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INTRODUCTION

Our society will increasingly need clean energy. Thus, battery energy storage to facilitate the development of electric transportation and the wide use of renewable intermittent energies will become more important than ever in the past. Autonomy, lifetime, safety, cost, and sustainability are the overriding figure of merits to be put forward in today's battery development roadmaps. However, the power performance, i.e. rate capability, often discarded, is also a variable to take into account in the improvement process to implement the battery usage in the full spectrum of energy-related devices. The rate capability of alkali metal-ion batteries is intuitively correlated to the ions' transport properties in the bulk of the electrolyte, e.g. ionic conductivity and transference number, which has been a pivotal point for the development of current electrolyte formulations and their further improvement regarding the charge carrier's transport through understanding the ion-ion and ion-solvent interactions. [1][2][3][4] The enhanced ionic transport properties when moving from lithium to potassium ions is rationalized by the weaker Lewis acidity of the latter. 5 This results in a smaller Stockes radius, i.e., cation and its solvation shell, and therefore an easier vehicle-type displacement in the bulk of the electrolyte when a concentration gradient is imposed. Another parameter, not to be disregarded, is the desolvation energy of the cation in the bulk of the electrolyte, which is modified when moving from Li + to Cs + within the alkali metal column. Regardless of the nature of the electrolyte (non-aqueous or aqueous), the desolvation energy decreases when moving from lithium to potassium ion. Worth noting also is that the dehydration energy is yet always higher than desolvation energy in an organic electrolyte. 5,6 To examine the factors that may affect the rate performance, it is convenient to split the insertion mechanism into several steps, in which the solvated cation diffuses from the bulk of the electrolyte to the electrode interface, then it desolvates, is inserted in the host material and subsequently diffuses in the bulk of the material. The insertion mechanism can alter depending on the surface chemistry of the electrode 7 and by the evolution of the surface, such as solid electrolyte interface (SEI) or cathode electrolyte interface (CEI) formation. 8,9 In the latter cases, the role of ion transfer across solution/ SEI (or CEI) and across SEI (or CEI)/electrode interface on the rate capability should also be taken into account. 8 Therefore, it is evident that determining the predominant factor affecting the rate capability of electrodes is a complex issue and requires careful consideration of several aspects with suitable experimental as well as computational methods.

Our group previously evidenced that the insertion process in Li-ion host material (shown for LiFePO 4 (LFP)) is assisted by solvent molecules at the electrode-electrolyte interface (EEI). 10 In addition, this solvent-assisted mechanism seems to govern the rate capability difference found between the organic and aqueous electrolytes. This can be explained by a higher desolvation energy of Li ions at the organic than at the aqueous electrolyte interface, in contrast with the expectations based on the bulk properties. 10 To strengthen the robustness of the results obtained with the Li-ion host, LFP, concerning the solvent-assisted insertion mechanism and the prominence of the solvation shell on the rate capability, we decided to explore other alkali metal-ion batteries. Potassium ions that feature a smaller and weaker solvation shell in the bulk of the electrolyte appear as the ideal candidates to untangle the different steps taking place during the cation insertion and to confirm the significance of the desolvation step. Thus, a K-ion host, Prussian Blue (PB, ) has been selected herein as a model compound. Potassium ions can be inserted in the PB phase either in aqueous [11][12][13] and nonaqueous electrolytes. [START_REF] Zhang | Potassium Prussian Blue Nanoparticles: A Low-Cost Cathode Material for Potassium-Ion Batteries[END_REF] Another benefit of PB is that it can be electrodeposited, enabling an easy thickness and morphology control of the deposits. It can be noted that FePO 4 is also known as K-ion host; however, K + can only be inserted in the amorphous and porous phase, which is incompatible with purely gravimetric measurements. 15 To convey our results, we will first report the electrodeposition of the PB thin films that thickness-homogeneity and surface roughness are conform for an operando EQCM study, prior to present the electrochemical-gravimetric analyses performed to demonstrate the prominence of the ions' desolvation step on the battery kinetics. Then, combined experimental (EIS and EQCM coupling, also called ac-electrogravimetry) and computational methods (classical molecular dynamics simulations at fixed potential) are presented to identify the species involved in the interfacial processes and the structure of the electrochemical double layer, respectively, prior to propose a clear picture of the dynamic electrodeelectrolyte interface during the insertion process. Altogether, we unambiguously demonstrate that K + insertion in Prussian Blue phase follows the same rate capability discrepancy between aqueous and non-aqueous electrolytes, alike what we had previously reported for the aqueous or nonaqueous Li + insertion in LiFePO 4 . 10 

MATERIALS AND METHODS

Prussian Blue thin film electrode preparation:

The PB phase was prepared by electrodeposition at the surface of a gold disk electrode or directly on one side of the gold patterned quartz resonator (8.95 MHz ± 50 kHz, QA-A9M-AU(M)). The EQCM electrode was protected in a dedicated mask exposing only the gold surface area of 0.196 cm 2 . The phase was deposited from a solution containing 0.01 mol.L -1 HCl (37 %, Carlo Erba), 0.02 mol.L -1 K 3 [Fe(CN) 6 ] (> 99 %, Sigma-Aldrich) and 0.02 mol.L -1 FeCl 3 (> 98%, Alfa Aesar). The solutions were prepared separately at higher concentration to be diluted to the desired concentration and mixed in the mentioned order prior usage. A 3 mm diameter graphite rod (Sigma-Aldrich) and Hg/Hg 2 SO 4 (saturated K 2 SO 4 ) protected with a frit containing a solution of K 2 SO 4 0.25 mol.L -1 (99 %, Alfa Aesar) were used as the counter and the reference electrode, respectively. The solution was stirred during electrodeposition time. A -40 µA.cm -2 cathodic current (-7.84 µA for a surface area of 0.196 cm²) was applied during different period of time: 150, 300, 450 and 600 s, to obtain different thicknesses of PB film: 100, 200, 300 and 400 nm, respectively (see Supporting Information, part 3-5). The PB phase is formed following this redox Equation 1:

