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We report on the synthesis, characterization and corrosion behavior of randomly oriented platinum-nickel and platinum-cobalt nanoparticles (PtNi-NPs, PtCo-NPs). Unsupported and carbonsupported nanocatalysts were synthesized using the "water-in-oil" microemulsion method. X-ray diffraction (XRD) was used to examine their average crystallite size, which was 2.3 nm in both cases.

The shape, size, and size distribution of the nanoparticles were evaluated using transmission electron microscopy (TEM); they were determined to be sphere-like with an average size of 3.3 nm and 3.2 nm for PtNi-NPs and PtCo-NPs, respectively, and a narrow size distribution. The comparison of the XRD and TEM data indicated that the nanocatalysts were polycrystalline in nature. Thermogravimetric analysis (TGA) measurements were carried out to evaluate the metal loadings of the carbon-supported nanocatalysts, which were 38.1 wt% for PtNi-NPs and 40.8 wt% for PtCo-NPs. Static Density Functional Theory (DFT) calculations were performed to analyze the structures and energetics of the PtNi and PtCo systems; it was found that the presence of Ni and Co introduces ca. 8% of volume reduction, as compared to the volume of pure, bulk Pt. Cyclic voltammetry (CV) measurements at potential scan rates of 5.0 and 50.0 mV s -1 in 0.50 M aqueous H 2 SO 4 indicated that the specific surface areas (A s ) of the PtNi-NPs and PtCo-NPs were 74.5 m 2 g Pt -1 and 33.1 m 2 g Pt -1

, respectively. In-situ confocal Raman spectroscopy was successfully used to monitor the formation and reduction of surface oxide layers in the sub-monolayer and monolayer ranges. Corrosion of the nanocatalysts was studied using anodic and cathodic potentiodynamic polarization (PDP) measurements at a very low potential scan rate of s = 0.10 mV s -1 in 0.50 M aqueous H 2 SO 4 saturated with different gases (N 2 (g), O 2 (g), or H 2 (g)). The nature of the dissolved gas had a profound impact on the corrosion characteristics of the nanoparticles. The nanocatalysts were stable in the electrolyte saturated with H 2 (g), underwent slight corrosion in the electrolyte saturated with N 2 (g), and significant corrosion in the electrolyte saturated with O 2 (g). The carbon support was also observed to undergo corrosion and porosity changes. The degradation of the nanocatalysts was more pronounced in the case of the anodic PDP measurements than the cathodic ones.

Cyclic voltammetry was employed to analyze the loss of A s of the nanocatalysts as a result of PDP measurements and the results were found to corroborate the corrosion data. Evolution of the value of A s of the nanocatalysts in 0.50 M aqueous H 2 SO 4 outgassed using N 2 (g) was examined by recording 500 CV transients in the 0.05 V  E  1.45 V range at s = 50.0 mV s -1 . It was found that in both cases this treatment resulted in a 50% reduction in A s .

INTRODUCTION

Reduction of platinum (Pt) loading in the catalysts used in the cathode of polymer electrolyte membrane fuel cells (PEMFCs) is generally accomplished through the use of alloys containing Pt and a non-noble transition metal. [START_REF] Antolini | The stability of Pt-M (M = first row transition metal) alloy catalysts and its effect on the activity in low temperature fuel cells A literature review and tests on a Pt-Co catalyst[END_REF][START_REF] Stamenkovic | Trends in electrocatalysis on extended and nanoscale Ptbimetallic alloy surfaces[END_REF][START_REF] Mukerjee | Bifunctionality in Pt alloy nanocluster electrocatalysts for enhanced methanol oxidation and CO tolerance in PEM fuel cells: electrochemical and in situ synchrotron spectroscopy[END_REF][START_REF] Gasteiger | Activity benchmarks and requirements for Pt, Pt-alloy, and non-Pt oxygen reduction catalysts for PEMFCs[END_REF][START_REF] Bing | Nanostructured Pt-alloy electrocatalysts for PEM fuel cell oxygen reduction reaction[END_REF] Platinum has received a tremendous amount of interest as an electrocatalyst for PEMFC applications due to its properties, such as (i) excellent electrocatalytic activity towards the hydrogen oxidation reaction (HOR) and the oxygen reduction reaction (ORR); (ii) great mechanical stability; and (iii) high corrosion resistance in aqueous electrolytes over a wide range of pH and potential values. 6 -12 However, Pt-based catalysts still undergo slow but unavoidable degradation (especially at high anodic potential values), which translates into irreversible materials losses and decrease of PEMFCs' performance. Consequently, the high cost and low durability of Pt-based cathode materials are the two main challenges that hinder broad commercial implementation of PEMFCs in electrical energy generation for transportation and other purposes. [START_REF] Schonvogel | Stability of Pt Nanoparticles on Alternative Carbon Supports for Oxygen Reduction Reaction[END_REF][START_REF] Colón-Mercado | Stability of platinum based alloy cathode catalysts in PEM fuel cells[END_REF][START_REF] Shao | Understanding and approaches for the durability issues of Ptbased catalysts for PEM fuel cell[END_REF][START_REF] Debe | Electrocatalyst approaches and challenges for automotive fuel cells[END_REF] Because of these limitations, there exists an urgent need for the development of new electrode materials that would offer excellent catalytic activity, while having a lower Pt loading, thus a reduced cost. Platinum-based alloys, which contain non-noble transition metals, such as Ni, Co, Fe, and Cu, have attracted significant attention due to a lower starting cost and good catalytic activity. Because pure Pt catalysts employed in PEMFCs are in the form of nanoparticles, it is important to synthesize, characterize and test Pt-containing catalysts that are also nanoscopic in nature. The small size of PEMFC catalysts gives rise to a large specific surface area and effective utilization of the material.

Platinum-nickel (PtNi) and platinum-cobalt (PtCo) nanoparticles (NPs) have attracted a lot of interest as PEMFC catalysts due to their high activity. Because the alloying element (Ni or Co) are known is unstable in aqueous acidic media, it is important to understand the corrosion behavior of PtNi and PtCo nanomaterials. [START_REF] Lankiang | Oxygen reduction reaction at binary and ternary nanocatalysts based on Pt, Pd and Au[END_REF][START_REF] Sugawara | Dissolution Mechanism of Platinum in Sulfuric Acid Solution[END_REF][START_REF] Mayrhofer | Fuel cell catalyst degradation on the nanoscale[END_REF][START_REF] Mayrhofer | Degradation of Carbon-Supported Pt Bimetallic Nanoparticles by Surface Segregation[END_REF] Polarization curves are widely used to study the aqueous corrosion of metallic materials.

