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INTRODUCTION.

Electrochemical energy conversion devices, such as polymer electrolyte membrane fuel cells (PEMFCs) and PEM electrolyzers are considered as possible candidates for integration in future renewable energy network [START_REF] Fedotov | Characterization of Carbon-Supported Platinum Nano-Particles Synthesized Using Magnetron Sputtering for Application in PEM Electrochemical Systems[END_REF][START_REF] Sui | A Comprehensive Review of Pt Electrocatalysts the Oxygen Reduction Reaction: Nanostructure, Activity, Mechanism and Carbon Support in PEM Fuel Cells[END_REF] . However, the oxygen reduction reaction (ORR) kinetic at the cathode of a PEMFC is slow and the overpotential at the cathode is generally high (higher than 0.200 V), whereas that of the hydrogen oxidation at the anode is ca. 0.050 V [START_REF] Gewirth | Electroreduction of Dioxygen for Fuel-Cell Applications: Materials and Challenges[END_REF] . For this purpose, platinum (Pt) or its alloys are often required as electrocatalyst because of their excellent catalytic activity for the ORR [START_REF] Wang | Platinum-Based Electrocatalysts for the Oxygen-Reduction Reaction: Determining the Role of Pure Electronic Charge Transfer in Electrocatalysis[END_REF] . Electrocatalysis involves surface reactions, therefore, a high surface/inner atoms ratio is desirable to improve the Pt nanoparticles (Pt NPs) performance. NPs with size ranging between 2 to 4 nm are generally preferred [START_REF] Brault | Plasma Sputtering Deposition of Platinum into Porous Fuel Cell Electrodes[END_REF] .

NPs can be obtained through various physical, chemical or physicochemical routes [START_REF] Zhou | Preparation of Highly Active 40 Wt.% Pt/C Cathode Electrocatalysts for DMFC via Different Routes[END_REF][START_REF] Shim | Carbon-Supported Platinum Nanoparticles Synthesized by Plasma-Chemical Reduction Method for Fuel Cell Applications[END_REF] . The chemical methods are very versatile in terms of controlling NPs shape and size by varying the reaction conditions. However, NPs chemical synthesis requires additives, which generate by-products difficult to remove and NPs with limited purity. In contrast, physical methods (such as sputtering, thermal evaporation, laser ablation, spark discharge…) on solid substrates avoid the use of additives, allowing the production of pure metallic NPs with the same material composition as that of the starting material. Moreover, these methods can be considered as green approaches using non-toxic reducing agents and avoiding the formation of byproducts [START_REF] Wender | Sputtering Deposition of Nanoparticles onto Liquid Substrates: Recent Advances and Future Trends[END_REF] .

Among physical techniques for preparing electrocatalytic NPs, magnetron sputtering is known to produce efficient Pt NPs deposited on a microporous carbon layer [START_REF] Mougenot | High Performance Plasma Sputtered PdPt Fuel Cell Electrodes with Ultra Low Loading[END_REF] or on a polymer electrolyte membrane [START_REF] Cha | Performance of Proton Exchange Membrane Fuel Cell Electrodes Prepared by Direct Deposition of Ultrathin Platinum on the Membrane Surface[END_REF] to directly fabricate the catalytic layer composite. However, using the sputtering method for the deposition of metal NPs onto such substrates often makes the control of the NPs properties (size, dispersion and morphology) complex. Moreover, this process makes also difficult to create three phase boundaries by the addition of ionomer in comparison with the conventional liquid ink preparation techniques based on classical chemical processes for carbon supported NPs. A solution consists in synthesizing NPs directly in a liquid phase using magnetron sputtering technique and to disseminate the NPs onto a porous substrate. This innovative method takes advantages of liquids with an extremely low vapor pressure, capable to sustain vacuum processing and to stabilize the NPs generated by magnetron sputtering [START_REF] Nguyen | Sputtering onto a Liquid: Interesting Physical Preparation Method for Multi-Metallic Nanoparticles[END_REF] . Ionic liquids (ILs) 12 are the most used liquid because of their extremely low vapor pressure (for example 10 -10 Pa at 298 K for the IL [C4mim] [PF6] [START_REF] Paulechka | Thermodynamic Properties of 1-Butyl-3-Methylimidazolium Hexafluorophosphate in the Ideal Gas State[END_REF] ), and to a lesser extent organic and vegetable oils [START_REF] Wender | Synthesis of Gold Nanoparticles in a Biocompatible Fluid from Sputtering Deposition onto Castor Oil[END_REF] (0.192 kPa at 299.1 K for castor oil [START_REF] Ndiaye | Vapor Pressure Data of Soybean Oil, Castor Oil, and Their Fatty Acid Ethyl Ester Derivatives[END_REF] ). But the synthesis of highly dispersed small NPs with a narrow size distribution remains a challenge and thin film could also appear on the liquid surface as a function of the deposition parameters (working distance between the target and the liquid substrate, sputtering time, temperature of the target, applied voltage, discharge current and gas pressure, etc.). For instance, Wender et al 16 revealed that the formation of Ag NPs or Ag thin films depended on the applied voltages and on the surface coordination ability of the different vegetable oils.

Lower discharges voltages and/or lower surface coordination abilities led to the formation of a film at the surface of the liquid, while the opposite led to the formation of NPs. Hatakeyama et al [START_REF] Hatakeyama | Effects of Sputtering Conditions on Formation of Gold Nanoparticles in Sputter Deposition Technique[END_REF] studied the effect of different sputtering conditions on Au NPs synthesis onto an IL. It was shown that both, the target temperature and the applied voltage had a strong influence on the Au NPs size, while the working distance between the target and the surface of the IL, the sputtering time and the discharge current had few or no influence.

