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1 Introduction
Typically the fuel cell electrodes  are composed of metallic electrocatalysts  nanoparticles  (Pt,Pd,...)  supported on electro-conductive materials such as carbon black. An interesting option in order to study the fuel cell reactions (kinetics, mass transport behavior or reaction mechanisms) in a controlled environment is to use the active layer of a fuel cell electrode (electrocatalyst nanoparticles supported on carbon substrate) as a working rotating electrode of  a classical three electrodes electrochemical cell. This setup enables the optimization of the electrode morphology towards the specific reactions of the fuel cell. Indeed, parameters such as the size, loading, inter-paticule distance of the electrocatalysts nanoparticles as well as the type, morphology (porosity, specific surface) of the  carbon substrate can be studied in relation to the related electrochemical reactions. 

This work presents an easy, clean and efficient method for the deposition of a controlled loading of Pd nanoparticles on the surface of  a glassy carbon electrode (practicable for other types of metallic electrocatalysts  nanoparticles and carbon substrate). The principle of the multiple strong electrostatic adsorption (SEA) method [1]  has been adapted for the deposition of a controlled loading of Pd nanoparticles on glassy carbon rotating disk electrode (RDE). The electrochemically active surface area (EASA) of Pd deposited has been electrochemically evaluated in order to optimize the different deposition parameters such as the pH of the impregnation solution containing the [Pd(NH3)4](NO3)2  salt. This methods enables to study the influence of the Pd loading towards a given electrochemical reaction [2] and opens a possible easy way to reach a high Pd loading for application on fuel cell electrodes while avoiding an expensive metallic electrocatalyst precursor waste during the deposition process.   
2 Experimental
The glassy carbon (GC) rod (Sigradur®), serving as the carbon substrate for the Pd deposition, has been inserted in a PTFE holder for the rotating disk electrode (RDE) setup. The GC electrode surface has been mirror polished with diamond paste (Mecaprex, Presi) on polishing cloth (Presi) in the following order :  6, 3 and  1μm  in order to get an electrode surface as plane as possible. This GC electrode was then washed for 30 min in an ultrasonic bath of acetone, 1-1 ultrapure water-ethanol, and ultrapure water (18.2 MΩ.cm−1 MilliQ System, Millipore) to remove any trace of impurities. The GC electrode has been functionalized in a classical three electrodes electrochemical cell : the counter electrode was a platinum foam, the electrolyte was a solution of 0.1M H2SO4 (99.999%, Sigma-Aldrich) in ultrapure water and the reference was a reversible hydrogen electrode (a platinized Pt wire is in contact with a bubble of hydrogen and the 0.1 M H2SO4 electrolyte) . The three electrodes were connected to a potentiostat (Autolab PGSTAT 30). The functionalization of the GC electrode has been made by holding its potential at 2.23 V vs. RHE for 5 min.  

The Pd nanoparticles deposition on this functionalized GC electrode has been made using the principle of the strong electrostatic adsorption (SEA). The GC electrode rotating at 1000 rpm was immersed for 1h  into the Pd salt solution (100mM of [Pd(NH3)4](NO3)2 (99.9%, Alfa Aesar) in ultrapure water) set to a controlled pH by NaOH addition (Suprapur®, Merck). The rotating GC electrode was then removed from the Pd salt solution and  immersed 3 times for 1 min into clean NaOH solutions at the same pH as the Pd impregnation solution in order to remove any trace of Pd salt in solution.  After this process only the Pd complex cation adsorbed on the GC surface remained. This Pd cation was then reduced by immersing for 45min this rotating GC electrode into a clean NaOH + NaBH4 solution at the same pH as the Pd impregnation solution. The Pd/GC rotating electrode was then thoroughly cleaned with ultrapure water and was then ready to be characterized in the electrochemical cell. 
3 Results and discussion
The successful deposition of the Pd nanoparticles on the GC electrode surface has been confirmed by TEM imaging : Pd nanoparticles of mean size c.a. 4~5 nm (TO BE CONFIRMED!!!) have been observed (Fig. 1).
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  Fig. 1. TEM micrographs of a Pd/GC electrode (one Pd deposition at pH=11.22)
The electrochemically active surface area (EASA) of deposited Pd/GC nanoparticles have been evaluated in the three electrode electrochemical cell by coulometry of the electrooxidation of a monolayer of carbon monoxide (CO) called “COad stripping” [3]. The loading of the deposited Pd nanoparticles (expressed as the ratio between the Pd EASA and the geometrical surface area of the GC electrode)  has been plotted versus the pH value chosen during the deposition process (Fig. 2.A) and the number of impregnations-reduction at a fixed pH of 11.44 (Fig. 2.B). An optimum pH of c.a. 12.1 was found for maximizing the loading of Pd deposited per number of impregnation. These results also point out the possibility to easily realize multiple impregnation-reduction cycles in order to deposit an higher loading of  Pd nanoparticles.
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  Fig. 2.  Pd loading (determined by COad stripping) of Pd/GC electrode vs. (A) the pH during the impregnation-reduction process (B) the number of impregnation-reduction cycles at pH = 11.44. 
4 Conclusions 
Pd nanoparticles have been successfully deposited on a GC electrode using an easy and clean method minimizing the waste of Pd precursor. The loading of deposited Pd can be controlled by the right choice of pH and/or the number of impregnation-reduction cycles. The influence of the Pd loading can then be studied for typical fuel cell reactions such as oxygen reduction reaction or borohydride oxidation reaction. This study also opens a new way for the deposition of metallic electrocatalysts nanoparticles  on every carbon substrate. 
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