However, this approach has never been routinely employed to investigate the corrosive degradation of Pt-based nanomaterials used as electrocatalysts. Polarization curves are acquired at very low potential scan rates (s < 1 mV s -1 and ideally at s = 0.1 mV s -1 ) to simulate steadystate conditions and over a broad potential range, covering also the region of the hydrogen evolution and oxygen evolution reactions (HER, OER). In the case of materials undergoing aqueous corrosion, they facilitate the determination of the corrosion potential (E corr ) and corrosion current density (j corr ), identification of the regions of cathodic and anodic activity, the existence of active-passive transition, and the extent of passive region (if applicable). [START_REF] Mansfeld | Tafel slopes and corrosion rates obtained in the pre-Tafel region of polarization curves[END_REF][START_REF] Stern | A Method For Determining Corrosion Rates From Linear Polarization Data[END_REF][START_REF] Mansfeld | Tafel Slopes and Corrosion Rates from Polarization Resistance Measurements[END_REF][START_REF] Scully | Polarization Resistance Method for Determination of Instantaneous Corrosion Rates[END_REF][START_REF] Mansfeld | Advances in Corrosion Science and Technology[END_REF][START_REF] Lorenz | Determination of corrosion Rates by Electrochemical DC and AC methods[END_REF] In this contribution, we report on the corrosion behavior of PtNi-NPs and PtCo-NPs prepared using the "water-in-oil" microemulsion method. These NPs were characterized using transmission electron microscopy (TEM) and X-ray diffraction (XRD). In the case of carbonsupported PtNi-NPs and PtCo-NPs, the Pt loading was evaluated by thermogravimetric analysis (TGA); the Pt/Ni and Pt/Co ratios were determined by employing atomic absorption spectroscopy (AAS). Static Density Functional Theory (DFT) calculations were carried out to examine the structures and energetics of the PtNi and PtCi systems. Cyclic voltammetry (CV) measurements were performed to characterize their specific surface area (A s ) and its evolution due to corrosion. Potentiodynamic polarization (PDP) and CV were jointly used to examine their electrochemical and corrosion behaviors in aqueous H 2 SO 4 solution. Potentiodynamic polarization experiments were conducted in both the anodic (positive going) and cathodic (negative going) directions, and in electrolytes saturated with N 2 , H 2 , or O 2 . In-situ confocal Raman spectroscopy was employed to characterize the PtNi-NPs and PtCo-NPs in the potential region of surface oxide formation and reduction. The new results reported here represent an original contribution to platinum electrochemistry and electrocatalysis, and are of importance to the PEMFC science and technology.

EXPERIMENTAL SECTION

Preparation of Unsupported PtNi and PtCo Nanoparticles. PtNi-NPs and PtCo-NPs were synthesized using the "water-in-oil" microemulsion method. The oil phase was prepared by mixing 37.0 g of n-heptane (Sigma Aldrich, HPLC grade) and 16.1 g of polyethylene glycol dodecyl ether (Brij ® L4, Sigma Aldrich) as a surfactant under continuous stirring condition until a homogeneous solution was obtained. To prepare the aqueous phase containing Pt 4+ and Ni 2+ , first dihydrogen hexachloropalatinate (IV) hexahydrate (99.95 %, Alfa Aesar) was dissolved in ultra-high purity water (Milli Q ® , Millipore 18.2 MΩ cm in resistivity) to obtain an aqueous H 2 PtCl 6 solution having a molar concentration of 0.10 mol L -1 (the solution No. 1). Then, nickel (II) chloride hexahydrate (99.999 %, Sigma Aldrich) was dissolved in ultra-high purity water to obtain a solution having a molar concentration of 0.10 mol L -1 (the solution No. 2). These two solutions were mixed together at pre-determined proportions to obtain an aqueous phase containing Pt 4+ and Ni 2+ with a Pt 4+ /Ni 2+ atomic ratio of 7/3. Preparation of an aqueous phase containing Pt 4+ and Co 2+ with a Pt 4+ /Co 2+ atomic ratio of 7/3 was accomplished using the same procedure as described above but using cobalt sulfate heptahydrate (99-102%, Fluka) for the solution No. 2. A 1.6 mL aliquot of the aqueous phase solution was added to the oil phase under continuous-stirring condition until a translucent and stable microemulsion was obtained. Solid sodium borohydride (NaBH 4 , 99 % purity, Sigma Aldrich) was added in a large excess (ca. 100 mg) to the mixture to reduce Pt 4+ and Ni 2+ /Co 2+ . After completion of the reduction of metallic cations, cleaning of the NPs was carried out by repetitive soaking in acetone, ethanol, and then ultra-high purity water (at least 5 times in each solvent). After each individual soaking step, the NPs were separated from the solvent by allowing them to settle at the bottom of a glass bottle and removing the solvent. After the last soaking step, the concentrated dispersion of NPs in water was used as an ink. Prior to applying it, the ink was sonicated using an ultrasonic bath to ensure uniform dispersion of the NPs.

Preparation of Carbon-Supported PtNi-NPs and PtCo-NPs. In order to prepare carbonsupported NPs, the "water-in-oil" microemulsion method was applied until the end of the reduction step (see the above description). Following the reduction step, carbon (Vulcan XC72, CABOT) pre-treated under N 2 (g) at 400°C for 4 hrs was added to the colloidal solution in a predetermined amount in order to reach 40 wt% metal loading; the entire colloidal solution was sonicated for 15 min using an ultrasonic bath. Finally, the mixture containing the carbonsupported nanocatalysts was filtered using a hydrophilic PVDF membrane with 0.22 μm pore diameter (Millipore). Afterwards, the nanocatalysts were washed several times with acetone and ultra-high purity water (at least 5 times with each solvent). Then, the nanocatalysts were dried in an oven at 60 °C overnight. In the final step, the catalytic powder was thermally treated in an oven at 200 °C for 2 hrs under air condition to remove any possible remaining surfactant through combustion.

X-Ray Diffraction (XRD) Analysis. XRD patterns were acquired using a PANalytical

Empyrean X-ray diffractometer. Measurements were performed from 2θ = 20 ° to 2θ = 110 ° in a step mode, with each step being 0.06 ° and using a fixed acquisition time of 10 s per step.

Transmission Electron Microscopy (TEM) Characterization. TEM analysis was performed using a JEOL JEM 2100 (UHR) microscope with a resolution of 0.19 nm. The size distribution of the PtNi-NPs and PtCo-NPs as well as their average sizes were determined using the Feret's diameter and by counting 500 isolated NPs applying the ImageJ free software. 27 

Thermo-Gravimetric Analysis (TGA).

In the case of carbon-supported NPs, TGA measurements were carried out to accurately determine the metal loading using a TA instrument model SDT Q 600. The measurements involved gradual heating of the sample from 25 C to 900 °C at a heating rate of 10 °C min -1 in air, with its flow rate being 100 mL min -1 .

Atomic Absorption Spectroscopy (AAS). AAS analyses were carried out using a Perkin Elmer AA200 atomic absorption spectrometer. They were conducted to accurately evaluate the Pt/Ni and Pt/Co atomic ratios and to determine whether the final composition of the NPs agreed with the target value. These measurements were performed on the PtNi and PtCo nanocatalysts after their complete dissolution in an acidic solution comprising concentrated HNO 3 , HF, and HCl.

The dissolution of NPs was achieved under microwave irradiation conditions and in a sealed Teflon reactor, and the process took 1 hr.

Density Functional Theory Modelling. Static DFT calculations were performed with the exchange-correlation functional of Perdew, Burke, and Ernzerhof. [START_REF] Perdew | Generalized Gradient Approximation Made Simple[END_REF] A set of plane waves, expanded to a kinetic energy cutoff of 45 Ry, was employed to represent the valence electrons.

Projector augmented potentials were used to represent the effects of the core electrons. [START_REF] Blochl | Projector augmented-wave method[END_REF] The In-situ Confocal Raman Microscopy Characterization. Raman spectra were acquired using a HORIBA iHR320 spectroscopic confocal Raman microscope. In-situ Raman spectra were acquired during anodic-going (0.05 V  1.45 V) and cathodic-going (1.45 V  0.05 V) potential transients, respectively; the potential scan rate was s = 0.20 mV s -1 . The Raman spectra were acquired at a potential interval of 50.0 mV with each measurement lasting 200 s. Because during a time interval of 200 s the applied potential changes from one potential to another, it is assigned to a potential which is an average of these two (i.e., the spectrum recorded from 0.60 V to 0.64 V is assigned to the potential of 0.62 V).

models

Electrochemical Characterization.

Electrochemical measurements were conducted in conventional, three-electrode and two-compartment electrochemical cells at room temperature (Figure SI1). A reversible hydrogen electrode (RHE) was used as a reference electrode (RE) and all potential values are reported on the RHE scale. A glassy carbon plate with a geometric surface area of ca. 3 cm 2 was used as a counter electrode (CE). Its surface area was significantly greater than that of the working electrode (WE). The WE was prepared by dispensing 3.00 μL of a catalytic ink onto a glassy carbon disk (0.300 cm in diameter) polished to a mirror-like finish and having a geometric surface area of 0.0707 cm 2 . A catalytic ink was prepared as follows.