Therefore, sputtering deposition parameters play an important role and determine the size distribution of NPs synthesized in a liquid medium. Another advantage of this deposition method is that the dispersed NPs inside the liquid can be extracted, and then dispersed onto a high surface area carbon support used in fuel cell electrodes. For the last 10 years, Torimoto and Kuwabata groups fabricated Pt nanocatalysts supported on carbon using sputtering technique onto IL [START_REF] Yoshii | Highly Durable Pt Nanoparticle-Supported Carbon Catalysts for the Oxygen Reduction Reaction Tailored by Using an Ionic Liquid Thin Layer[END_REF][START_REF] Tsuda | Oxygen Reduction Catalytic Ability of Platinum Nanoparticles Prepared by Room-Temperature Ionic Liquid-Sputtering Method[END_REF][START_REF] Yoshii | Platinum nanoparticle immobilization onto carbon nanotubes using Pt-sputtered room-temperature ionic liquid[END_REF] . K. Yoshii et al. [START_REF] Yoshii | Highly Durable Pt Nanoparticle-Supported Carbon Catalysts for the Oxygen Reduction Reaction Tailored by Using an Ionic Liquid Thin Layer[END_REF] fabricated Pt NPs supported on different carbon materials, i.e. single walled carbon nanotubes (SWCNT) and carbon black (Vulcan XC-72), by adding these carbon materials directly in the IL after the Pt NP growth. In their study, Pt NPs were homogeneously dispersed on the carbon support displaying a mean particle diameter of 3.6 -3.7 nm and an electrochemical surface area (ECSA) between 51.4 and 63.1 m 2 .g -1 . Even if this preparation method is powerful when using ILs that can be easily manipulated under ultra-high vacuum, such liquids are highly complex to synthesize and purify, and hence are expensive. However, fuel cells require large amounts of catalytic powder containing an expensive metal (Pt), therefore a preparation method of lower cost is preferred. Other authors proposed to use liquid polyethylene glycol (PEG) instead of ILs [START_REF] Cha | Facile synthesis of carbon supported metal nanoparticles via sputtering onto a liquid substrate and their electrochemical application[END_REF] and succeeded to synthesize Pt NPs with a 2 nm mean diameter without surfactant [START_REF] Deng | Sub-2 nm Single-Crystal Pt Nanoparticles via Sputtering onto a Liquid Polymer[END_REF] . The carbon supported NPs exhibited an ECSA of 45.9 m² gPt -1 as measured by CO stripping. The authors observed no or very few agglomerations.

Similar results were obtained by Deng et al [START_REF] Cha | Synthesis and growth mechanism of carbon-supported nanoparticle catalysts by physical vapor deposition onto a liquid medium substrate[END_REF] .

In the present study, we propose to use an alternative inexpensive liquid, glycerol, as liquid medium to synthesize Pt nanocatalyst by an eco-friendly and economic method. Glycerol is a by-product of biodiesel production to an extent of 10 wt%, and is therefore considered as a waste by the biofuel industries. Its relatively high vapor pressure (~ 0.1 Pa at 298 K [START_REF]Physical Properties of Glycerine and Its Solutions[END_REF] ) compared to IL could modify the properties of the Pt NPs synthesized and optimum deposition parameters have to be defined. For example, the influence of the argon pressure in the plasma chamber should influence the formation of either Pt NPs and/or Pt thin films. This influence is studied and discussed here. To better understand the Pt growth phenomena at the atomic 

EXPERIMENTAL SECTION

Synthesis procedure

The synthesis of Pt NPs is performed in a high vacuum apparatus pumped by turbomolecular and primary pumps allowing achieving a limit vacuum of 2.10 -4 Pa. The lower limit of the pressure is increased to 5.10 - 3 Pa when the cylindrical glass vial (24 mm inside diameter and 30 mm height) containing 4 cm 3 of glycerol (Sigma Aldrich, ReagentPlus ® , purity ≥ 99.0%) is placed on a movable substrate holder at room temperature.

The viscosity of glycerol is measured at room temperature (25 °C) using a rotational coaxial cylinder viscometer. The glycerol is placed between two concentric cylinders. One cylinder rotates with a constant angular velocity (75 rpm), while the other cylinder is suspended to a torsion wire. After the driven cylinder starts to rest, the suspended cylinder rotates until an equilibrium position is reached, where the force due to the torsion wire is just balanced by the viscous force transmitted through the liquid. Thus, the measured viscosity of glycerol at 25 °C is ca. 0.60 Pa.s. The vapor pressure and the density of the glycerol at 25 °C are ~ 0.10 Pa and 1.26 g cm -3 , respectively [START_REF] Tsuda | Oxygen Reduction Catalytic Ability of Platinum Nanoparticles Prepared by Room-Temperature Ionic Liquid-Sputtering Method[END_REF] .

