Y Soldo 
  
Eric Sibert 
  
Maurizio De Santis 
  
Yves Joly 
  
Yvonne Gründer 
  
Yvonne Soldo-Olivier 
email: yvonne.soldo@neel.cnrs.fr
  
Eric Sibert # 
  
# Eric 
  
Sibert Lepmi 
  
  
  
  
  
Unraveling the Charge Distribution at the Metal-Electrolyte Interface Coupling in Situ Surface Resonant X-Ray Diffraction with Ab Initio Calculations

Keywords: charge at the electrochemical interface, in situ Surface Resonant XRD, ab initio calculations, DFT, platinum single crystal

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

In electrocatalysis, reactivities and performances are crucially affected by the atomic and electronic structure of the electrode surface and of the electrolyte forming the electrochemical interface, as well as by their stability and by the charge transfer mechanisms.

Due to the high complexity of industrial catalysts, the study of model systems has been proven to be of great help in the comprehension of such systems. In this context, single crystal surfaces have been extensively investigated, due to their ordered and well-defined structure, allowing major improvements in the comprehension of fundamental surface phenomena 1 .

The atomic structure of the single crystal electrode surface and of adsorbed species has been widely explored in situ and operando with several techniques, such as Scanning Tunneling Microscopy 2 , X-ray Absorption Spectroscopy 3 and Surface X-Ray Diffraction 4,5 and enabled an atomic/molecular-level understanding of the interface.

Nevertheless, the knowledge of the charge spatial distribution at the interface as a function of the applied potential is mandatory for a complete description of the parameters influencing the electrochemical reactivity 6 . Indeed, the sign and the extent of the interfacial charge largely impact the interactions of the molecules and ions with the electrode surface.

An experimental technique able to make this description was up to now lacking.

Operando XAS and more recently X-ray Photoelectron Spectroscopy in ambient environment 7 at the solid/liquid interface give access to the oxidation/reduction state of the surface atoms. Nevertheless, these methods do not allow a specific site selection: isolating the signal of the interface only can be difficult, all the more if the absorbing atoms are also present in the solution. Electrochemical voltammetry allows to access the total surface charge (which includes the charges due to adsorption processes). It is though the free charge 8 , charge in excess on the metal surface balanced by ions in the electrolyte, which is related to the main properties of the electrochemical interface and in particular to the catalytic activity. Total and free charge coincide in absence of specific adsorption, otherwise the free charge value can only be estimated within models using extrathermodynamic assumptions 9,10 . Resonant Surface X-Ray Diffraction (SRXRD) combines the desired properties of surface X-Ray diffraction on the site sensitivity and of X-Ray Absorption Near Edge Spectroscopy (XANES) on the atomic oxidation states.

Indeed, experiments have shown a strong dependence of the recorded spectra on the potential value 11,12 . Nevertheless, up to now, the rare ab initio calculations 13 , not considering the non-equivalent atoms, the non-zero momentum transfers and the effect of the applied electric field, resulted in a qualitative description of the surface properties.

We succeeded here in measuring for the first time the spatial charge distribution at the electrochemical interface of the archetypal system Pt(111) in acidic solution, for which the surface charge influence on common electrochemical reactions is well known 9 . This result could be achieved analyzing in situ surface resonant x-ray diffraction experiments by comparison with first principle simulations of the recorded spectra. These ones, while going beyond the limitations evoked above, have been recently developed to take into account for the disordered ionic plane which forms close to the charged metallic surface, following the Helmholtz model.

EXPERIMENTAL METHODS

Experiments were made at the bending magnet D2AM French CRG beamline at the European Synchrotron Radiation Facility (ESRF, France). X-ray photon energy was selected by a two crystal Si(111) monochromator with an energy resolution of about 1.5 eV in the energy interval of the spectrum, between 11520 and 11560 eV across the Pt LIII edge. SRXRD was collected using a five-circle diffractometer. This set-up allows for selecting a given (HKL) reflection of the crystal with additional constraints like e.g. a fixed incidence angle, and to switch between σ and π polarization.

The sample, a platinum (111) single crystal, was placed in a home-made electrochemical cell specifically dedicated to in situ diffraction experiments 14 . The details of the surface preparation made before each experiment, allowing to get a clean and well-oriented platinum surface, and of the crystal transfer to the cell are given in S.I.1.