First, 17.7 mg of PtNi/C or PtCo/C catalytic powder was added to 2.646 mL of ultra-high purity water and was homogenized in an ultrasonic bath for ca. 15 min. Then, 354 μL of commercial suspension of Nafion in aliphatic alcohols (5 wt%, Sigma Aldrich) was added to the abovedescribed suspension and was homogenized in an ultrasonic bath for ca. 30 s; the final volume of the ink was 3.00 mL. The placement of 3.00 L of the ink on 0.0707 cm Then, ten CV profiles were recorded in the 0.05 V ≤ E ≤ 1.45 V range at s = 50.0 mV s -1 .

Subsequently, an anodic or cathodic polarization curve was acquired in the -0.10 V ≤ E ≤ 2.00 V range at s = 0.10 mV s -1 . Prior to introducing a reactive gas (here O 2 (g) or H 2 (g)), the cleanliness of the experimental setup (the cell, electrodes, electrolyte) was verified by acquiring a CV profile in the presence of N 2 (g). Afterwards, the required reactive gas was purged through the WE compartment for ca. 30 min prior to acquiring a polarization curve. Each experiment was repeated at least three times to validate the reproducibility of results. Stability of the PtNi and PtCo nanocatalysts was examined by recording 500 CV transients in the 0.05 V ≤ E ≤ 1.45 V range in 0.50 M aqueous H 2 SO 4 solution outgassed using N 2 (g) at s = 50.0 mV s -1 .

The electrochemically active surface area (A ecsa ) of the PtNi-NPs and PtCo-NPs was evaluated by determining the charge associated with the adsorption and desorption of the under-potential deposited H (H UPD ) and then relating it to the standard charge density associated with the formation of a saturation layer of H UPD . The validity of this approach and any associated experimental uncertainty are discussed in the Results and Discussion.

RESULTS AND DISCUSSION

Physical and Chemical Characterization of the PtNi and PtCo Nanoparticles.

Thermogravimetric analysis (TGA) was employed to accurately determine the metal loading of the nanocatalysts, which was found to be 38. Figures 1A and1B show XRD patterns for the carbon-supported PtNi-NPs and PtCo-NPs, respectively, for 20 ≤ 2 ≤ 110 (the black points). These patterns were deconvoluted using a pseudo-Voigt fitting by means of a computer refinement program (Fityk free software). [START_REF] Wojdyr | Fityk: a general-purpose peak fitting program[END_REF] All the diffraction peaks were indexed to the face centered cubic (FCC) structure of Pt and their position was consistent with the JCPDS 04-0802 card, except for the peak at 25, which was attributed to the {002} set of planes of the turbostratic graphite. [START_REF] Zhu | The effect of pitch-based carbon fiber microstructure and composition on the formation and growth of SiC whiskers via reaction of such fibers with silicon sources[END_REF] The peak assignments according to the 11 JCPDS 04-0802 card are presented as vertical, blue lines in Figure 1. The fitted curves for the PtNi-NPs and PtCo-NPs are presented as the green and pink profiles, respectively, and are observed to closely follow the experimental data thus corroborating the deconvolution procedure.

The average lattice constant (a) of the two bimetallic catalysts was calculated using Bragg's equation and was found to be a = 0.388 ± 0.001 nm for the PtNi-NPs and a = 0.389 ± 0.001 nm for the PtCo-NPs. Their slightly lower values of the lattice constant, compared to that of the Pt-NPs (a = 0.391 ± 0.002 nm), [START_REF] Tahmasebi | How Stable Are Spherical Platinum Nanoparticles Applied to Fuel Cells?[END_REF] In these graphs, the x-axis is the applied potential (E measured vs. RHE) and the y-axis is a logarithm of the absolute value of the current density (logj). Three different gases were used in order to evaluate whether the nature of the dissolved gas has any impact on the corrosion of the PtNi and PtCo nanocatalysts. The corrosion parameters are summarized in Table 3 and the respective values are reported with their experimental uncertainties.

Corrosion Behavior in the Electrolyte Saturated with N 2 (g). Figures 9A and 9B present the anodic polarization curves for the carbon-supported PtNi-NPs and PtCo-NPs, respectively, in the electrolyte aturated (outgassed) with N 2 (g). The current density at E < 0.00 V is due to the HER.

The two transients reveal a well-defined minimum (the corrosion potential, E corr ) at E corr = 0.40

V and E corr = 0.47 for the PtNi-NPs and PtCo-NPs, respectively. The corresponding values of the corrosion current density (j corr ) are j corr = 14 nA cm -2 and j corr = 25 nA cm -2 . The values of E corr and j corr are summarized in Table 3. These results show that the PtCo-NPs corrode almost twice as fast as the PtNi-NPs. At potentials greater than 1.23 V, the observed current density is mainly due to the OER. A maximum is observed at E = 1.80 V and past this potential the value of logj decreases. This is attributed to oxidation of the carbon support (to CO 2 ) and a partial loss of electrical contact between the support and the nanoparticles, which translates into a loss of A ecsa at which the OER occurs. [START_REF] Sellin | Effects of Temperature and Atmosphere on Carbon-Supported Platinum Fuel Cell Catalysts[END_REF] A comparison of the two transients reveals that the PtNi-NPs and PtCo-NPs show very similar corrosion characteristics during anodic polarization measurements. Figures 9C and 9D present the cathodic polarization curves for the carbonsupported PtNi-NPs and PtCo-NPs, respectively, in the electrolyte saturated (outgassed) with N 2 (g). Because these measurements commence at E U = 2.00 V, a surface oxide layer develops immediately creating a passive state. The application of high anodic potentials also gives rise to Pt/Pt oxide dissolution and oxidation of the carbon support. Due to the presence of a surface oxide layer, the OER occurs not on metallic nanoparticles but on nanoparticles covered with a layer of a surface oxide. The initially large value of logj is mainly due to the OER and as the applied potential decreased, less oxygen is generated and, consequently, the observed logj is progressively smaller. The two cathodic polarization transients show a well-defined minimum at E corr = 1.52 V and E corr = 1.56 V for the PtNi-NPs and PtCo-NPs, respectively. The corresponding values of the corrosion current density (j corr ) are j corr = 6.3 nA cm -2 and j corr = 16

nA cm -2 . The values of E corr and j corr are summarized in Table 3. Again, these results show that the PtCo-NPs corrode more than twice faster than the PtNi-NPs. The cathodic polarization transients reveal a local maximum at ca. E = 0.50 V that can be attributed to the reduction of the Pt surface oxide as well as to reduction of quinone groups to hydroquinone ones on the surface of the carbon support. As in the case of the anodic polarization curves, the current density at E < 0.00 V is due to the HER. Again, a comparison of the two transients reveals that the PtNi-NPs and PtCo-NPs show very similar corrosion characteristics during anodic polarization measurements. It is important to mention that the values of j corr are higher in the case of the anodic (positive-going) polarization measurements that in the case of the cathodic ones due to the metallic nature of the nanoparticles.