The 2 inches in diameter, balanced magnetron (equipped with a 2 mm thick Pt target) is powered by a DC power supply (pinnacle plus Advanced Energy) and faces the liquid surface at a 120 mm distance. After 2 hours pumping (to reach the base pressure of 5.10 -3 Pa), argon (Alphagaz 1 from Air Liquide, purity of 99.99% ) is introduced in the chamber with a flow rate of 40 sccm (standard cubic centimeter per minute) and the working pressure is adjusted by partially closing a valve in front of the turbomolecular pump. Before Pt deposition, the Pt target surface is cleaned by sputtering Pt atoms for 5 min at a DC power of 100 W; a shutter is placed between the liquid surface and the target. After opening the shutter, the Pt target is sputtered for 20 min at a constant power of 100 W. The argon working pressure was adjusted to 1.0, 4.0 and 9.0 Pa for the deposition inducing a modification of the cathode voltage (490, 430 and 380 V, respectively). In order to estimate the mass of Pt arriving onto the glycerol surface, the glass vial is retracted and a quartz microbalance (6 MHz quartz with an Au electrode) is positioned at the same distance from the target as that for the liquid surface (120 mm in the axis of the Pt target). The deposition rates given by the quartz microbalance are equal to 60, 50 and 29 µg.cm -2 .min -1 for argon working pressures of 1.0, 4.0 and 9.0 Pa, respectively, and they remain constant over the time scale of 20 min. Assuming a constant sticking coefficient on the glycerol surface, the masses of Pt deposited are equal to 3.0 mg, 2.5 mg and 1.5 mg in the glass vial (2.54 cm² opening area) containing 4 cm 3 glycerol.

Molecular dynamics simulation for Pt NP growth

The deposition of Pt atoms onto glycerol is simulated using Molecular Dynamics (MD) to understand which deposition parameters influence the formation of the floating thin film. Indeed, MD is able to simulate phenomena at the nanoscale when all interaction potentials (force fields) between involved species are available [START_REF] Graves | Molecular Dynamics for Low Temperature Plasma-Surface Interaction Studies[END_REF][START_REF] Neyts | Molecular Dynamics Simulations for Plasma-Surface Interactions[END_REF][START_REF] Liang | Reactive Potentials for Advanced Atomistic Simulations[END_REF][START_REF] Senftle | The ReaxFF Reactive Force-Field: Development, Applications and Future Directions[END_REF] . To simulate the Ar pressure variations, the mean kinetic energy of the Pt atoms arriving onto the glycerol is modified. Values of 2 eV and 0.039 eV are chosen for pressures of 1.0 and 9.0 Pa, respectively. These values are obtained using a modified Thompson formula [START_REF] Xie | Molecular Dynamics Simulations of Clusters and Thin Film Growth in the Context of Plasma Sputtering Deposition[END_REF][START_REF] Brault | Molecular Dynamics Simulations of Supported Metal Nanocatalyst Formation by Plasma Sputtering[END_REF] for an atom travelling through a plasma over a defined target to substrate distance. It has been experimentally observed using a thermocouple immersed into the glycerol that the liquid temperature is increased during the 20 min deposition from 293 K to about 310 K. The temperature increase by ca. 17 K appears low considering the DC power of 100 W and the distance of 12 cm but it indicates clearly that the plasma induces a transfer of energy onto the liquid surface. This heating originates from the sputtered species arriving onto the liquid surface, from all other species formed in the plasma (ions, radicals, electrons, etc.), from eventual chemical reactions taking place in the plasma and from infrared radiation emitted by the target. The temperature on the liquid surface could be probably much higher that the value measured by the thermocouple in the liquid bulk. For MD simulation the energy released by the Pt atoms and absorbed by the glycerol molecules should lead to an increase of the local temperature. During deposition, the extreme surface of the liquid where Pt species are deposited constitutes an off-equilibrium system and viscous heating is inevitable. The heat could be extracted using some thermostat devices surrounding the glass wall of the liquid container, which is not possible due to the large volume of container, or by the molecules of the liquid (solution that we adopted).

Before the injection of Pt atoms, every MD simulation run was started after an equilibration period at 300 K using a Nosé-Hoover thermostat. Then, during the deposition of Pt atoms, the use of a local Langevin thermostat with a dumping time of 100 fs was chosen, allowing dissipating the energy coming from the sputtered atoms or produced by the formation of NPs on the spatially localized scale. A reactive force field for modelling Pt, C, H, O interactions (interactions between Pt and glycerol) [START_REF] Shin | Development of a ReaxFF Reactive Force Field for the Pt-Ni Alloy Catalyst[END_REF] is used. 400 Pt atoms are released towards a glycerol (C3H8O3) slab of 7 x 7 x 10 nm 3 with a density of 1.26 g.cm -3 . A simulation lasts for 0.16 ns and the timestep is 0.1 fs for allowing H fast motion. The Pt atoms are released during the first 0.08 ns, one after each other every 0.2 ps. Additional 0.08 ns simulations are carried out for allowing the system to relax down to 300 K. So, a full run lasts for 0.16 ns, i.e. 1.6 10 6 timesteps.

