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Introduction

Platinum remains the most used catalyst in fuel cell technology, capable to exhibit full catalytic activities, generating high rates of chemical reactions at relatively low operating temperature [1,2]. The electrocatalytic activity of platinum catalyst is dependent on good properties of the catalyst supports, such as low resistance or high stability; furthermore, a uniform dispersing of metallic nanoparticles determines the increase in catalytic surface area and consequently allows reducing the usage of expensive materials like platinum. There are already reported results regarding the use of nanoporous graphite [3] carbon nanocoils [4] or carbon nanotube arrays [5] as catalyst supports, but the main drawbacks appear when is discussed their advanced integration in complex devices, and furthermore in miniaturized systems due to carbon's incompatibility to the integrated circuit processing techniques, a direct incorporation of carbon into the monolithic Si-based microfabricated fuel cell being unrealistic [6].

On the other hand, semiconductor technology is the main micro fabrication route used to reduce the standard structure of fuel cell to micrometer sizes and particularly silicon (Si) is the most suitable material since it can be micropatterned with even three dimensional desired features. Different hybrid small fuel cells using micro electromechanical systems (MEMS) technology have been reported [7] and their performances are encouraging for development of new ones. Important results have been achieved by T. Pichonat et al who have proposed a new way of making miniature fuel cell using Si technology [8,9], their efforts being focused on demonstration of Si capacity to become an efficient protonic conductor by nanostructuration and corresponding chemical functionalisation. In this context, fabrication of a Si based catalyst support going forward to reliable membrane electrode assembly and also to integration in a Si based microfuel cells (µFC) represents a real priority and is a challenging task. Whilst new catalyst materials are being sought [10], processing still has an impact on catalyst performances and our approach is to improve the deposition efficiency and the retention of Pt particles developing a high-surface-area supporting substrate based on low resistivity Si, preliminary results being obtained using oxidized nanostructured Si and silica (SiO 2 ) nanoparticles [11].

Experimental procedures

Fabrication nanoSi catalyst support

It is well known that Si, when is subjected to an electrochemically etching in HF-containing electrolyte, is converted into a porous silicon (PS) layer with pore dimensions that range from hundreds of nanometers in width, called macroporos, to only a few nanometers, called microporos [12]. The structures with middle size pore diameters, in the range of 10 -50 nm are the mesoporous ones, and these types of matrices have been considered suitable as catalyst support.

The single-tank AMMT wet etching system for 4 inch diameter silicon wafers with programmable power supply and dedicated software for time-based current profiles have been utilized as fabrication setup for mesoPS experimental samples.

Low resistivity Si wafers, 1 -5 mΩ•cm, heavily doped with phosphorous (P) and boron (B) leading to n-type and respectively p-type conduction -provided by Si-Mat Silicon Materials, Germany -have been used as substrate for nanostructured Si layer to preserve the necessary electrical characteristics. The anodisation process was performed in 25% HF concentration of the electrolyte solution, at two current densities, 50 mA/cm 2 and 100 mA/cm 2 ; the process time has been established to obtain the same thickness of the experimental layers (~ 50 µm). Although the presence of holes is essential to promote the etching process and, as a rule, for n-type Si they are photogenerated by backside or frontside illumination, otherwise large potential being required, no light is necessary in the case of highly doped Si because avalanche breakthrough is easy and enough current will be produced even at small voltages. Also, taking into consideration our requirements for a mesoporous Si matrix, the highly doped (p + , n + ) substrates are the most appropriate, being much easier to process since there are not required special process parameters, and are mechanically less fragile than those obtained with lightly doped Si substrates [13,14], the XRD analyses showing that the stress at interface between PS layer and c-Si is lower for p-type highly doped substrate [15]. Additionally, in order to study the influence of substrate crystallographic orientation on metal deposition process, the similar porosification processes have been set up on (100) and (111) type Si wafers.

The PS fabrication parameters are specified in table 1.

Metallic nanoparticle deposition

High aspect ratio Si fibrils determines a huge internal surface area which is highly reactive, suitable for development of functionalisation processes and are potentially good supporting platforms to host the noble metals on the sidewalls of silicon columns. In the same time, for envisaged application as membrane electrocatalyst assembly it is important to mention that the hydride terminated freshly etched PS surfaces become covered with a natural oxide monolayer by simple storage in atmosphere which further increases the chemical stability [16].