Corrosion Behavior in the Electrolyte Saturated with H 2 (g). Figures 10A and 10B present the anodic polarization curves for the carbon-supported PtNi-NPs and PtCo-NPs, respectively, in the electrolyte saturated with H 2 (g). The current density at E < 0.00 V is due to the HER and the current density at E > 0.00 V is due to the HOR. The latter quickly reaches a limiting current density value (logj HOR,lim ) at E = 0.10 V, which is -4.16 and -4.05 for the two types of nanoparticles. A comparison of these two values indicates that the PtCo-NPs are slightly more active towards the HOR than the PtNi-NPs. It is interesting and important to emphasize that the rate of the HER is much higher that that of the HOR. In the case of HER, the current density can exceed this limiting current density since H 2 (g) formed at the electrode surface can diffuse into the electrolyte bulk in the form of gas bubbles once the saturation concentration is reached. The value of logj remains constant in the 0.10 V  E  1.00 V range. The two transients do not show any minimum that could be attributed to corrosion of the nanocatalysts; thus, it is concluded that the two types of nanocatalysts do not corrode in the electrolyte saturated with H 2 (g). In the case of E > 1.0 V, the value of logj decreases significantly due to the formation of Pt surface oxide on the nanoparticles indicating that the oxidized PtNi-NPs and PtCo-NPs are less active towards the HOR than the metallic ones. A local minimum at ca. 1.5 V is observed in both cases. Beyond this potential value the current density slightly increases due to the concurrently occurring OER, HOR, and surface oxide formation. We are unable to attribute individual values to each of them, although the OER is most likely the predominant process. An analysis of the polarization transients suggests that the carbon support also does not undergo corrosion. This observation is supported by a comparison of the standard potential values of the CO 2 (g),H + (aq)/C(s) and H + (aq)/H 2 (g) redox couples, which are 0.206 V and 0.000 V, respectively. [START_REF] Bard | Standard Potentials in Aqueous Solution[END_REF] Figures 9C and 9D present the cathodic polarization curves for the carbonsupported PtNi-NPs and PtCo-NPs, respectively, in the electrolyte saturated with H 2 (g). A large current density in a narrow range close to E U = 2.00 V is attributed to the OER (a major contribution) and the HOR (a minor contribution). In the 0.10 V  E  1.90 V range, the value of logj is practically constant and is attributed to the HOR; the value of logj HOR,lim  for the PtNi-NPs and PtCo-NPs is -4. The current density at E < 0.00 V is due to the HER and the simultaneously occurring ORR. As the applied potential approaches E = 0.00 V, the contribution due to the HER decrease but the ORR still takes place. In the 0.10 V ≤ E ≤ 0.80 V range the current density is only due to the ORR and practically constant (limiting). The value of logj ORR,lim  for the PtNi-NPs and PtCo-NPs is -3.9 and -3.7, respectively. Because in this potential range the nanocatalysts maintain their metallic character, these values of logj ORR,lim  refer to metallic PtNi-NPs and PtCo-NPs. At E > 0.80 V, the value of logj decreases significantly due to the surface oxide formation that is less active towards the ORR than the metallic NPs. Both anodic polarization transients reveal a well-defined minimum at E corr = 1.04

V and E corr = 1.02 V for the PtNi-NPs and PtCo-NPs, respectively. The respective values of the corrosion current density are j corr = 200 nA cm -2 and j corr = 500 nA cm -2 . The values of E corr and j corr are summarized in Table 3. It is interesting to observe that the two values of E corr are almost identical, while the value of j corr differ by a factor of 2.5, with the PtCo-NPs being less stable than the PtNi-NPs when the electrolyte is saturated with O 2 (g) and the NPs are partly oxidized (covered with a thin oxide layer). The rate of corrosion of the PtNi-NPs is 14 times higher in the electrolyte saturated with O 2 (g) than in that saturated (outgassed) with N 2 (g). Similarly, the rate of corrosion of the PtCo-NPs is 20 times higher in the electrolyte saturated with O 2 (g) than in that saturated (outgassed) with N 2 (g). At E > 1. these measurements commence at E U = 2.00 V, a surface oxide layer develops immediately passivating the nanocatalysts. It is important to mention that the application of high anodic potentials also gives rise to Pt/Pt oxide dissolution and oxidation of the carbon support. A large current density in a narrow range close to E U = 2.00 V is mainly attributed to the OER, although there is a small contribution due to the surface oxide formation. Because the NPs are covered with a surface oxide layer, the OER takes place not on metallic nanoparticles but on nanoparticles covered with a layer of surface oxide. The value of logj gradually decreases as the applied potential is reduced with progressively less O 2 (g) being generated. The two cathodic polarization transients show a well-defined minimum at E corr = 1.50 V and E corr = 1.12 V for the PtNi-NPs and PtCo-NPs, respectively. The corresponding values of the corrosion current density are j corr = 10 nA cm -2 and j corr = 18 nA cm -2 . The values of E corr and j corr are summarized in Table 1. These results show that the PtCo-NPs corrode about twice faster than the PtNi-NPs.

The cathodic transients do not reveal any unique features in the 0.00 ≤ E ≤ E corr range and the gradual increase in logj is due to the rising rate of the ORR. However, the values of logj for the ORR in the cathodic transients are lower than in the case of the anodic transients due to the degradation (oxidation and dissolution of NPs, loss of A ecsa ) of the nanocatalysts. As in the case of the anodic polarization curves, the current density at E < 0.00 V is due to the concurrently occurring HER and ORR.

In order to facilitate a comparison of the results obtained in the presence of different gases, we combine the anodic and cathodic polarization transients and present them in Figures 12A and12C (for the carbon-supported PtNi-NPs) and 12B and 12D (for the carbon-supported PtCo-NPs). The results clearly demonstrate that the nature of the dissolved gas has a profound impact on the polarization behavior of the nanocatalysts and on their corrosion in the 0.50 M aqueous H 2 SO 4 solution. The nanocatalysts do not undergo corrosion in the H 2 SO 4 solution saturated with H 2 (g) but undergo corrosion in the same electrolyte saturated with N 2 (g) or O 2 (g).

The influence of the nature of dissolved gas (Ar, H 2 and O 2 ) on Pt dissolution was investigated by Topalov et al. [START_REF] Topalov | The impact of dissolved reactive gases on platinum dissolution in acidic media[END_REF] using a flow cell connected to an ICP-MS instrument. They reported that the dissolution behaviour of Pt was practically identical in the electrolyte solution (0.1 M HClO 4 ) saturated with O 2 (g), H 2 (g), or Ar(g). Dubau et al. [START_REF] Dubau | An identical-location transmission electron microscopy study on the degradation of Pt/C nanoparticles under oxidizing, reducing and neutral atmosphere[END_REF] also investigated the influence of the dissolved gas (Ar, CO and O 2 ) and observed that dissolution of Pt-NPs (associated with Oswald ripening) was enhanced in the presence of an inert dissolved gas (Ar). They also observed that a dissolved reducing gas (i.e., CO) improved the mobility of the Pt-NPs on the carbon support.

Finally, the presence of a dissolved oxidizing gas (i.e., O 2 ) led to significant detachment of Pt-NPs due to corrosion of the carbon support. At lats, they also showed that 3D Ostwald ripening, involving a Pt dissolution step, was also operating in O 2 -saturated electrolyte. The corrosion currents measured in the present contribution demonstrate a higher Pt dissolution rate in the presence of dissolved O 2 versus dissolved N 2 . Thus, our results support the observations of Dubau et al. [START_REF] Dubau | An identical-location transmission electron microscopy study on the degradation of Pt/C nanoparticles under oxidizing, reducing and neutral atmosphere[END_REF] and contradict the observations of Topalov et al. [START_REF] Topalov | The impact of dissolved reactive gases on platinum dissolution in acidic media[END_REF] The report of Topalov et al. [START_REF] Topalov | The impact of dissolved reactive gases on platinum dissolution in acidic media[END_REF] that the nature of the dissolved gas (they used Ar(g), H 2 (g) and O 2 (g)) had no impact on the dissolution behavior of Pt-NPs contradicts some of the most fundamental concepts of electrochemistry. Specifically, the values of the standard potential (E) of the Pt 2+ /Pt, Pt 4+ /Pt, PtO,H + /Pt and PtO 2 ,H + /Pt 2+ redox couples are 1.188 V, 1.150 V, 0.980 V, and 0.837 V, respectively. [START_REF] Bard | Standard Potentials in Aqueous Solution[END_REF] These values are much higher than the standard potential of the H + /H 2 redox couple that is 0.00 V. Thus, it is inconceivable that Pt-NPs would dissolve in an aqueous electrolyte saturated with H 2 (g), unless they underwent physical detachment from the substrate and were then detected or another process occurred. Evolution of the Cyclic-Voltammetry Behavior in the Electrolyte Saturated with N 2 (g). Figure 13 shows that the value of I due to the double-layer charging is greater after the polarization measurements than prior to them. This is assigned to an increase in the carbon surface area due to the creation of porosity as a result of its corrosion. There are small features attributed to the oxidation of hydroquinone to quinone and vice versa. The CV profiles reveal the usual features due to the adsorption and desorption of H UPD as well as the formation and reduction of Pt surface oxide. However, their intensity somewhat decreases because of slight dissolution of the nanocatalysts, which reduces the electrochemically active surface area (A ecsa ). The observation of the usual CV features and the small reduction in A ecsa indicate that the degradation of the PtNi and PtCo nanocatalysts is minimal.