Characterization of as-synthesized Pt NPs by SAXS

Pt NPs obtained for the three Argon working pressures (1.0, 4.0 and 9.0 Pa) are characterized using SAXS experiments [START_REF] Glatter | General Theory X-Ray Scattering[END_REF][START_REF] Th | Neutron, X-Rays and Light[END_REF][START_REF] Andreazza | Probing Nanoalloy Structure and Morphology[END_REF] to determine the influence of the argon pressure on the Pt NPs mean size. SAXS is a very powerful tool for investigating in situ NPs without manipulating or destroying the samples. The technique helps to have a better understanding of the NPs properties, but also of the direct self-assembly of (monoand multimetallic) NPs [START_REF] Raghuwanshi | Deep Eutectic Solvents for the Self-Assembly of Gold Nanoparticles: A SAXS, UV-Vis, and TEM Investigation[END_REF] . SAXS characterization has been mostly employed for exploring the properties of NPs prepared in ILs, PEG oil or even in glycerin diluted in ethanol [START_REF] Han Lee | Facile method for the synthesis of gold nanoparticles using an ion coater[END_REF] after the deposition or during thermal post treatment [START_REF] Hatakeyama | Synthesis of Gold Nanoparticles in Liquid Polyethylene Glycol by Sputter Deposition and Temperature Effects on their Size and Shape[END_REF][START_REF] Steinfeldt | In Situ Monitoring of Pt Nanoparticle Formation in Ethylene Glycol Solution by SAXS-Influence of the NaOH to Pt Ratio[END_REF][START_REF] Hatakeyama | Can Temperature Control the Size of Au Nanoparticles Prepared in Ionic Liquids by the Sputter Deposition Technique?[END_REF][START_REF] Hatakeyama | Anion and cation effects on the size control of Au nanoparticles prepared by sputter deposition in imidazolium-based ionic liquids[END_REF] . SAXS measurements are carried out using the laboratory platform based on a XENOCS system. The beam generated by an x-ray generator (30 W, Cu anode with λ = 0.154 nm) is collimated (Xray spot size of 500 µm) using two scatterless single crystal slits whereas the scattering signals is collected by a two-dimensional detector (Pilatus 300 K, 83.8 x 106.5 mm²) at a distance of 570 mm from the 2 mm in diameter capillary (0.01 mm wall) containing the Pt NPs based solution. Considering the sample-detector distance and the detector size, the scattering vector (q = 4 π sinѲ/λ, where Ѳ is the scattering angle) ranges from 0.01 to 9.00 nm -1 (the detector is not centered on the beam). Just before SAXS measurement, homogenization of the glycerol suspension is realized by ultrasound irradiation for 5 min, then the suspension is diluted with ethanol in a 1:2 ratio to decrease the viscosity of the mixture and to allow its introduction in a glass capillary using a syringe. The capillary is sealed and installed on a high precision XY stage in the SAXS vacuum chamber (pressure of ca. 10 Pa). The scattering signal is obtained after signal normalization by subtracting the signal obtained for a capillary containing the glycerol/ethanol (1:2) mixture without NPs to eliminate contribution from parasitic background (slits, windows, capillary, etc.).

Preparation of Pt NPs/C catalytic powders

Carbon black (Vulcan XC-72 heat-treated at 400°C under N2 for 4 hours) is added to the glycerol solution to transfer most of the Pt NPs on carbon support. The amount of carbon is calculated to obtain a nominal metal/carbon weight ratio of 30 wt.% (assuming that all nanoparticles are deposited on the substrate). Then glycerol is removed by vacuum filtration through a commercial alumina oxide membrane purchased from Sigma Aldrich (pore size of 0.2 μm, thickness of 0.1 mm, and diameter of 13 mm). The resulting retentate is washed several times with hot ultrapure water and acetone to remove the remaining glycerol. The Pt NPs/C powder is then dried at 70 °C in an oven overnight. Fig. 1 gives an overview of the procedure required to obtain the Pt NPs/C powder. 

Characterization of Pt NPs/C by TEM and HRTEM

Pt NPs deposited on a carbon substrate are investigated using an aberration corrected HRTEM equipped with a Cold Field Emission Gun (ACCELARM 200F JEOL) operating at 200 kV. The six TEM samples are prepared by dropping the Pt NPs/C catalytic powder dispersed in isopropanol on a copper grid covered by an amorphous carbon thin layer (SPI Supplies carbon coated 200 mesh copper grids 3 mm). Grids are dried at room temperature before TEM observations. HRTEM images are obtained due to double spherical aberration correction of both condenser and objective lens until fifth and third order, respectively, giving a Cs value of -0.1 mm. The magnification used for HRTEM is 2Mx and images are acquired by a CMOS OneView using a time exposure of 0.6 s.

Electrode preparation and electrochemical characterization of Pt NPs/C

Catalyst inks are prepared from the six Pt NPs/C powders by ultrasonically dispersing 2 mg of the Pt NPs/C powder in 0.3 mL of ultrapure water (18.2 MΩ, milliQ from Millipore) and 40 µL of Nafion solution (5 wt% Nafion ® perfluorinated resin solution in aliphatic alcohols from Aldrich). For electrochemical measurements, the working electrodes are prepared by dispersing a drop of the catalyst ink on a glassy carbon disc (0.071 cm -2 geometric surface area) to obtain a metal loading of 100 µgmetal cm -2 .

Electrochemical measurements are carried out in a classical three-electrode electrochemical cell fitted with a glassy carbon counter-electrode (3 cm 2 geometric surface area) and a reversible hydrogen electrode (RHE), using a VersaSTAT 4 potentiostat/galvanostat (Princeton Applied Research, Ametek). All working electrodes are immersed in N2-purged 0.50 mol L -1 H2SO4 (ACS reagent, purity 95.0-98.0% from Sigma-Aldrich) aqueous electrolyte and a constant potential of 0.100 V vs. RHE is applied for 15 s before 14 cyclic voltammograms are recorded between 0.100 and 1.450 V vs. RHE at 0.050 V s -1 . All CVs reported herein correspond to the last stable cycle and all potentials values are referred to RHE.