During the experiment the working electrode potential was maintained at 0.35 VRHE, in the potential region in between the hydrogen desorption and the (bi)sulfate adsorption, where no adsorbed ions are expected on the Pt surface 15 . Spectra were recorded in situ at several positions in reciprocal space, indexed in the surface hexagonal unit cell. Diffraction from a truncated crystal shows a sharp scattering line-shaped for the momentum transfer parallel to the surface at integer (HK), and a continuous distribution as a function of L in-between Bragg peaks for momentum transfer in the out-of-plane direction. This intensity distribution is known as (HK) crystal truncation rod (CTR) [START_REF] Robinson | Crystal truncation rods and surface roughness[END_REF] .

Data were registered in the reflectivity geometry at the (0 0 1.5) node, sensitive only to out-ofplane order, and along the (01) crystal truncation rod (L=0.5, 1.3 and 1.8) , sensitive to both in and out-of plane order. For Pt(111), the two reflections at (0 1 0.5) and (0 0 1.5) correspond to the so-called anti-Bragg positions and are the most sensitive to the surface contributions.

Experiments were made in two different configurations, corresponding to the incident beam polarization parallel (σ) to the surface plane and nearly perpendicular to it (π), probing the atomic bonds in the corresponding directions. The schematic experimental setup is schematically described in figure 1. Between the sample and the diffracted beam detection, we installed a Panasonic R90 graphite crystal analyzer, to reject the spurious diffused photons and the fluorescence signal and ensure that only elastically diffused photons are detected. Diffracted beam was recorded by a bidimensional pixel photon counting detector IMXPAD S70: measured intensity at each energy corresponds to the integrated signal recorded on a previously defined region of interest. Details on the measurement operation mode and on the correction and normalization procedures applied to the experimental spectra are given in S.I.2.

Crystal truncation rod (0 1 L) was also measured at fixed energy for structural analysis. The surface structure obtained from the best fitting procedure, in excellent agreement with previous in situ SXRD measurements on Pt(111) in 0.05M H2S04 in the same potential region, has been used in the simulation procedure. Details are given in S.I.3. Using the conventional hexagonal unit cell for the (111) surface, with the c axis perpendicular to the crystal surface [START_REF] Grübel | Reconstruction of the Pt(111) surface: X-ray-scattering measurements[END_REF] , the Pt(111) surface is described by four atomic layers, positioned above the bulk substrate taken as the platinum semi-infinite crystal. The first three planes are fully occupied with an interplanar distance equal to the bulk one (2.265 Å), while the outermost layer is partially occupied (0.96) and the interlayer distance is expanded by 1.5% (2.30 Å).

THEORETICAL CALCULATIONS

Calculations were performed using the FDMNES [START_REF] Bunău | Self-consistent aspects of x-ray absorption calculations[END_REF][START_REF] Bunău | The FDMNES code[END_REF] software, which uses the Density Functional Theory. The self-consistent approach is explained in the reference. Recently extended for the simulation of surface resonant diffraction experiments [START_REF] Joly | [END_REF] , it has now been developed for the electrochemical interface description, to take into account for the presence of the electrolyte facing the crystal and the effect of the applied external electric field.

When a (charged) metal is in contact with a liquid, a charge exchange happens between the two phases due to the initial gradient of the electrochemical potential 21 . Following this mechanism, the simplest model to describe this phenomenon was proposed by Hermann von Helmholtz. It states that a double layer of opposite polarity forms at the electrochemical interface [START_REF] Bard | Electrochemical methods : Fundamentals and Applications[END_REF] . In absence of specific adsorption, the interfacial double layer is described by the plane of the metal surface and by the plane containing the counter ions [START_REF] Lewerenz | On the Structure of the Helmholtz Layer and its Implications on Electrode Kinetics[END_REF] . At the potential of zero charge (pzc), the charge located at the interface vanishes. [START_REF] Trasatti | The Potential of Zero Charge[END_REF] .

In this context, FDMNES can model the electrochemical interface adding a potential V(z) (z coordinate perpendicular to the crystal surface) to the surface atomic structure potential. This additional potential simulates the presence of a non-ordered ionic layer (Helmholtz outer plane) at a distance z0 from the top most surface atomic plane.