Evolution of the

Evolution of the Cyclic-Voltammetry Behavior in the Electrolyte Saturated with H 2 (g). Figure 14 reveals that the value of I due to the double-layer charging is greater after the polarization measurements than prior to them. Again, this is assigned to an increase in the carbon surface area due to the creation of porosity, but in presence of hydrogen likely from decarboxylation and dehydration reactions. ). The initial values of the specific surface area (prior to the potential cycling) were A s,i = 74.5 m 2 g Pt -1 and A s,i = 33.1 m 2 g Pt -1 for the PtNi-NPs and PtCo-NPs, respectively. We determined the values of A s and then calculated the A s /A s,i ratio (the normalized specific surface area). Figure 16C shows the evolution of the A s /A s,i ratio as a function of the number of potential transients. In both cases, the value of A s /A s,i decreases with the increasing number of potential transients and the trend is similar for both types of nanocatalysts. The results indicate that both types of nanocatalysts lose more than 50% of their initial surface area (both A ecsa and A s ) after already 500 transients but the PtNi-NPs are slightly more stable. This observation is supported by the corrosion data presented in Table 3.

At this stage of the discussion it is necessary to comment on the validity of the A ecsa and A s determination that employs evaluation of the charge associated with the adsorption and desorption of the under-potential deposited H (H UPD ). Elsewhere, it was discussed that the determination of A ecsa , and consequently A s , should involve the charge due to H UPD adsorption and desorption as well as the charge due to CO oxidative desorption (stripping). [START_REF] Van Der Vliet | Unique Electrochemical Adsorption Properties of Pt-Skin Surfaces[END_REF] The authors proved that in the case of Pt and PtNi nanomaterials the values obtained using these two approaches agree to within 5% or better. In the case of PtNi skin nanomaterials, the discrepancy between these two approaches can be as large as 42%. Because in the case of the PtNi-NPs and PtCo-NPs reported in this contribution there is no Ni or Co in the surface region, Pt is the main constituent of the skin of the nanoparticles. Thus, we are convinced that the approach employed in our study is acceptable and that the experimentally determined values of A ecsa and A s are correct to within the experimental uncertainty of ca. 5%.

CONCLUSIONS

Randomly oriented but sphere-like platinum-nickel and platinum-cobalt nanoparticles (PtNi-NPs, PtCo-NPs) were successfully synthesized using the water-in-oil microemulsion method and characterized using a range of physical and electrochemical techniques. In the case of the carbon-supported NPs, the target value of the metal loading was 40% and TGA measurements were employed to determine the actual value of the metal loading, which was found to be 38. 

  used in the calculations were formed by creating a 2 × 2 × 3 reproduction of the unit cell of Pt, and randomly replacing 14 of the 48 Pt atoms in the resulting simulation cell with Ni or Co atoms. This cell was then treated with three-dimensional periodic boundary conditions to represent a bulk material. The composition of the simulation cell yields a Pt/Ni and Pt/Co atomic ratio of 2.43, which is very close to the values obtained from the atomic absorption spectroscopy (AAS) investigations. These atomic ratios also correspond approximately to systems containing 7 Pt atoms and 3 Ni or Co atoms. A 3 × 3 × 2 k-point grid was used to integrate the Brillouin zone according to the Monkhorst-Pack method.[START_REF] Monkhorst | Special points for Brillouin-zone integrations[END_REF] 

  points to the formation of Pt-Ni and Pt-Co alloys with Ni or Co atoms periodically replacing Pt atoms in its crystallographic lattice. The average crystallite size (the Scherrer length, L v ) of the NPs was calculated using the mean diameter value obtained for different planes employing the Scherrer equation; it was found to be 2.3 nm for both the PtNi-NPs and PtCo-NPs.Transmission electron microscopy images were acquired in order to evaluate the particles' shape, size and size distribution. Figures2A and 2Bpresent TEM images for the carbonsupported PtNi-NPs and unsupported PtNi-NPs, respectively; Figures3A and 3Bshow analogous TEM images for the PtCo-NPs. These images demonstrate that both the PtNi-NPs and PtCo-NPs have a sphere-like shape. Figures 2C and 3C present histograms of the particle size distribution prepared on the basis of the TEM analyses. These results indicate that the average size of the PtNi-NPs and PtCo-NPs is 3.3 nm and 3.2 nm, respectively. These values are significantly higher than the average crystallite size determined using XRD (2.3 nm) indicating that the PtNi-NPs and PtCo-NPs consists of more than one crystallite and are polycrystalline in nature.Density Functional Theory (DFT) Modelling of PtNi and PtCo Nanoparticles. The structures and energetics of the PtNi and PtCo systems were investigated by performing DFT calculations. Table1presents the cell parameters obtained from the DFT calculations, as well as the structural and energetic features of the systems. Table2 presentsthe interatomic distances and the cohesive energies of the pure materials. A typical representation of the DFT cell with the definition of the interatomic distances is provided in Figure 4. The minimum interatomic distances between the Pt atoms in the PtNi and PtCo systems are 2.78 Å and 2.79 Å, respectively. These values are very close to the minimum interatomic distance obtained for pure, bulk Pt (2.82 Å), which indicates that the crystal structures of the PtNi and PtCo systems are mainly determined by the original Pt structure. Interestingly, the minimum Ni-Ni and the Co-Co interatomic distances in the alloys are 2.74 Å and 2.73 Å, respectively, which are larger than the corresponding distances in the pure metals (2.48 and 2.51 Å, respectively). This observation further demonstrates that the crystallographic structure of Pt is largely preserved in the alloys where Ni and Co atoms fill the voids obtained by removing some of the Pt atoms without significantly affecting the overall structure. It is noted that the Pt-Ni and Pt-Co minimum distances are also in the range of the Ni-Ni and Co-Co interatomic distances. The locations of the Ni and Co atoms within the 2 × 2 × 3 cell is the outcome of the DFT modelling. At the present time it is a proposal that awaits validation using extremely high-resolution materials characterization techniques.The cohesive energies of the PtNi and PtCo systems obtained from the DFT calculations are -5.39 eV atom -1 and -5.44 eV atom -1 , respectively. These values are larger than the cohesive energies obtained for pure Ni (-4.92 eV atom -1 ) and pure Co (-4.95 eV atom -1 ) and are closer to the cohesive energy of pure Pt (-5.53 eV atom -1 ). This is not surprising because Pt is the predominant element in the alloys. However, the relatively large cohesive energies of the PtNi and PtCo systems indicate that the Pt-Ni and Pt-Co interactions are also strong. The reaction energies associated with the formation of the PtNi and PtCo systems from the bulk materials (not from isolated atoms) were obtained from the DFT energies for the reactions presented in eq 1 and 2: 7 Pt (bulk) + 3 Ni (bulk)  Pt 7 Ni 3(bulk) ΔE = -0.38 eV (-36.7 kJ mol -1 ), (1) 7 Pt (bulk) + 3 Co (bulk)  Pt 7 Co 3(bulk) ΔE = -0.71 eV (-68.5 kJ mol -1 ). (2) The values of ΔE obtained from DFT clearly indicate that the formation of the PtNi and PtCo systems from the bulk materials is energetically favorable presumably due to the presence of strong Pt-Ni and Pt-Co interactions. Overall, results of the DFT calculations indicate that the PtNi and PtCo systems are energetically stable and both have similar structural and energetic features. This resemblance is due to the similarity between the pure Ni and Co structures and cohesive energies; it is also due to the fact that the structures of the PtNi and PtCo systems are determined by Pt, which is the dominant element in both systems. In fact, the presence of Ni and Co results in a size reduction of only ca. 8% in volume, compared to pure Pt, in both systems. The lattice constant values obtained from XRD analyses for the PtNi-NPs and PtCo-NPs represent a 2% reduction in volume only, thus smaller than the calculated value. This discrepancy in the lattice constant reduction is commonly observed for PtNi and PtCo alloys. 34 -36 Considering that the NPs composition determined from AAS is close to the target composition, this difference can be attributed to an inhomogeneous composition of NPs. A reasonable explanation of the abovementioned discrepancy is that the PtNi-NPs and PtCo-NPs can have well-crystallized, Ptenriched domains and less well-crystallized, Ni or Co-enriched domains. Such structural domains would give rise to a smaller measured volume reduction. It is also important to add that the DFT calculations were performed on a 2 × 2 × 3 unit cell, which was then treated with three-dimensional periodic boundary conditions to represent a bulk material. This approach cannot reproduce the boundary effects (surface effects) of 3.2 to 3.3 nm size nanoparticles, which can affect the Ni and Co distribution inside the nanoparticles. Electrochemical and In-situ Raman Spectroscopy Characterization. Figures 5A and 5B