RESULTS AND DISCUSSION

Fig. 2 shows the top view of the glass vial after the Pt deposition at each pressure. At 1.0 Pa (Fig. 2a), a homogeneous black solution is obtained together with a floating thin film (fTF) covering partly the glycerol surface. For higher Ar pressures, 4.0 Pa and 9.0 Pa, the formation of the fTF at the glycerol surface is greatly enhanced covering almost the whole glycerol surface (Figs. 2b and2c). Moreover, the glycerol seems to be colorless after the plasma sputtering experiment performed at 9.0 Pa. The as-prepared samples obtained from these deposition conditions are denoted 1Pa_w/_fTF, 4Pa_w/_fTF and 9Pa_w/_fTF (the first number corresponding to the pressure value in Pa and w/_fFT to with floating thin film). A second set of three samples was performed under the same conditions for which the floating thin films have been removed just 3a), the Pt atoms diffuse within the first 5 nm depth of the liquid phase, whereas at 9.0 Pa (Fig. 3c) few Pt atoms diffuse towards the glycerol bulk and most of Pt atoms form agglomerates at the glycerol surface [START_REF] Wartel | Primary Particles -Agglomerates -Aggregates[END_REF] . The diffusion of Pt atoms towards the glycerol bulk seems to be avoided at 9.0 Pa. It was previously shown that a higher pressure, 9.0 Pa in our case, induced a lower kinetic energy forcing the Pt atoms to a lateral motion regime at the liquid surface favoring a quasi-two-dimensional growth process [START_REF] Xie | Molecular Dynamics Simulations of Clusters and Thin Film Growth in the Context of Plasma Sputtering Deposition[END_REF] .

This prevision from MD simulations is totally consistent with the experimental findings in Fig. 2 showing the formation of a more covering floating Pt thin films at the glycerol surface when the argon pressure is increased from 1.0 Pa to 9.0 Pa. Fig. 3b and Fig. 3d show the changes in temperature (associated with the 13

In addition, the potential energy per Pt atom rapidly decreases during a first period and then slowly decreases during a second one due to clusters formation and agglomeration. At 1.0 Pa, the transition between these periods corresponds to an inflection point occurring at t = 0.8 ns, which corresponds to the end of the injection period of Pt atoms. During the first period, the potential energy decreases much faster at 1.0 Pa than at 9.0 Pa indicating that the Pt-Pt bond formation is accelerated for high kinetic energy. At 9.0 Pa, the transition between both periods occurs at 0.12 ns, i.e. at a time much higher than that of 0.08 ns observed at Figure 4 displays the SAXS signals in the q range from 0 and 4 nm -1 after data post-treatment by subtraction of the signal obtained without NPs for the six Pt deposits dispersed in glycerol/ethanol mixture. All SAXS measurements represented as function of the scattering vector (q) display a first intense signal for q < 1 nm - 1 and second signal between 1 and 4 nm -1 corresponding to two families of nano-objects characterized by two different mean sizes. Whereas the fit of the SAXS patterns could not be obtained accurately using a classical log-normal equation (not shown), the experimental measurements can be nicely fitted above 1 nm - 1 by a theoretical scattering curve assuming a Gaussian distribution and a full sphere model characterized by a frequency of particles N1, a mean diameter D1 and a diameter standard deviation σ1 typical of the objects in population 1. The experimental signal below 1 nm -1 could be more coarsely approximated by using a second distribution function of particles with spherical shape characterized by a mean diameter D2 (with D1 < D2), a frequency N2 (with N1 > N2) and a diameter standard deviation σ2 for the nano-objects in population 2. The distance of 570 mm between the capillary and the detector is not sufficient to carefully study the change in D2 with the applied pressure for the sputtering experiments, which ranges between 5 and 8 nm with N2 inferior to 1% and only the value of D1 and σ1 will be discussed hereafter.

The high intensity of the SAXS signal below 0.8 nm -1 clearly indicates the presence of large nano-objects (population 2), whereas the scattering tails between 0.8 and 3 nm -1 comes from the presence of smaller ones (population 1). For each figure, the lines represent the theoretical scattering signals coming from the population 1 composed of spherical NPs with a dispersion σ1/D1 of 15%. This ratio has been adjusted to properly fit both experimental signals obtained for 1 Pa (a) and has been considered unchanged for higher pressures. When the floating thin films are removed (w/o_ fTF), all experimental curves can be adjusted between 1 and 4 nm -1 by the theoretical scattering curves and the mean diameter of the Pt NPs (population 1) can be deduced. These mean diameters are equal to 2.1 (± 0.05) and 2.6 (± 0.1) nm for working pressures of 1.0 and 4.0, respectively. At 9.0 Pa, the SAXS signal being too low to determine accurately the size of population 1, the mean value of 3.2 nm is accompanied with the high uncertainty of ± 0.5 nm. This result indicates that the size of Pt NPs increases with the argon pressure which is commonly observed on solid substrate [START_REF] Liang | Reactive Potentials for Advanced Atomistic Simulations[END_REF] and has already been pointed out for Ag NPs synthesized in silicone oil [START_REF] Wagener | Nanocrystalline and Nanocomposite Materials II[END_REF][START_REF] Wagener | Sputtering on liquidsa versatile process for the production of magnetic suspensions[END_REF] . When the floating thin films are not removed (w/_ fTF), only the sample obtained for 1.0 Pa give enough signal to be fitted and a mean diameter of 1.8 ± 0.05 nm is obtained. Surprisingly, this value is lower than the one obtained for the same pressure without the fTF (w/o_fTF). Table 1 gives the diameter of the population 1 D1 for the 6 samples deduced from the analysis of the SAXS signal. The distributions appear bimodal, revealing the presence of two populations that are approximated by two Gaussian distribution functions (red and green lines). The first distributions displays average diameters <D1,TEM> of 2.5, 2.8 and 3.7 nm with a standard deviation σ of 0.5 and 0.6 nm (16 < σ/R < 20%) for samples synthesized at pressures of 1.0, 4.0 and 9.0 Pa (red line), respectively, whereas the average diameter of the second distribution (green line) is characterized by a larger average diameter <D2,TEM> comprised between 4.1 and 6.6 nm. TEM results confirm SAXS ones indicating an increase of the Pt NPs size with the argon pressure. The pressure rise induces the increase of the mean size (<D1,TEM>) by a factor of 1.5; Wagener et al. [START_REF] Wagener | Nanocrystalline and Nanocomposite Materials II[END_REF][START_REF] Wagener | Sputtering on liquidsa versatile process for the production of magnetic suspensions[END_REF] reported an increasing factor (for the same pressure rise) of about 2 for Ag NPs synthesized on silicone oil. The <D1,TEM> values are reported in Table 1. SAXS results clearly reveal the presence of isolated nanoparticles with a mean diameter between 1.8 and 3.2 nm (depending on the pressure) and of nano-objects with bigger sizes. This second distribution observed on the TEM images could then correspond to these nano-objects of bigger sizes considering that the mean sizes determined by TEM (from ca. 4 to ca.