Given the position z0, the FWHM ∆V, and the amplitude 𝑉𝑉 0 , the Helmholtz layer is modelled by the energy potential:

𝑉𝑉(𝑧𝑧) = √𝜋𝜋 2 𝑉𝑉 0 erf ( 𝑧𝑧 -𝑧𝑧 0 𝛼𝛼∆ 𝑉𝑉 ) 𝑧𝑧 -𝑧𝑧 0 𝛼𝛼∆ 𝑉𝑉 𝐸𝐸𝐸𝐸. 1
with α=0.285925223. A negative V0 energy value corresponds to a positive ionic layer. This potential is simply added to the potential resulting from the surface atomic structure. The formula (Eq. 1) being partly empirical, the relationship between V0 and the charge in the Helmholtz layer is not known. They must nevertheless be proportional between them and thus also proportional to the induced charge at the surface.

Calculations were performed as a function of the parameters V0 and z0, the distance between the Helmholtz layer and the surface. The ∆V parameter, poorly sensitive, has been set equal to 5Å, this large value taking into account for the disordered nature of the Helmholtz ionic plane.

One of the effects of the Helmholtz layer being to induce a total charge Ch per Pt atom in the top most surface layers, this last is also a parameter. The self-consistent procedure makes that it is shared between the different top most layers, Chi representing the charge per atom on each surface layer i. Further technical details are given in the S.I. 4.

In the present study we have neglected the non-resonant Thomson scattering of this ionic layer, eventually visible in any case only at the specular reflections [START_REF] Warren | X-Ray diffraction[END_REF] . Indeed, its effect is expected to affect the experimental intensity by less than a few percent, due to the very high Pt scattering amplitude and to the structural disorder of the plane also in the perpendicular direction. This layer has nevertheless an influence on the electronic structure of the surface atoms, in particular inducing an expansion of the last inter-reticular distance.

The comparison between simulations and data is made using the total metric distance D, as detailed in S.I. 5.

RESULTS AND DISCUSSION

Experimental data

Resonant spectra are shown in figure 3. At (0 1 1.8) along the (0 1) CTR, close to the (0 1 2)

Bragg peak, the experimental data presents a very similar behaviour in the two polarizations, both for the signal shape and the fine structures beyond the edge. Such observation agrees with the fact that at this (HKL) position the surface layers make only a small contribution to the total scattered intensity and the Pt bulk symmetry implies no sensitivity to the polarization [START_REF] Templeton | X-Ray dichroism an danomalous scattering of potessium tetrachloroplatinate(II)[END_REF] .

The spectra evolve moving away from the Bragg peak. At L=1.3, measured only in π polarization, the signal is already largely modified. At the non-specular (0 1 0.5) and specular (0 0 1.5) anti-Bragg positions, fine structure of the spectra beyond the edge is very different in the two polarizations. We remark that the specular data in σ polarization seems to present an unexpected behavior below the edge energy. 13

First principle simulation

As shown by the contour lines of the metric distance D, our confidence factor to compare simulation and data, D is large when V0≥0 (figure 4). A well-defined minimum is found in the negative energy potential region for V0=-35±5 eV and a total negative surface charge Ch=-0.20±0.05, which corresponds to about 50 µC/cm 2 (1.5⋅10 15 platinum atoms/cm 2 ). The corresponding position of the positive ionic plane z0 results to be 3.1±0.5 Å. Although limited to some tenths of Ångstrom, the sensitivity is remarkable, considering that it refers to average position of a highly disordered plane.

total surface atomic charge

The agreement between experiments and simulation is here remarkably good, as shown in figure 3. Both intensity and fine structure are well reproduced for all the spectra, with the only exception of the intensity in the pathological spectrum recorded at (0 0 1.5) in σ polarization. The very good matching of best simulation with data confirms that the non-resonant Thomson diffusion by the Helmholtz ionic layer and the water absorption dependence from the photon energy are negligible, as assumed in our calculations.

The expected linear correspondence between V0 and the induced charge is verified as the best agreement with experiment follows a linear combination of these parameters, as it can be seen in figure 4.