The deposition of metallic thin layers/particles is one of the key processes for producing feasible electrochemical devices; it should adhere strongly to the membrane in order to reduce ohmic losses and to support high mechanical stresses produced during the operation [17]. Since our aim was to compare the PS as substrate for both metallic thin film or metallic particle distribution on Si fibrils, both physical and chemical procedures have used: (i) platinum (Pt) thin film has been deposited on PS using Ebeam high vacuum thin film deposition system (NEVA EDV-500A), and respectively (ii) a metallic precursor solution was used to achieve the chemical attachment of particles on nanostructurated Si based supports by simple immersion of the samples for different periods of time, from one hour to five days [18].

•

Concerning the first approach, utilization of the physical deposition process leads to a 100 nm thickness metallic nanostructured film, which uniformly covers the PS surface -the sample series are labelled Dij evap .

•

The second route, chemical impregnation of semiconductor matrix with metallic nanoparticles, was achieved using hexachloroplatinic acid (3.5 mM H 2 PtCl 6 ) precursor with different support solutions, aqueous or alcoholic; all chemicals and solvents were from Aldrich Chemicals. Since the samples subjected to chemical impregnation from an aqueous precursor solution have been labelled Dij aq , for those labelled Dij et , an ethanolic solution has been used respectively. Reference samples have been realized using flat Si as substrate and morphological analyses shown a small number of platinum nanoparticles deposited on surface.

Results and discussions

Morphological characterization

Morphological characterizations were realized using Nova NanoSEM 630 system, a Field Emission Scanning Electron Microscopes (FE-SEM) -FEI Company, USA -with ultra-high resolution at high and low voltage in high vacuum: 1.6 nm @ 1 kV.

Porous silicon support

The SEM images of experimental porous silicon (PS) layers on n + -Si (100) and (111) substrates are presented in figure 1. The top view image 1(a) shows almost uniform distribution of 10 nm pore diameters (p.d.) on PS surface, which has been generally found for the first group of samples (for 50 mA•cm -2 anodisation current density), leading to the root mean square (RMS) roughness values of about 1.9 nm obtained by AFM measurements; the second current density leads to increased dimensions of pore diameters up to 15 nm. On the other hand, the cross-section images 1 (b, c) confirm the pore formation models that predict the branched geometry of mesopores, the branches going from the main pores which are perpendicularly to the surface [19]. In the same time, the influence crystallographic orientation of Si substrate is clearly evidenced: since for (111) -Si, the lateral pores are more or less equally with main ones, for the (100) -Si the primary pores growing in depth are visibly, diminishing formation of lateral branches during the secondary process.

Metal -PS nanoassemblies

The FE-SEM investigations have been used to see if the PS support features influence the aspect of the evaporated metallic layers; it was interesting to notice that differences between metal surfaces as function on substrate are present, specific depending on crystallographic orientation of Si wafers. In figure 2 are showed the images of Pt layers deposited on PS / Si (111) -D12 evap -and respectively PS / Si (100) -D02 evap -and it is visible that the samples prepared starting from Si -(111) provide the most uniform metallic layer relatively to the other ones where a large number of cracks to the Si appear in metal. Although nanometric features are observable as well, for envisaged applications point of view this fact could be an advantage since they represent points where the gas reactants, proton conducting phase and the catalytically active electrically conductive phase to be present together known as three -phase boundaries [20].

It is known that for the fresh as prepared PS layers, the coverage of silicon crystallites by SiH x [21] is present and this was one of our starting points in introducing the porosification of Si substrate before metal deposition. On the other hand, being an electrochemical porosification in HF based electrolyte, and we have used fresh samples precisely to have traces of HF still present inside of porous matrix. The SEM images of Pt particles chemically loaded from the aqueous solution (2 days storage) on samples with similar diameters of the pore openings into the surface, but different crystallographic orientation of Si substrate are presented in figure 3. The details reveal the dependence of metal nucleation process on support structure: (a) the Pt islands are nanostructured and have more or less a semispherical shape, sporadically distributed on the surface, when the Si substrate has the (100) crystallographic orientation. Their diameter is less than 1µm, being about few hundreds of nanometers, and the nucleation and consequently growth of the islands appear to be rather anisotropic -once they are formed, these regions grow rather that nucleating new areas. (b) the nanoPS / Si -(111) support determines a more selective formation of Si-H bonds than nanoPS / Si -(100) where mono-, di-or tri-Si hydrides coexist [22]; therefore, the presence of highly number of Si-H chemically active sites on Si -(111) surface influences the metal ions' reduction determining the Furthermore, an increase in the storage period induces, first, a systematic increase of the average diameter of isolated Pt nanoparticle clusters and, second, the coalescence of nanoparticles and formation of particle agglomerates, which finally leads to a macroporous metallic layer, as it could be observed in figure 4 (a), comparable with physical deposited thin film.