7 nm) are close to those determined by SAXS (from ca. 5 to ca. 8 nm), although slightly lower. These bigger objects could originate from the agglomeration of few individual NPs that we initially did not want to consider during the counting. This selection of nano-objects for the statistics can explain the lower size of these bigger nano-objects determined from TEM images than those determined by SAXS for population 2

where no selection of nano-objects is done. Although the comparison of results in term of mean particle size between SAXS patterns and TEM images is not straightforward due to the different preparation procedures (SAXS patterns are recorded on Pt NPs suspended in a glycerol/ethanol mixture, whereas TEM images are recorded on Pt NPs supported on Vulcan XC 72 carbon support obtained by mixture of the Pt NPs/glycerol suspension with the carbon support and filtration), the size of NPs and aggregates determined from both techniques are of the same order and display the same trends, respectively. The slightly lower sizes determined by SAXS than by TEM can be due to the dilution of the Pt NPs/glycerol suspension by ethanol that can lead to the dispersion of agglomerated Pt NPs (for example, ethanol is often used to disperse NPs for further deposition on a TEM grid for analysis). On Fig. 5c corresponding to nanoparticles formed under a pressure of 9.0 Pa, the presence of agglomerates is clearly observed. These agglomerates are composed of individual nanoparticles [START_REF] Keene | Analytical Characterization of Gold Nanoparticle Primary Particles, Aggregates, Agglomerates, and Agglomerated Aggregates[END_REF] that could have the same morphological property than those in population 1.

According to SAXS measurements, the removal of the fTF from the surface of glycerol results in the removal of all or part of the smaller Pt NPs, depending on the applied pressure. In the case of Pt NPs synthesized at 4.0 Pa and 9.0 Pa, the removal of the fTF leads to the complete disappearance of population 1. It is worth to note that the mean diameter of isolated Pt NPs in the Pt_1Pa_w/_fTF sample synthesized at a pressure of 1.0 Pa (1.8 nm) is slightly smaller than the one obtained for the Pt_1Pa_w/o_fTF sample (2.1 nm). This observation shows that a large proportion of Pt NPs in the floating thin film is probably composed of agglomerated NPs with a mean diameter smaller than the one for NPs dispersed in the liquid bulk, and therefore that a limited growth process continued to occur in the liquid bulk leading to bigger NPs. The small difference between the mean diameters for Pt_1Pa_w/_fTF sample and for Pt_1Pa_w/o_fTF sample seems to indicate that the NPs diluted in the bulk liquid could originate from the liquid surface and that the growth in the liquid bulk is rather limited (even if the mean diameter increase to 2.1 nm probably due to the collection of isolated Pt atoms). This could correspond to a shrinkage of the crystal lattice due to internal stress as it is observed for fcc clusters at the nanoscale due to high surface stress. [START_REF] Nafday | A Reduction in Particle Size Generally Causes Body-Centered-Cubic Metals to Expand but Face-Centered-Cubic Metals to Contract[END_REF][START_REF] Wasserman | On the Determination of the Surface Stress of Copper and Platinum[END_REF] Cyclic voltammograms of Pt NPs/C electrodes recorded in N2-purged 0.50 mol L -1 H2SO4 electrolyte between 0.050 V and 1.450 V vs RHE are presented in Figure 7. The signals for the underpotential adsorption of hydrogen and for its desorption from the platinum surface is visible between 0.050 V and 0.400 V vs RHE for all catalysts and are in agreement with other studies performed on Pt catalyst [START_REF] Kongkanand | Highly Dispersed Pt Catalysts on Single-Walled Carbon Nanotubes and Their Role in Methanol Oxidation[END_REF][START_REF] Li | Stabilization of High-Performance Oxygen Reduction Reaction Pt Electrocatalyst Supported on Reduced Graphene Oxide/carbon Black Composite[END_REF] . At higher potentials, from ca. 0.650 V vs. RHE, Pt surface atoms attract hydroxyl groups to form Pt-OHad species that are further oxidized to form Pt-Oad surface oxides. In the negative-going scan, when decreasing the voltage, the oxidized Pt-O surface is reduced, leading to a reduction peak centered in the 0.700 -0.750 V vs. RHE potential range.