Our calculations allow the description of the atomic charge on each surface plane. We found that the charge is not limited to the outer topmost Pt plane, but to the two topmost ones, Ch1=-0.47±0.1, Ch2=0.27±0.05, while the charges on the underlaying Pt3 and Pt4 planes are negligible, Ch3=+0.01 and Ch4=-0.01. Figure 5 gives a schematic representation of the charge distribution at the electrochemical interface. This is the first experimental observation of the presence of an electric dipole in the metal surface in absence of adsorption effects. These results support the presence of a negative capacitance for some Pt surface layers, as suggested by theoretical works to explain the presence of a peak near the pzc for the differential capacitance curve of Pt(111) [START_REF] Le | Modeling electrified metal/water interfaces from ab initio molecular dynamics: Structure and Helmholtz capacitance[END_REF] The sensitivity of this technique to the surface atomic charge associated to the Helmholtz layer can be checked comparing our best result with calculations without the Helmholtz potential (Figure 3). The anti-Bragg reflections calculated with V0=0 differ significantly from the experimental spectra. The effect is even stronger for the non-specular anti-Bragg reflection recorded with π polarization. It is indeed specifically sensitive to the electronic environment perpendicular to the surface, where the Helmholtz stands (see Hence, even if measurements were recorded at 0.350 VRHE, only some tens of mV lower than the Pt(111) pzc estimated equal to about 0.380 VRHE 28,10 , our data clearly demonstrate that here the surface model free of charge is not the adequate description. Previous ab initio molecular dynamic calculations already suggested that at the pzc, a partial charge transfer occurs from the solvating water layer to the Pt electrode leading to a dipolar polarization distribution along the interface normal 29 .

Analyzing the influence of the best matching Helmholtz potential on the individual metric distances Di (Table 1), the highest influence is found for the anti-Bragg signals; they are the most sensitive to surface contribution and Di diminishes by at least a factor two. The effect is even stronger for the non-specular anti-Bragg reflection recorded with π polarization. It is indeed specifically sensitive to the electronic environment perpendicular to the surface, where the Helmholtz layer stands. The only exception is the simulation of the specular spectrum in σ polarization, where a decrease by only 15% of the metric distance D6 is found. The Helmholtz potential still improves the reproducibility of the (0 1 1.3) spectrum in π polarization (-26% of D3),

while it has a smaller influence on the simulation of the (0 1 1.8) data (D4 and D5 decrease by about 10%).

As expected, due to the limited energy interval of the spectrum [START_REF]X-Ray Absorption, Principles, Applications, techniques of EXAFS, SEXAFS and XANES[END_REF] SRXRD is more sensitive to the charge distribution of the interface than to interplanar distances (S.I.6), moreover accessible with the classical surface X-Ray Diffraction technique.

CONCLUSIONS

Charges at the electrochemical interfaces play a major role in the performances of the electrocatalysts. Their knowledge is mandatory to fully understand the reaction mechanisms, allowing the performing of more efficient electrode materials.

Our work has proven that in situ SRXRD coupled with ab initio calculations provides a new tool giving access to the surface electronic charge distribution of electrochemical interfaces.

We succeeded in quantitatively describing the interface charge distribution of the Pt(111) in 0.1M H2SO4 archetypal system. At 350 mVRHE, close to the pzc potential value, a negative total surface atomic charge equal to -0.2±0.05 was found. This charge is actually distributed over the two last surface Pt layers, Ch1=-0.47±0.1, Ch2=0.27±0.05, corresponding to an electric dipole in the metal surface. We could determine the position of the positive counter ionic plane at 3.1±0.5 Å with a quite good sensitivity, despite its disordered structure.

Moreover, thanks to the site selection, this new approach will allow elucidating the partial charge transfer problem in presence of adsorbed species [START_REF] Schmickler | The partial charge transfer[END_REF] , identifying the individual element's charge (crystal surface, adsorbed molecules, electrolyte).

This method will make a valuable contribution to the up to now lacking experimental evidence of surface charge distribution, which is mandatory to validate the theoretical predictions. We believe that, beyond the here studied system, this new technique will allow an original and deeper comprehension of electrochemical processes.

Detailed description of the thin-film electrochemical cell used in the SRXRD in situ experiment and of the procedure followed to make the electrochemical experiments are given in 1 . We briefly remind here the main points.