  present CV profiles for the carbon-supported PtNi-NPs acquired in 0.50 M aqueous H 2 SO 4 solution outgassed with N 2 (g) and at T = 298 K and at two different potential scan rates, namely 5.00 and 50.0 mV s -1 , respectively; Figures6A and 6Bshow analogous results for the carbonsupported PtCo-NPs. An analysis of the CV profiles leads to the following observations: (i) the cathodic and anodic CV features in the 0.05 V ≤ E ≤ 0.40 V range correspond to the adsorption and desorption of the under-potential deposited H (H UPD ); (ii) the anodic feature observed in the 0.80 V ≤ E ≤ 1.45 V range is assigned to the formation of Pt surface oxide; (iii) the cathodic feature in the 0.60 V ≤ E ≤ 1.10 V range corresponds to the Pt surface oxide reduction; and (iv) the anodic feature observed in the 0.40 V ≤ E ≤ 0.70 V range is attributed to the oxidation of hydroquinone groups to quinone ones on the carbon surface;[START_REF] Álvarez | Electrochemical stability of carbon nanofibers in proton exchange membrane fuel cells[END_REF] the reduction of these groups takes place in the 0.40 V ≤ E ≤ 0.70 V range but they are not discernable because they overlap the much larger CV feature attributed to the Pt oxide reduction.

  ) and cathodic (Figures7B and 8B) potential transients at a very low potential scan rate of s = 0.20 mV s -1 . Such a low potential scan rate was required for the system to be close to steady-state conditions and to facilitate the acquisition of Raman spectra (the acquisition of each Raman spectrum required 200 s). The spectra were recorded using an in-situ confocal spectroscopic Raman microscope coupled to a potentiostat; the experimental set-up facilitates simultaneous cyclic voltammetry and Raman spectroscopy measurements. The Raman spectra covered the 0.05 V  E  1.45 V range with a potential interval of 50.0 mV; a spectrum acquired prior to recording the CV profile at E = 0.40 V (i.e., in the double layer region) serves as a reference. The Raman spectra for the anodic transients presented in Figures 7A and 8A lead to the following observations: (i) an absorption band commences to appear at potentials greater than 0.90 V; it is attributed to the Pt surface oxide;[START_REF] Graham | Raman Investigation of Simple and Complex Oxides of Platinum[END_REF] (ii) the intensity of this Raman peak increases with an increase in the applied potential; and (iii) this peak undergoes a slight blue shift from 529 cm -1 to 550 cm -1 as the applied potential increases due to an increase in the crystallinity of the surface oxide layer. The Raman spectra for the cathodic transients presented in Figures 7B and 8B lead to the following observations: (i) an absorption band attributed to the Pt surface oxide is clearly visible, when the applied potential is in the 0.85 V  E  1.40 V range; (ii) the intensity of this Raman peak decreases as the applied potential is close to of a specific thickness and a certain degree of crystallinity needs to develop, even in patches (with nanoparticle facets playing the role of patches), to be detectable using confocal Raman spectroscopy. During the cathodic scan, the Raman feature disappears as soon as the potential value of 0.80 V or lower has been reached, although complete oxide reduction is achieved only at 0.50 V, as evidenced by CV measurements. This disappearance of Raman signal can be attributed to an interfacial process occurring in the 1.10 V-0.80 V range, which leads to a loss of crystallinity within the Pt surface oxide. It is important to emphasize that the crystallinity loss can be localized in the sense that it can take place at facets having specific surface orientations, thus without affecting the entire nanoparticle structure.Elsewhere,[START_REF] Tahmasebi | How Stable Are Spherical Platinum Nanoparticles Applied to Fuel Cells?[END_REF] we reported Raman spectra for Pt-NPs of similar size in the potential regions of the surface oxide formation and reduction. A comparison of those results to the Raman spectra shown in Figures7 and 8leads to the observation that in the case of the PtNi-NPs and PtCo-NPs the absorption band associated with the Pt surface oxide has higher Raman shift values and the blue shift is less pronounced. The blue shift can be attributed to two possible phenomena: (i) a higher degree of crystallinity in the surface oxide layer on the PtNi-NPs and PtCo-NPs than in the Pt-NPs; and (ii) a change in the lattice vibrational frequency of the Pt-NPs brought about by the incorporation of Ni or Co. In order to differentiate between these two explanations and to validate one of them, we determined the thicknesses of the oxide layer formed on the Pt, PtNi and PtCo NPs under the same experimental conditions and at s = 5.0 mV s -1 , and found that in the case of the Pt-NPs the amount of oxide was 1.1. equivalent monolayers of O, while in the case of the PtNi-NPs and PtCo-NPs it was 1.0 monolayer. Because in the case of the PtNi-NPs and PtCo-NPs the surface oxide layer is ca. 10% thinner and because the crystallinity of the oxide is related to its thickness, the blue shift of the absorption band cannot be associated with the oxide crystallinity. Therefore, we propose that the blue shift of the absorption band of the Pt surface oxide is due to a reduction of the Pt-Pt interatomic distance (a smaller value of the lattice parameter) caused by the presence of Ni or Co in the nanoparticles. This is expected because the values of the covalent radii of Pt, Ni and Co are 130, 117, and 118 pm, respectively. 41 Corrosion Behavior of PtNi and PtCo Nanoparticles. The corrosion behavior of nanoscopic Pt-based electrocatalysts is rarely examined and any existing data are limited to oxide formation and in some cases to Pt dissolution studies. 18-20 Corrosion behavior of the carbon-supported PtNi-NPs and PtCo-NPs was studied by recording polarization curves in 0.50 M aqueous H 2 SO 4 solution between a lower potential limit of E L = -0.10 V and an upper one of E U = 2.00 V at a very low potential scan rate of s = 0.10 mV s -1 and at T = 298 K. As explained in the Experimental section, anodic polarization refers to a transient from E L to E U and cathodic polarization refers to a transient from E U to E L . Figures 8 through 10 present anodic and cathodic polarization curves acquired in the presence of neutral and reactive gasses (i.e., N 2 (g), H 2 (g), and O 2 (g)).