It is well known that coarsening of Pt nanoparticles determines decreasing of the Pt surface atoms to bulk atoms ratio and the availability of triple phase boundary (TPB) regions in electrodes, and consequently increases the activation overpotential, with negative influence on fuel cell features -inferior cell voltage, efficiency, and lifetime [23].

To avoid these characteristics an ethanolic solution has been used to increase the penetration inside the porous layer. The deposition process from alcoholic solution has a different evolution compared with aqueous one: if in our previous experiments, the mechanism of metallic nanoparticle agglomeration is dominant and consequently relatively big particles were obtained from aqueous solution, the nucleation phenomenon becomes even more important when ethanolic solution is used, and in that case supplementary new metallic sites available to grow the ions further deposited. Thus, smaller Pt particles as well as an improvement of their dispersion both on surface and inside of porous layer are achieved. In the same time, a more slowly deposition was observed and therefore, after 2 days of storage the nanoparticle quantities is very low, a uniform spreading being observable after 5 days, conform to figure 5. It is important to mention that adding of the ethylene glycol (EG) solvent reduces the solution polarity and improves the ion exchanging of Pt ions resulting a better dispersion of particles with 2 -3 nm diameters, clearly evidenced in the magnified -SEM image, the data being further confirmed by X-ray analyses too.

Compositional and microstructural analyses

3.2.1.

Energy dispersive X-ray -EDX -analyses have been performed on several selected areas of samples taken from various preparation series and they confirm the presence of Pt particles on nanoSi surface subjected to impregnation process, the chemical composition being uniform and reproducible for a specific process flow. Moreover, the EDX spectrum obtained for D12 aq -Pt aq. sol. / PS (15 nm) / Si-n + (111) -sample after 5 days of storage in aqueous Pt precursor solution -figure 4 (b) -clearly shows the Pt X-ray lines, Pt-M β , and Pt-L α at about 2.1 and 9.44 keV, respectively, more intense than those given by Si; this approximate elemental composition supports the morphological observations -figure 4(a) attesting the high quantity of metal loading for a long period of storage and consequently the entirely coverage of surface with agglomerated Pt particles.

3.2.2.

The X-ray fluorescence -XRF -measurements using a Rigaku Corporation Primus II X-ray wavelength dispersive fluorescence system have been used to obtain both the atomic composition and more important the quantitative composition of the experimental samples. The XRF results obtained for nanoSi samples with different morphologies subjected to similar metallic nanoparticle deposition processes are presented in table 1; the data reveal that the amount of Pt strongly depends on the catalyst support, both the pore sizes and the crystallographic orientation [24]. First of all, it is demonstrated the direct connection between the void space from porous matrix and the quantity of metal impregnated, and consequently, the increasing of the pore size from 10nm to 15nm almost doubled the Pt content inside the pores on all sample series. Other important feature of the Pt -nanoSi composite layers is revealed on all our samples: the Pt content on the surface of the sample (measured with Pt M α , smaller penetration depth into the sample) is usually much lower than the Pt content (measured with Pt L β1 ) inside the pores (at least double to 50 times lower). This fact can explain why in normal wide angle diffraction no diffracted X-ray beam can be detected from the crystalline Pt phase, which is generally deposited deep inside the pores.

Regarding the substrate crystalline nature, the data reveal that the porous matrix obtained on (111) Si contains the lowest amount of metal, explained by the increasing of branched morphology of pores.

3.2.3.

The crystalline structure of the metallic nanostructures with respect of porous silicon substrate was investigated by different X-ray diffraction methods [25] using a Rigaku Smartlab thin film 9kW rotating anode equipped with an in-plane arm in θ-2θ angular scanning configuration using a Cu X-ray tube and a multilayer mirror (parallel beam, X-ray K α wavelength of λ Kα1 = 1.540609Å. The grazing incidence X ray diffraction (GIXRD) spectra (ω = 0. deposited from ethanoic precursor solution on PS layers with roughly the same diameter of pores (cca. 15 nm) are presented in figure 6 (a). Peaks consistent with the face centered cubic (fcc) system are clearly observed for the Pt nanoparticle catalyst and the XRD patterns reveal the polycrystalline microstructure of the metallic catalyst and also the influence of substrate orientation on the microstructure. A (poly) crystalline phase is identified not only from the 2θ position of the peaks (and the correspondent d spacing of the lattice planes) but also from the relative intensities of the XRD peaks. The relative intensities are depending on the structure factors and are very important for indexing XRD spectra; the lattice parameters of the catalysts were calculated from broadening of the peak Pt (111) using the Scherrer equation: L = Kλ/Bcosθ, where L is the average length of the crystallite, B is the broadening of the line in units of 2θ and θ Bragg diffraction angle, K is a constant (cca. 0.9) [26].