-Surface preparation of the Pt(111) electrode in 0.1 M H 2 SO 4

We used a platinum (111) single crystal with an orientation accuracy of about 0.1° and a diameter of ca. 10 mm. Before each experiment, the Pt(111) surface was flame annealed (H 2 /air) and cooled down in a reducing atmosphere (Ar+H 2 10%), as described previously 2 . The Pt(111) crystal, protected with an ultrapure water drop, was then transferred to the home-made electrochemical PTFE cell, specifically dedicated to in situ diffraction experiments. Previous the transfer to the PTFE cell and before each SRXRD experiment, the quality and cleanliness of the surface were checked by cyclic voltammetry in 0.1 M H 2 SO 4 . using a PAR 273A potentiostat, as described in the following paragraph.

The saturated calomel electrode (SCE) was used as a reference. In the paper, the potential is expressed versus the reversible hydrogen electrode (RHE) potential (0 V SCE =+0.298 V RHE ).

- The intensity of the peak (c), very sharp and with a very small associated charge, as well as that of peak (d), is related to the to the surface quality and to the presence of long-range ordered (111) areas 4 .

Voltammograms made in the dedicated cell before each in situ SRXRD experiment present the same signatures. 

SI.2 Experimental SRXRD operation mode

The SRXRD spectra were collected measuring the intensity while adjusting the diffractometer settings to keep (H K L) fixed during the energy scan. In surface x-ray diffraction experiments this is called the stationary mode 5 . This procedure was adopted to get spectra with a sufficiently small energy step while maintaining the acquisition time compatible with the electrochemical cell life time and with the available beam time

The normalisation factor of each experimental spectrum is the ratio between the integrals of the abinitio and of the experimental data in the range [-40, 60] eV across the Pt L III -edge edge. Prior to normalization, the background spectrum, recorded detuning the azimuthal angle outside the rocking curve width, was subtracted and Lorentz correction was applied. The correction due to the energy dependent X-ray absorption by the electrolyte was not applied, as we did not exactly determine the thickness of the liquid in front of the crystal; however, it is expected to be negligible over the small (100 eV) energy interval of the spectra.

SI.3 Fitting of the (0 1 L) CTR with ROD package

A portion of the (01) CTR was measured at fixed energy for structural analysis. The intensity was collected at different L values along the rod by integrating the signal during a rocking scan (crystal rotation around the direction normal to the surface). The modulus of the structure factor was then extracted by the integrated intensity after applying standard correction factors related to the diffractometer geometry 6 . Structural parameters optimization was performed with the ROD package 7

, employing a χ 2 minimization for the refinement.

They are in very good agreement with previous in situ SXRD measurements on Pt(111) in 0.05MH 2 S0 4 in the same potential region, showing an expansion of the last surface plane by 1.8% 8 and 2.2% 9 compared to Pt(111) bulk value and a surface layer occupation slightly smaller than one. 

SI.4 Ab initio calculation

FDMNES works in direct space. It can operate using the multiple scattering theory with a muffin-tin approximation on the potential shape (spherically averaged in the atoms and constant between them)

or within the Finite Difference Method (FDM), which is a free-shape potential, whose details are given in reference 10 .

We used FDM because the presence of the surface makes the muffin-tin approximation rather poor, and more importantly, because the Helmholtz potential is otherwise difficult to be precisely described.

Calculations are made in the fundamental state. As excited states probed by the photoelectron are slightly shifted in energy, an empirical parameter is used to take into account for that. One calculation is performed per each non-equivalent absorbing atom. In the present case, calculations are made with four surface layers plus the bulk. There are thus five inequivalent Pt atoms (all the atoms in the same plane are equivalent) and consequently five independent calculations. From these last, the five resonant scattering amplitudes are calculated in dipolar approximation following the equation: For each of the five simulations, the volume of the calculation to get the 𝜑𝜑 𝑛𝑛 is centered on the absorbing atom up to a sphere with a chosen radius. This one is increased up to convergence in term of spectra shape, reached at 7 Å for this material.

𝑓𝑓 ′ (𝜔𝜔) -𝑖𝑖𝑓𝑓 ′′ (𝜔𝜔) = 𝑚𝑚 𝑒𝑒 ∑ � 𝐸𝐸 𝑛𝑛 -𝐸𝐸 𝑔𝑔 ħ �
Beside the agreement between theory and experiment, an important criterion to check the validity of the self-consistency and of the model is that the five calculations must give coherent electronic structures and Fermi levels.