The electrochemically active surface area (ECSA) can give insights on the accessibility of Pt surface atoms in Pt/C catalysts and further on the Pt electrocatalytic activity. The ECSA values can be calculated from the integration of the hydrogen desorption peak between 0.050 and 0.400 V (positive-going scan) or from the integration of the oxide reduction peak between 0.4 and 1 V (negative-going scan), after correction of the capacitive double layer contribution. Then, the peak integration gives the transferred charge for the reaction (knowing the scan rate) and the ECSA can be deduced from this charge assuming a specific charge of 210 μC.cm -2 and 420 μC.cm -2 for the H-desorption peak (one-electron transfer) and the O-desorption peak (twoelectron transfer), respectively. ECSA results are reported in the Table 1. Both methods of ECSA determination give relatively close values for each catalyst. The ECSA for Pt NPs/C catalyst prepared at 9.0 Pa is noticeably low (inferior to 5 m².g -1 ) with the presence of the fTF or not. This observation can be related to the morphological characterization of the Pt_9Pa_w/_fTF sample by TEM showing the presence of very big agglomerates and of very few isolated nanoparticles (Fig. 5c), leading to a low electrochemically active surface area. Because the diffusion of platinum in the glycerol bulk is disfavored at high pressures, the amount of remaining platinum in the glycerol phase after removal of the floating thin film is very low, and its determination is likely associated with a very large uncertainty, as well as that of the ECSA. This problem was much less important for the other pressures because the amounts of platinum could be determined with a higher accuracy. The active surface area of the Pt_4Pa_w/_fTF reaches values between 6.2 and 6.8 m².g - 1 , and that determined on Pt_4Pa_w/o_fTF is improved between 14. This contribution shows therefore that the magnetron sputtering method is very powerful to synthesize nanoparticles with low particle sizes around 3 nm, which is a convenient size for electrocatalytic reactions in low temperature fuel cells for example, and narrow size distribution. However, ECSAs were found to be very low and it was proposed that the level of Pt NPs agglomeration was responsible of these low values.

To improve the dissemination of the Pt NPs on the carbon substrate for electrode preparation, it is proposed to investigate more suitable liquid phases, in terms of vapor pressure, viscosity, density, solubility, low boiling temperature, etc. This is of paramount importance for the development of such a clean synthesis method of nanostructured catalytic materials.

  scale, Molecular Dynamic (MD) simulations are carried out reproducing the deposition conditions of plasma sputtering experiments. Small-angle X-ray scattering (SAXS) experiments are performed to estimate the Pt NPs average size in the glycerol medium. Three carbon-supported Pt NPs electrocatalytic powders (Pt NPs/C) were prepared by adding a carbon black powder (Vulcan XC 72) to the glycerol medium containing the Pt NPs synthesized under different argon pressures (1.0, 4.0 and 9.0 Pa) and filtrating the slurry. Size distributions in the electrocatalytic powders and the atomic arrangement of Pt NPs are investigated using Transmission Electron Microscopy (TEM) and High-Resolution Transmission Electron Microscopy (HRTEM), respectively. Finally, Pt NPs/C catalysts are tested in an electrochemical cell to evaluate their electroactive surface area.

Figure 1 .

 1 Figure 1. Schematic of the Pt NPs/C catalyst preparation procedure.

  after the plasma sputtering experiments. The removed Pt flakes are washed, dried and weighed. The remaining Pt masses in the glass vials after the removal of the floating thin films are estimated by subtraction to 2.1, 1.9 and 0.6 mg for plasma deposition at 1.0, 4.0 and 9.0 Pa, respectively. These samples are denoted 1Pa_w/o_fTF, 4Pa_w/o_fTF and 9Pa_w/o_fTF (the first number corresponding the pressure value in Pa and w/o_fFT to without floating thin film).

Figure 2 .

 2 Figure 2. Top view of the glass vials containing 4 cm 3 of glycerol immediately after the Pt deposition performed at three different Argon pressures: (a) 1.0 Pa, (b) 4.0 Pa and (c) 9.0 Pa. MD simulation snapshots obtained for 1.0 Pa and 9.0 Pa at 293 K are displayed in Figs. 3a and 3c. In both

  curves being determined over a timestep of 0.16 ns. The decrease of the Pt atom temperature clearly indicates that the Pt atoms progressively transfer their energy to the glycerol molecules thermostatically fixed at 293 K.

Figure 3 .

 3 Figure 3. Right: snapshot of molecular dynamic simulation of Pt atoms deposited on glycerol for (a) 1 Pa and (c) 9 Pa. Pt atoms are green, C atoms are white, H atoms are blue and O atoms are red. Left: changes with time of the average Pt temperature and the average potential energy per Pt atom for (b) 1 Pa and (d) 9 Pa.

1. 0

 0 Pa. This delay is an indication that the diffusion time of Pt atoms on the surface before sticking to another Pt atom is increased at 9.0 Pa. On the other hand, 100 % of the injected Pt atoms are collected onto the glycerol substrate at 1.0 Pa while only 95 % are collected at 9.0 Pa. This means that due to a low kinetic energy some Pt atoms are not able to find a suitable deposition site at 9.0 Pa. The simulation boxes and the timescale values used in the present work allow giving an insight on the influence of the argon pressure on the formation of Pt fTF, but not on the Pt NPs growth inside the glycerol medium due to the small amount of Pt atoms penetrating the liquid.

Figure 4 .

 4 Figure 4. SAXS data and fitting curves for the samples prepared by plasma sputtering under different pressures: (a) 1.0 Pa, (b) 4.0 and (c) 9.0 Pa, with and without the floating thin film.

Fig. 5

 5 Fig. 5 shows the TEM images of Pt NPs supported on carbon black, namely Pt_1Pa_w/_fTF,

Figure 5 .