On the other hand, the XRD spectrum recorded for Dij evap sample presented as inset picture in figure 6 (a) reveals that the evaporated metallic thin film, although its thickness is comparable or even higher than chemically deposited nanoparticle diameters, has a lower content of Pt crystalline phase because the recorded intensities are at least 5 times lower than the previous ones. An explanation is that the energy of Pt atoms, supplied by the evaporation, is lower than crystallization energy. Also the relative intensities corresponding to the definite crystallographic planes are almost in the same ratios like those of the ICDD XRD database files, which demonstrate the absence of a preferred orientation/texture. Moreover, although the particles showed the presence of (111) orientation independently of the used substrate, the Pt nanoparticles loaded on PS / Si -(111) show that the Pt (111) is predominant texture, being a new confirmation that crystallization of Pt took place at the beginning inside the pores, and then continues on the surface, but it always preserve the preferred orientation i.e. texture of the substrate. These results are sustained also from chemical point of view, since the presence of the H-end groups inside the pores promotes the beginning of Pt crystallization inside the pore and not on the surface, the base of the pore presenting a more reduction character than the surface, which is more susceptible to oxidation. The stabilization of the hydride groups inside of porous matrix is assured by the presence of low traces of HF electrolyte, regularly observed in as prepared (fresh) PS samples. On the other hand, although an electroless technique has been used, these small amounts of unreacted HF during porosification stabilize the hydride groups easily convertible to (sub)oxides by simple exposure to atmosphere and, also, more important, could promote the Pt deposition in electroless technique. We can conclude that using the (100) oriented Si substrate produces a higher crystalline content and larger Pt crystallite medium size, but a more pronounced (111) texture on planes parallel to the surface is observed on (111) n -Si substrate.

The in plane diffraction spectra of samples with different diameters of pores obtained on same type of Si substrate observed in figure 6 (b) show that increasing the pore size from 10nm to 15nm leads to a bigger mean crystallite size in the direction parallel to the sample surface and to an increased content of crystalline Pt phase. However, the mean crystallite size determined by means of the Williamson -Hall methods [27] does not exceeds the pore size diameter, a fact that again strongly validates the hypothesis that Pt has crystallized mainly inside the pores not on the sample surface; for example in the case of D01 et and D02 et the mean crystallite size goes from 3.1nm to 4.8nm.

Electrochemical tests of Pt -nanoSi nanoassemblies

One of most important phenomenon in electrocatalysis and naturally in fuel cells is the three-phase interactions of liquid electrolyte, solid catalyst and gaseous reactant. In this context, the porous or nanostructured electrodes provides a large reactive area in a small volume and provide an increasing number of sites where these reactions to take place.

The electrochemical analyses have been performed using a PARSTAT 2273 potentiostat / galvanostat and three-electrodes cell with Ag / AgCl (NaCl sat sol.) as a reference electrode (RE) placed in a different compartment, Pt wire as counter electrode (CE) and the experimental samples as working electrode (WE).

Cyclic voltammetry (CV) is a good method to determine specific surface area and the corresponding electrochemical activity of Pt nanocatalysts. Essential, hydrogen is adsorbed in the cathodic direction and then oxidized in the anodic direction and all the samples show well-defined hydrogen adsorptiondesorption peaks in the potential region but the intensities depends on Pt amount on / inside of nanoSi matrix [28]. As a first indication about the importance of catalyst supports, we have to mention that the reference samples consisting on Pt evaporated in similar conditions on flat -Si substrate suffer an exfoliation process after few seconds in 1M H 2 SO 4 and even more diluted (0.5M; 0.1M) electrolyte solution. That demonstrates a stronger stable bonding of the Pt nanoparticles on the PS support due to the Pt chemical reduction within PS nanochannels and on its surface too [29].