  13 and -4.05, respectively. A comparison of these two values indicates that the PtCo-NPs are slightly more active towards the HOR than the PtNi-NPs. The value of logj decrease as the applied potential approaches E = 0.00 V. At E < 0.00 V the current density is due to the HER. The polarization transients do not show any minimum, thus indicating that in the case of cathodic (negative-going) polarization transients the PtNi-NPs and PtCo-NPs do not undergo corrosion in the 0.50 M aqueous H 2 SO 4 electrolyte saturated with H 2 (g). Corrosion Behavior in the Electrolyte Saturated with O 2 (g). Figures 11A and 11B present the anodic polarization curves for the carbon-supported PtNi-NPs and PtCo-NPs, respectively, in the electrolyte saturated with O 2 (g).

  3 V, the value of logj gradually increases due to the OER, reaches a local maximum at E = 1.80 V, and decreases past this potential. As in the case of the electrolyte saturated (outgassed) with N 2 (g), this is attributed to oxidation of the carbon support and a partial loss of A ecsa . A comparison of the two transients reveals that the PtNi-NPs and PtCo-NPs show very similar corrosion characteristics during anodic polarization measurements. Figures 10C and 10D present the cathodic polarization curves for the carbonsupported PtNi-NPs and PtCo-NPs, respectively, in the electrolyte saturated with O 2 (g). Because

  Cyclic-Voltammetry Behavior and the Specific Surface Area (A s ) of thePtNi and PtCo Nanoparticles. Figures 13 through 15 present CV profiles for the carbon-supported PtNi-NPs (A and C) and PtCo-NPs (B and D) prior to (solid profiles) and after (dashed profiles) the anodic and cathodic polarization measurements. The CV profiles in Figures13, 14, and 15 refer to the electrolyte solution saturated with N 2 (g), H 2 (g), and O 2 (g), respectively. All CV profiles referring to the anodic polarization measurements are annotated with the letters A and B, and those to the cathodic polarization measurements with the letters C and D.

  Such reactions were evidenced by TGA-MS measurements in H 2 (3 wt%)/Ar atmospheres from very low temperatures (from ambient to 400 °C), andDubau et al. observed that a decrease in the O/C ratio for Pt/C catalyst cycled in presence of dissolved reducing gas (i.e., CO). As in the case of the electrolyte saturated with N 2 (g), there are small features attributed to the oxidation of hydroquinone to quinone and vice versa. The CV profiles reveal the usual features due to the adsorption and desorption of H UPD as well as the formation and reduction of Pt surface oxide, but they are shifted upwards (towards more-positive current values) due to the presence of dissolved H 2 (g) and the additional current due to the HOR. There are no changes in the intensity of the CV features attributed to the adsorption and desorption of H UPD as well as the surface oxide formation and reduction. These observations support our previous conclusion that the Pt-containing nanocatalysts do not undergo corrosion in the electrolyte solution saturated with H 2 (g).Evolution of the Cyclic-Voltammetry Behavior in the Electrolyte Saturated with O 2 (g). The shape of the CV profiles presented in Figure15is very different from those shown in Figures13 and 14making difficult any analysis of the value of I in the double-layer charging region.However, one would expect the corrosion of the carbon support to be more pronounced in the electrolyte solution saturated with O 2 (g). In the case of the PtNi-NPs, we observe the usual features due to the adsorption and desorption of H UPD as well as the formation and reduction of Pt surface oxide, but their intensity decreases only slightly pointing to mild corrosion and a small reduction in A ecsa . However, in the case of the PtCo-NPs these features are not discernable after the polarization measurements indicating that these nanocatalysts undergo severe corrosion and the loss of A ecsa is substantial. The CV profiles have a dramatically different shape and are shifted downwards (towards more-negative current values) due to the presence of dissolved O 2 (g) and the additional current due to the ORR.Evolution of the Specific Surface Area (A s ) in the Electrolyte Saturated with N 2 (g). Polarization measurements as well as repetitive potential cycling are known to modify the surface area of nanocatalysts. In order to examine the stability of the carbon-supported PtNi-NPs and PtCo-NPs, we performed 500 potential cycling experiments in the 0.05 V  E  1.45 V range in 0.50 M aqueous H 2 SO 4 solution at s = 50.0 mV s -1 and T = 298 K. Figures16A and 16Bpresent CV profiles for the carbon-supported PtNi-NPs and PtCo-NPs for a gradually increasing number of transients, namely 50, 100, 200, 300, 400, and 500. The CV profiles demonstrate that the current in the double-layer region does not change indicating that the corrosion rate of the carbon support is very low. The CV profiles were also used to determine A ecsa that was then converted to the specific surface areas (A s in m 2 g Pt -1

1 wt%

 1 for the PtNi-NPs and 40.8 wt% for the PtCo-NPs. The XRD patterns were typical of the face-centered cubic (fcc) structure of Pt and their analysis indicated that the average crystallite size was 2.3 nm in both cases. While Pt and Ni adopt the fcc crystallographic structure, Co adopts the hexagonal-closed packed (hcp) one. Thus, the crystallographic structure of Pt, which is the predominant metal in the NPs, determines the crystallographic structure of the PtCo nanocatalysts. The TEM results revealed that the PtNi-NPs and PtCo-NPs were sphere-like in shape, and their respective sizes were 3.3 nm and 3.2 nm. The XRD measurements yield the average crystallite size, while the TEM ones the average particle size. Because these two have different values and because the size of the nanoparticles is greater than that of the nanocrystallites, it can be concluded that the nanocatalysts have a polycrystalline nature. The structures and energetics of the Pt 7 Ni 3 and Pt 7 Co 3 systems were successfully investigated using DFT calculations, which indicate that the Pt 7 Ni 3 and Pt 7 Co 3 systems are energetically stable and possess similar structural and energetic features. Electrochemical and corrosion (stability) characterization of the nanoparticles was performed using CV and PDP experiments. While CV measurements yielded the specific surface area of the nanocatalysts and their evolution upon repetitive potential cycling, PDP measurements allowed the determination of E corr and j corr (if applicable). The PDP experiments were conducted in the anodic and cathodic directions, and it was observed that the direction of the PDP transients affected the values of E corr andf j corr . CV profiles were acquired in 0.50 M aqueous H 2 SO 4 solution using two different potential scan rates, 5.00 and 50.0 mV s -1 , and it was observed that the amount (expressed as charge density) of the oxide formed depended on the potential scan rate value, with more oxide formed in the case of s = 5.00 mV s -1 . The surface oxide formation and reduction in the sub-monolayer and monolayer range were also successfully analyzed using in-situ confocal Raman spectroscopy. In the case of Pt surface oxide formation, a clearly distinguishable band assigned to the species was observed for potential E > 0.90 V, although the process commenced at E = 0.80 V. In the case of Pt oxide reduction, the band assigned to the surface oxide practically disappeared when E = 0.80 V was reached, although the complete reduction of the species was achieved at E = 0.50 V. The appearance and disappearance of the Raman shift band were closely related to the degree of crystallinity in the oxide layer and not only to the amount of oxygen. These observations indicate that the confocal Raman spectroscopy is a powerful technique capable of monitoring structural changes and could potentially be applied in research on a variety of nanomaterials.Corrosion of the PtNi-NPs and PtCo-NPs was studied in 0.50 M aqueous H 2 SO 4 solution saturated with a neutral (N 2 ) or reactive (H 2 or O 2 ) gas and using anodic and cathodic PDP measurements at a very low potential scan rate of s = 0.10 mV s -1 . The results demonstrated that the environment has a profound influence on the corrosion behavior of nanocatalysts and the main observations are as follows: (i) in the case of measurements carried out in the electrolyte saturated with H 2 (g), no catalysts corrosion was observed but the carbon support degraded and became more porous; (ii) in the case of measurements carried out in the electrolyte saturated with N 2 (g), the nanocatalysts underwent a slight corrosion; and (iii) in the case of measurements carried out in the electrolyte saturated with O 2 (g), the nanocatalysts underwent significant corrosion, especially in the case of the anodic PDP transient. Comparison of these results reveals that the PtNi-NPs are more stable than the PtCo-NPs. The chemical state of the Pt-based NPs and their corrosion behavior are very important for the fuel cell technology because they determine their catalytic activity, stability and durability. Examination of the specific surface area (A s ) of the PtNi-NPs and PtCo-NPs in 0.50 M aqueous H 2 SO 4 outgassed using N 2 (g) was carefully studied by acquiring 500 CV transients in the 0.05 V ≤ E ≤ 1.45 V range at s = 50.0 mV s -1 . These measurements revealed a 50% reduction in A s for both types of nanocatalysts. The new results presented in this report make an important contribution to the understanding of the corrosion behavior of PtNi-NPs and PtCo-NPs in aqueous acidic media in the presence of different gaseous environments. Because such research has never been conducted before, they represent an important contribution to the fuel cell science and technology.
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 3 Figure 3. (A) TEM image for carbon-supported PtCo-NPs; (B) TEM image for unsupported
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 4 Figure 4. The minimum energy structure of the PtNi (A) and PtCo (B) systems obtained from
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 5 Figure 5. (A) and (B) CV profiles for the carbon-supported PtNi-NPs; electrolyte: 0.50 M aqueous H 2 SO 4 outgassed with N 2 (g); T = 298 K; s = 5.00 mV s -1 and s = 50.0 mV s -1 ; (C)
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 6 Figure 6. (A) and (B) CV profiles for the carbon-supported PtCo-NPs; electrolyte: 0.50 M aqueous H 2 SO 4 outgassed with N 2 (g); T = 298 K; s = 5.00 mV s -1 and s = 50.0 mV s -1 ; (C)
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 7 Figure 7. Raman spectra acquired for PtNi-NPs. during (a) an anodic potential transient showing
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 8 Figure 8. Raman spectra acquired for PtCo-NPs. during (a) an anodic potential transient
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 122 Figure 12. Influence of dissolved gas on anodic and cathodic polarization curves for the carbon-
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 13 Figure 13. CV transients prior to and after anodic PDP for the carbon-supported PtNi-NPs (A)
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 14 Figure 14. CV transients prior to and after anodic PDP for the carbon-supported PtNi-NPs (A)
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 15 Figure 15. CV transients prior to and after anodic PDP for the carbon-supported PtNi-NPs (A)
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 16 Figure 16. CV profiles for a gradually increasing number of transients for the carbon-supported