 5 Figure 5. TEM images and corresponding size distributions of Pt NPs supported on carbon black synthesized for three samples: (a) Pt_1Pa_w/_fTF, (b) Pt_4Pa_w/_fTF and (c) Pt_9Pa_w/_fTF.

Fig. 6 presents

 6 Fig.6presents HRTEM micrographs of a Pt NPs supported on a larger sphere-like carbon particle. A zoom

Figure 6 .

 6 Figure 6. a) HRTEM micrographs of Pt NP supported on carbon grown at an argon pressure of 1 Pa. b)

  4 and 15.8 m².g -1 . The ECSA value for Pt_4Pa_w/o_fTF (15.1 m 2 gPt -1 in average) is very close to those determined for the Pt_1Pa_w/_fTF (15.05 m 2 gPt -1 in average) and Pt_1Pa_w/o_fTF (15.65 m 2 gPt -1 in average) catalysts. In the case of catalysts synthesized at 1.0 Pa, the removal of the floating thin film has no effect on the active surface area, whereas its removal leads to dramatically increase of the ECSA for catalysts prepared at 4.0 Pa. All these observations indicate that the increase of the synthesis pressure favors the formation of denser thin floating energy flux transfer between the plasma and the liquid surface in order to heat the liquid surface and/or (iii) simply heating the liquid phase.

Figure 7 .

 7 Figure 7. Cyclic voltammograms of Pt-NP catalysts without (a) and with (b) the floating thin film recorded in N2 purged 0.5 M H2SO4 electrolyte (between 0.1 and 1.45 V, T=20°C, v= 50 mV/s).

Pt

  NPs have been synthesized by a plasma sputtering process directly onto glycerol as liquid substrate. It was shown that the argon pressure plays an important role on the NPs formation. Higher pressures (4.0 and 9.0 Pa) induced the formation of a thin film on the glycerol surface while a lower pressure (1.0 Pa) led to the formation of a homogeneous dark suspension with a floating thin film. The MD simulations agreed with these experimental findings, which highlighted that the NPs diffusion in the liquid phase depends on the pressure and then on the associated kinetic energy of Pt atoms when arriving on the liquid surface. SAXS measurements of as-deposited Pt NPs onto glycerol and TEM measurements on carbon-supported Pt NPs revealed an increase of the NPs size with the argon pressure, from 2.5 to 3.7 nm (TEM) when the argon pressure increased from 1.0 to 9.0 Pa, and the existence of bimodal distributions. The nano-object population centred at higher mean sizes (population 2) corresponds likely to agglomerated NPs. Moreover, after the deposition of the Pt NPs on a carbon support, the materials synthesized at high pressure (9.0 Pa) formed big agglomerates and ramified NPs networks. It was also proposed that besides the pressure, the viscosity of the liquid phase also contributed to the formation of fTF on the glycerol surface and Pt agglomerates.

Table 1 .

 1 List of 6 Pt-NPs samples with fitting data issued from SAXS, TEM and CV measurements.

		SAXS	TEM	CV measurements
	Sample name	D1 (nm)	<D1,TEM> (nm)	ECSACV, oxide (m² g -1 )	ECSACV, H (m² g -1 )
	Pt_1Pa_w/_fTF	1.8	2.5	14.6	16.4
	Pt_1Pa_w/o_fTF	2.1	-	16.5	14.8
	Pt_4Pa_w/_fTF	-	2.8	6.2	6.8
	Pt_4Pa_w/o_fTF	2.6	-	14.4	15.8
	Pt_9Pa_w/_fTF	-	3.7	5.0	4.8
	Pt_9Pa_w/o_fTF	3.2	-	1.9	2.3

Acknowledgements

This work has been funded by Centre-Val de Loire French region in the frame of the Ambition for Research and Development (ARD) program named LAVOISIER 2 and by the CNRS project named PHYSNANOIL (PEPS INSIS program). Thanks to the MACLE Platform for the access to the JEOL ACCELARM 200F which was co-funded by the European Union and Centre-Val de Loire Region (FEDER). The authors thanks Eric Millon and Christophe Cachoncinlle for their contributions to the field of the deposits on the liquid substrate in the GREMI laboratory. We also thanks Stephanos Konstantinidis for the useful discussion about NPs and thin films synthesis in a liquid medium by magnetron sputtering. Finally, the authors thank Remi Lazzari for the IsGISAXS free software that we used to analyze the SAXS scattering signal. Finally, the authors acknowledge networking support from the International Research Network IRN Nanoalloys of CNRS.

Data 2005, 50 (2), 330-333. https://doi.org/10.1021/je049898o. (16) Wender, H.; Gonçalves, R. V.; Feil, A. F.; Migowski, P.; Poletto, F. S.; Pohlmann, A. R.; Dupont, J.; Teixeira, S. R. Sputtering onto Liquids: From Thin Films to Nanoparticles. J. Phys. Chem. C 2011, 115

films at the glycerol surface with bigger stable agglomerates of Pt NPs that are further deposited on the carbon support.

But in the present study, the ECSA values are largely inferior to those obtained by Yoshii et al. [START_REF] Yoshii | Highly Durable Pt Nanoparticle-Supported Carbon Catalysts for the Oxygen Reduction Reaction Tailored by Using an Ionic Liquid Thin Layer[END_REF] . These Here, lower active surface areas are obtained due to the presence of agglomerates. The decrease of viscosity leading to the formation of agglomerates in Pt plasma sputtering process lowering the ECSA, could be achieved by (i) using a water containing glycerol liquid mixture instead of pure glycerol, (ii) improving the