The CV data were recorded in the potential range of -0.4V to 0.85 V vs Ag/AgCl, 20mV s -1 scan rate, and the figure 7(a) presents the cyclic voltammograms obtained for the D11 nanoSi substrate subjected to all three types of metal deposition routes considered -the current density was normalised to the geometric area of electrodes. The data analyses reveal that the highly nanostructured Pt surface leads to an active surface area with at least an order of magnitude larger than its geometrical area. Moreover, the electrocatalytic stability of sample series was evaluated by repeating the cyclic voltammetric scan from -0.35 to 0.75 V in the 1M H 2 SO 4 solution from more than 10 cycles. Since Dij evap samples show the CV curves shifting concurrently with every the new scan, the Dijaq samples show an improved stability. The hydrogen adsorption/desorption peak of 10th cycles has a peak current reduction by cca. 8% as compared with that of the 2nd one indicating possible Pt nanoparticle loss from nanoSi matrix conform to figure 7(b).

On the other hand, the Pt catalyst specific activity for electro-oxidation of methanol has been obtained from CV measurements of nanoPt / nanoSi electrode in 1M CH 3 OH + 1M H 2 SO 4 aqueous solution, in the potential range of 0 to 1.0V vs Ag / AgCl, with two sweep rates, i.e. 10 and 50 mV s -1 . The efficiencies of Pt nanocatalyst on methanol oxidation were compared with regard to oxidation potential, forward oxidation peak current density, and the ratio of the forward to reverse peak current densities. The CV curves presented in figure 8 show that the forward oxidation potential is around 0.57V for D11 evap sample and the corresponding current density is 7.1 mA/cm 2 . In the negative going potential sweep, a reverse current peak appears at about 0.34 V, attributed to the removal of the incompletely oxidized carbonaceous species formed in the forward scan [30]. On the other hand, the D11 et sample shows a negative shift of oxidation potential and an increase of peak current density; these observations suggest that the using of PtNPs can significantly reduce the barrier to methanol oxidation and also that a larger amount of methanol is oxidized at the electrode, being directly proportional to the peak current magnitude. Furthermore, the ratio of the forward to the reverse peak current densities increases from 1.67 to 2.66 when nanoparticles are used, indicating that a large amount of intermediate carbonaceous species was already oxidised to carbon dioxide at the end of positive going sweep.

• The long term stability of nanoPt catalyst was investigated by single potential step chronoamperometry method, at the oxidation potential ~ 0.4V in the 1M CH 3 OH + 1M H 2 SO 4 aqueous solution. The chronoamperograms recorded for D11 type of nanoSi supports -PS (10 nm) / Si n + (111)are presented in figure 9. It is evident that, although the absolute value of current is bigger, the nanostructured evaporated Pt thin film has the highest instability in time. Moreover, it is important for further development of nanocatalyst fabrication procedures that only by extending the storage time of our samples in Pt aqueous precursor solutions and consequently increasing the amount of Pt loaded (fig. 4a)the recorded current also increases, and becomes even higher than those obtained for evaporated Pt.

On the other hand, although there were questions about the strength of the contact between nanoparticles and support, taking in consideration the possibility of their detaching during the electrochemical tests, the recorded chronoamperograms show that Pt nanoparticles loaded from both aqueous and ethanoic solutions are very stable during the measurements. It is well known that Pt electrocatalyst is poisoned by the intermediates of methanol oxidation such CO ads , detail observed for the evaporated Pt thin films. The stability of Pt nanoparticles dispersed in nanoSi matrix implies that most CO adsorbed species could be oxidised and removed from nanoPt catalyst [31], due to the vicinity of Si fibrils and their active surface sites. The PS silanol end groups are able to oxidize and subsequently to participate to removing of adjacent CO adspecies from Pt nanoparticles surface, thus avoiding CO poisoning [32]. Moreover, due to the nanoscaled size of Pt catalyst, OH adspecies can migrate over the Pt nanoparticle without difficulty and react with adsorbed CO via Langmuir -Hinshelwood type mechanics [33]. If commonly, the primary option was modification of catalyst surface by the addition of a second material to Pt (Pt alloys) to improve its stability during methanol oxidation [34], we have shown that nanoSi play a double role, offering a huge surface to promote Pt nanoparticles loading and the proper chemical sites (silanol) to avoid the catalyst poisoning.

The electrochemical tests reveal that improving of Pt nanostructuration down to discrete nanoparticles with 2-3 nm in size, dispersed on and inside of porous nanoSi matrix, an enhancement of the electrocatalytic efficiency is obtained as well. An improvement could be achieved by proper functionalisation of PS internal surface and furthermore by fabrication of a both side open pores membrane where the pressure difference to act as a driving force for methanol. In the same time, more complex semiconductor / catalyst nanosystems, such as (1:1) Pt-Ru alloy on nanoSi support will bring a supplementary progress. 

