	2.8 ± 0.1	4.2 ± 0.1	28 ± 1 62 ± 14	68	8

Table 3 . Electrochemical surface areas, kinetic current density @ 0.9 V vs RHE (j k geom and j k cata are expressed with respect to the electrode geometric surface area and to the Pt real surface area, respectively), mass activity @ 0.9 V, limiting current density with respect to the electrode geometric surface area, and Tafel slope determined from RDE experiments, and maximum percentage of H 2 O 2 produced at 0.3 V vs RHE determined from RRDE experiments. The expanded uncertainties are calculated from equations detailed in supporting information (SI 11) and given for a level of confidence of 99 %.
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