Technical details

Following previous tests, the calculations have been made with a non-excited absorbing atom.

The fitting procedure minimizing the total metric distance D value gives also the energy shift, the same for all the reflections, applied to the simulations to compare them to the experimental spectra, not exciding 1 eV.

SI.5 Confidence factor

Each calculated spectrum 𝐼𝐼 𝑡𝑡ℎ 𝑖𝑖 (𝐸𝐸) is compared to the corresponding experimental one 𝐼𝐼 𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖 (𝐸𝐸) using the metric distance D i defined as Experiments and simulations were compared using the total metric distance D obtained as the sum of all the individual D i divided by the number of experimental spectra, as it has been used for many years in bulk resonant spectroscopy 12 .

𝐷𝐷 𝑖𝑖 = 1 2 � � 1 
𝑐𝑐
The error bars of V 0 and Ch i correspond to a D value deviation of 2% from its minimum. This procedure has been followed referring to the method based on the D factor largely used in the spectroscopic technique LEED 13 , as it presents large similarities with SRXRD both from the numerical and from the experimental point of view. This choice has already been previously used in resonant X-Ray diffraction experiments 14,15 . The D parameter behavior (figure S3) clearly shows that the last layer is expanded. Nevertheless, the expansion value cannot be determined with a good precision: D values are quite stable up to an expansion of about 6% (2.40 Å).

SI

Figure 1 .

 1 Figure 1. Scheme of the experimental geometry for the non-specular (0 1 L) reflections, collected in grazing incidence angle (α=1°). Two operating modes corresponds to incoming polarization parallel (ε σ ) or nearly perpendicular (ε π ) to the sample surface (incident beam electric field in the surface plane and forming an angle of 90°-α with it, respectively). z is the direction normal to the surface. The diffraction plane is also shown: it contains the diffraction vector Q, and the incoming (k in ) and outgoing (k out ) wave vectors. θB is the Bragg angle.

Figure 2

 2 Figure 2 gives a schematic representation of the potential visualizing the different parameters

Figure 2 .

 2 Figure 2. Total potential (continuous black line) as a function of the z coordinate perpendicular

Figure 3 .

 3 Figure 3. Normalized experimental spectra (black dots) recorded at (0 1 1.8), (0 1 1.3), (0 1 0.5) and (0 0 1.5) in σ and π polarizations and FDMNES ab initio calculations with (red continuous line) and without (blue continuous line) Helmholtz potential (V0=-35 eV, z0=3 Å, ∆V=5 Å, surface atomic charge Ch=-0.2).

Figure 4 .

 4 Figure 4. contour lines of the total metric distance D (given as a percentage) as a function of the V0 value describing the Helmholtz potential and the total surface atomic charge Ch.

Figure 5 .

 5 Figure 5. Schematic representation of the charge distribution, charge per platinum atom, at the

4 Figure

 4 FigureS1shows the voltammogram recorded on the Pt(111) crystal in 0.1M H 2 SO 4 in a glass cell with

Figure S1 :SCE

 S1 Figure S1: Voltammogram of Pt(111) in 0.1M H 2 SO 4 (black line), 50mV/sec. Green arrow indicates the potential applied during our measurements, 0.050 V SCE.

Figure S2 .

 S2 Figure S2. Pt(111) in H 2 S0 4 0.1M at 350 mV RHE : structure factor extracted from the experimental CTR (0 1 L) data recorded at 11568 eV in σ polarization after standard corrections and best fit signal obtained with ROD package (dotted line).

  𝑡𝑡ℎ 𝑖𝑖 𝐼𝐼 𝑡𝑡ℎ 𝑖𝑖 (𝐸𝐸) -Note that D i is given in percent. The E min and E max values have been set equal to 40 eV before the Pt LIII edge and 60 eV after the edge, respectively.

. 6 Figure S3 :

 6S3 Figure S3: Total metric distance obtained from FDMNES calculations with Helmholtz potential (V 0 =-30 eV, z 0 =3 Å, ∆ V =5 Å, Ch=-0.20 ) as a function of the interlayer distance d 12 between the two outermost surface Pt layers. The dotted vertical line indicates the bulk interplanar distance.