Conclusions

New metal / semiconductor assemblies have been developed and nanocatalyst distribution on / inside of nanostructured silicon (nanoSi) matrix has been achieved using both physical and chemical methods. The morphological and compositional analyses evidence the relationship between PS layer porosity and Pt deposition process, the amount of deposited Pt being directly related to the pore diameters of the nanoSi support. One the other hand, the X-ray diffraction patterns show that the texture of chemically deposited metallic nanoparticles is strongly influenced by those of the Si substrate, which represents a clearly indication that crystallization of Pt took place at the beginning inside the pores, and then continues on the surface.

The electrochemical tests demonstrate that the nanoPt / nanoSi systems preserve good electrocatalytic performances in relation with the small quantity of Pt catalyst being a step forward in optimisation of miniaturised fuel cell fabrication technology. These achievements are given equally by: (a) the large surface area of nanoSi support for Pt loading; (b) nanostructuration of the catalyst, either as thin film or highly dispersed nanoparticles on / inside of Si matrix. Furthermore, the stability of Pt nanoparticles dispersed in nanoSi matrix is also improved due to the vicinity of Si fibrils and their active surface sites where the most CO adsorbed species could be oxidised and removed from nanoPt catalyst. Table 1. Fabrication details of nanoSi catalyst support and the amount of Pt detected by XRF measurements for the samples subjected to chemical impregnation from metallic precursor ethanolic solution 
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 1 Fig. 1 Plan-view SEM image of nanoPS layer (a); Cross-section SEM images of nanoPS layer obtained on Si -(100) (b) and Si -(111) (c) substrates. Fig. 2 SEM image of E-beam Pt thin film (100 nm) deposited on nanoPS / Si (111) layer (D11 evap ); Fig. 3 SEM images of Pt nanoparticles chemically deposited on (a) D02 aq and (b) D12 aq after 2 days of storage in 3.5mM H 2 PtCl 6 aqueous solution; Fig. 4 (a) SEM image of Pt nanoparticles chemically deposited on D12 aq -5 days of storage in 3.5mM H 2 PtCl 6 aqueous solution and (b) corresponding EDX profile; Fig. 5 SEM images of Pt nanoparticles chemically deposited on D11 et -5 days of storage in 3.5mM H 2 PtCl 6 ethanolic solution; Fig. 6 (a) GIXRD X-ray diffraction spectra (ω = 0.35 o ) of samples Dij et with roughly the same diameter of pores obtained on different Si substrates; (b) In plane XRD spectra of samples with different diameters of pores obtained on same type of Si substrate; Fig. 7 (a) Cyclic voltammograms of D11 sample series in 1M H 2 SO 4 electrolyte solution; (b) Cyclic voltammogram series for D01 aq in a N 2 saturated 1M H 2 SO 4 electrolyte solution (10 cycles); Fig. 8 Electrocatalytic activity of D11 evap and D11 et samples for methanol oxidation -N 2 saturated 1M CH 3 OH + 1M H 2 SO 4 electrolyte solution; Fig. 9 Chronoamperograms recorded for D11 sample series.
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 1 

	Sample	Fabrication details	Pt coating mass (µg/cm 2 )	Pt LLD (µg/cm 2 )	Pt coating mass (µg/cm 2 )	Pt LLD (µg/cm 2 )
	series	Catalyst deposition	nanoPS / Si catalyst support	Pt L β1	LLD	Pt M α	LLD
	D01 et D02 et D11 et D12 et D03 et D04 et	chemical impregnation of semiconductor matrix with metallic nanoparticles, from 3.5 mM H 2 PtCl 6 ethanoic solution	n + -(100) Si 25%HF, 50 mA/cm 2 , 30 min. n + -(100) Si 25%HF, 100 mA/cm 2 , 20 min. n + -(111) Si 25%HF, 50 mA/cm 2 , 30 min. n + -(111) Si 25%HF, 100 mA/cm 2 , 20 min. p + -(100) Si 25%HF, 50 mA/cm 2 , 30 min. p + -(100) Si 25%HF, 100 mA/cm 2 , 20 min.	16.95 31.17 6.65 22.47 17.55 44.29	0.225 0.201 0.218 0.204 0.219 0.222	3.61 12.190 0.197 0.421 0.560 1.830	0.017 0.029 0.009 0.010 0.010 0.014
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