  

  the features attributed to the Pt surface oxide formation and reduction, which is expected because the oxide layer is thicker in the case of the lower potential scan rate (the NPs experience a longer oxidation time).[START_REF] Tahmasebi | Catalytic Duality of Platinum Surface Oxides in the Oxygen Reduction and Hydrogen Oxidation Reactions[END_REF] 

	Figures 7 and 8 present Raman spectra for the unsupported PtNi-NPs and PtCo-NPs
	deposited on a glassy carbon substrate, respectively, acquired in 0.50 M aqueous H 2 SO 4 solution
	outgassed with N 2 (g) and at T = 298 K. The Raman spectra were acquired during anodic
	(Figures 7A and 8A
	NPs. Figures 5C and 6C show capacitance (C, where C = I / s) versus E profiles prepared using
	the CV profiles shown in Figures 5A, 5B, 6A and 6B. The respective capacitance transients
	overlap in the potential region of H UPD adsorption and desorption indicating that the

[START_REF] Xing | Platinum Electro-dissolution in Acidic Media upon Potential Cycling[END_REF][START_REF] Tahmasebi | Catalytic Duality of Platinum Surface Oxides in the Oxygen Reduction and Hydrogen Oxidation Reactions[END_REF] 

It is very important to emphasize that all the features observed in the CV profiles are typical for carbon-supported Pt-NPs and there are no characteristics that can be assigned to Ni or Co, respectively. This observation suggest that these two metallic elements are not present in the surface region of the experimental set-up (the cell, electrolyte, and electrodes) is impurity-free. There is a small difference in

Table 1 : The cell parameters (a, b, c), minimum interatomic distances (r), and cohesive energies (E coh ) of Pt 7 Ni 3 and Pt 7 Co 3 obtained from DFT calculations.
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		a	b	c	r Pt-Pt	r Pt-Ni(Co)	r Ni(Co)-Ni(Co)	E coh
	Material							
		(Å)	(Å)	(Å)	(Å)	(Å)	(Å)	(eV atom 1 )
	Pt 7 Ni 3	7.76	7.71	11.70	2.78	2.72	2.74	-5.39
	Pt 7 Co 3	7.79	7.76	11.69	2.79	2.73	2.73	-5.44

Table 2 : The minimum interatomic distances (r) and cohesive energies (E coh ) of pure Ni, Co, and Pt obtained from DFT calculations.
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	Material	r atom-atom (Å)	E coh (eV atom 1 )
	Ni	2.48	-4.92
	Co	2.51	-4.95
	Pt	2.82	-5.53

Table 3 : Values of the corrosion potential (E corr ), corrosion current density (j corr ) and loss of the specific surface area (A s ) after anodic and cathodic potentiodynamic polarization. Anodic PDP measurement In presence of N 2 Nanocatalyst E corr (V) j corr (nA cm -2 ) A s loss after anodic PDP
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E = 0.85 V; (iii) this peak disappears when the applied potential approaches E = 0.80 V; and (iv) the Raman peak attributed to the Pt surface oxide layer does not undergo any spectral shift. For comparison, Figure SI2 (Supporting Information) presents Raman spectra for the carbon support obtained under the same conditions as the Raman spectra for the PtNi-NPs and PtCo-NPs. These spectra show changes in the intensity of the D (1350 cm -1 ) and G (1580 cm -1 ) bands that are characteristic of graphite. No signal was observed in the platinum oxide region (from 300 cm -1 to 750 cm -1 ). It is important to emphasize that comparison of these results to the electrochemical results presented in Figures 5 and6 leads to the following observations: (i) in the case of the anodic transient in the capacitance profiles (Figures 5C and6C), the onset of surface oxidation is observed at 0.80 V, while the Raman feature assigned to the Pt surface oxide develops at potential values greater than 0.90 V; (ii) in the case of the cathodic transient in the capacitance profiles, complete surface oxide reduction is achieved when the applied potential approaches ca. E = 0.50 V, whereas the Raman feature attributed to Pt surface oxide disappears when the applied potential approaches ca. E = 0.80 V. As it was explained in details elsewhere, [START_REF] Tahmasebi | How Stable Are Spherical Platinum Nanoparticles Applied to Fuel Cells?[END_REF] the following hypothesis is proposed as an explanation of these results: (i) during the anodic scan, PtO in the form of chemisorbed O (O chem ) forms in a sub-monolayer quantity in the 0.80 V ≤ E ≤ 0.95 V range without giving rise to any Raman feature; (ii) a quasi-three dimensional PtO layer comprising Pt 2+ and O 2-develops at E > 0.95 V giving rise to a unique Raman feature; the process involves an interfacial structural transformation; and (iii) the Pt-NPs contain facets having different crystallographic orientations and it is feasible that some facets are covered with an oxide layer, while others are not. The surface structure-specific growth of the Pt surface oxide would give rise to the development of surface oxide "patches" with sufficient thickness and crystallinity to generate a Raman signal. Therefore, it may be concluded that an oxide layer