  

table 1

 1 

		No Helmholtz	Helmholtz
		D=1.19 (%)	D=0.75 (%)
	D 1 (0 1 0.5) σ pol.	0.97	0.55
	D 2 (0 1 0.5) π pol.	2.22	0.75
	D 3 (0 1 1.3) π pol.	1.36	1.01
	D 4 (0 1 1.8) σ pol.	0.73	0.63
	D 5 (0 1 1.8) π pol.	0.74	0.67
	D 6 (0 0 1.5) σ pol.	1.35	1.14
	D 7 (0 0 1.5) π pol.	0.98	0.51

).

Table 1 .

 1 Metric distances Di with the FDMNES simulation calculated for each experimental

	spectrum without and with the Helmholtz potential (V0=-35 eV, z0=3 Å, ∆V=5 Å, total atomic
	charge Ch=-0.20±0.05).)

  In the formula 𝜑𝜑 𝑛𝑛 and 𝜑𝜑 𝑔𝑔 are respectively the intermediate states above the Fermi energy E F and the core states. 𝐸𝐸 𝑛𝑛 and 𝐸𝐸 𝑔𝑔 are their energies, ħω is the incident photon energy, m e is the electron mass.𝝐𝝐 𝒊𝒊(𝒔𝒔) are the incoming (outgoing) polarization and 𝒓𝒓 stands for the position. It has been checked that the quadrupolar contribution is negligible at the studied edge. index the atoms in the surface unit cell, 𝑹𝑹 𝒂𝒂 is the atom position and 𝑸𝑸 = 𝐻𝐻𝒂𝒂 * + 𝐾𝐾𝒃𝒃 * + 𝐿𝐿𝒄𝒄 * is the diffraction vector. 𝑡𝑡 𝑎𝑎 is the site occupancy multiplied by a Debye-Waller attenuation term.Summing with the bulk contribution, 𝐹𝐹 𝐵𝐵 , one finally obtains the diffracted intensity 11 :

	2 ∑ �𝜑𝜑 𝑔𝑔 �𝝐𝝐 𝒔𝒔 * • 𝒓𝒓�𝜑𝜑 𝑛𝑛 ��𝜑𝜑 𝑛𝑛 �𝝐𝝐 𝒊𝒊 • 𝒓𝒓�𝜑𝜑 𝑔𝑔 � 𝑛𝑛,𝑔𝑔 ħ𝜔𝜔-�𝐸𝐸 𝑛𝑛 -𝐸𝐸 𝑔𝑔 �+𝑖𝑖 𝛤𝛤 2 The total structure factor for each atom is obtained adding the non-resonant Thomson contributions, 𝐸𝐸 𝑛𝑛 >𝐸𝐸 𝐹𝐹 (SI.1) 𝑓𝑓 0𝑎𝑎 𝐹𝐹 𝐼𝐼(𝑸𝑸, 𝜔𝜔)∝|𝐹𝐹 𝑆𝑆 (𝑸𝑸, 𝜔𝜔) + 𝐹𝐹 𝐵𝐵 (𝑸𝑸, 𝜔𝜔)| 2 (SI.3)

𝑆𝑆 (𝑸𝑸, 𝜔𝜔) = ∑ 𝑡𝑡 𝑎𝑎 𝑒𝑒 -𝑖𝑖𝑸𝑸.𝑹𝑹 𝒂𝒂 �𝑓𝑓 0𝑎𝑎 + 𝑓𝑓 𝑎𝑎 ′ (𝜔𝜔) -𝑖𝑖𝑓𝑓 𝑎𝑎 ′′ (𝜔𝜔)� 𝑎𝑎 (SI.2)

where a

. Ertl, G. Reactions at surfaces: from atoms to complexity (Noble Lecture). Angewandte Chem. Int. Ed.

2008, 47, 3524-3535.
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The electrochemical operation mode and the electrochemical cell for in situ SRXRD experiments are described in SI.1. The experimental procedure followed during SRXRD measurements is given in SI.2. Comparison of the fitting and the (0 1 L) CTR experimental signal is shown in figure S2 (section SI.3). The details of the ab initio calculations are given in SI.4. The description of the confidence factor used is detailed in SI.5. Figure S3 (section SI.6) displays the sensitivity of SRXRD spectra for the interplanar distance between the two outermost platinum surface layers.
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