3 4 3 ⇄ Equation 1
A 1 µm thick film was prepared at the surface of a gold disk electrode to check the structural phase by X-ray diffraction. Then, the films were cycled 15 times in aqueous medium containing 0.25 mol.L -1 K 2 SO 4 at pH 3.5 to insert potassium ion in the structure which was described in the literature to result in the removal of one ferric iron, [START_REF] Itaya | Electrochemistry of Prussian Blue Modified Electrodes: An Electrochemical Preparation Method[END_REF][START_REF] Mortimer | Iron Hexacyanoferrate Films : Spectroelectrochemical Distinction and Electrodeposition Sequence of 'Soluble' (K + -Containing) and 'Insoluble' (K + -Free) Prussian Blue, and Composition Changes in Polyelectrochromic Switching[END_REF] as shown in the Equation 2:

3 ⇄ 3 Equation 2
After this step, the films can be cycled in the same aqueous electrolyte or in a non-aqueous electrolyte (0.5 mol.L -1 KPF 6 in 50:50 ethylene carbonate (EC) and diethyl carbonate (DEC)). For the latter, the films were dried under vacuum overnight at 80 °C.

2.2.

Materials characterization:

X-ray diffraction (XRD) was performed to confirm the success of the synthesis using a BRUKER D8 Advance diffractometer with Cu Kα radiation (λ Kα1 = 1.54056 Å, λ Kα2 = 1.54439 Å). Rietveld refinement, [START_REF] Rietveld | A Profile Refinement Method for Nuclear and Magnetic Structures[END_REF] was performed to obtain structural parameters as implemented in the FullProf suite. [START_REF] Rodríguez-Carvajal | Recent Advances in Magnetic Structure Determination By Neutron Powder Diffraction[END_REF] The crystal structures shown in this work were drawn with the VESTA visualization program, [START_REF] Momma | VESTA 3 for Three-Dimensional Visualization of Crystal, Volumetric and Morphology data[END_REF] using the crystallographic information obtained from Rietveld refinements.

Additionally, the morphology of the electrodeposited films was observed by Scanning Electron Microscopy (SEM) with a SU-70 Hitachi FEG-SEM (accelerating voltage of 5 keV). The sample was covered with a thin layer of gold (10 nm) using a plasma sputtering coater (MTI, GSL-1100X-SPC-12).

Electrochemical characterization:

Electrochemical-gravimetric measurements:

The specifically designed EQCM cell was kept at 25 °C during the experiment thanks to a temperaturecontrolled oven. A commercial SEIKO QCM922A microbalance was connected to the cell through a BNC cable to monitor the resonance frequency change (f) along with the motional resistance during the electrochemical processes. The microbalance was coupled with a SP-200 potentiostat (Bio-Logic SAS), which permitted the recording of microbalance outputs and the realization of simultaneous electrochemical measurements. Prior to the measurement, the EQCM was calibrated to determine the experimental sensitivity coefficient (i.e.

proportionality constant between the change of quartz frequency and change of mass) in the Sauerbrey equation. [START_REF] Sauerbrey | Verwendung von Schwingquarzen zur Wägung dünner Schichten und zur Mikrowägung[END_REF] Here, an experimental sensitivity coefficient of 1.21 ± 0.03 ng Hz -1 was used, the details were previously given. 10 The electrodes were cycled in the desired electrolyte: KPF 6 0.5 mol.L -1 in EC:DEC 1:1 for the organic electrolyte or K 2 SO 4 0.25 mol.L -1 (pH 3.5) for the aqueous analogue. For aqueous electrolyte, a 3 mm diameter graphite rod (Sigma-Aldrich) and Hg/Hg 2 SO 4 (saturated K 2 SO 4 ) were used as the counter and the reference electrodes, respectively. For organic electrolyte, potassium metal (99.9 %, Sigma-Aldrich) of 2 mm were punched to be used as both counter and reference electrodes. All the cell parts were dried overnight at 80 °C before being assembled in an Ar-filled glovebox (MBraun, O 2 and H 2 O < 0.1 ppm), before each experiment using non-aqueous electrolytes.

Ac-electrogravimetry: Ac-electrogravimetric

measurements were carried out by using a fourchannel frequency response analyzer (Solartron 1254 FRA) and a laboratory-made potentiostat and QCM. The QCM was used under dynamic regime, working electrode (PB coated EQCM electrode mentioned in Section 2.3.1) was polarized at a selected potential, and a small-amplitude potential perturbation (40 mV rms) was superimposed. The frequency range was between 63 kHz and 10 mHz for the potential modulation. The details of the measurement were given elsewhere. 11,[START_REF] Arias | New Insights into Pseudocapacitive Charge-Storage Mechanisms in Li-Birnessite Type MnO2 Monitored by Fast Quartz Crystal Microbalance Methods[END_REF][START_REF] Escobar-Teran | Charge Storage Properties of Single Wall Carbon Nanotubes/Prussian Blue Nanocube Composites Studied by Multi-Scale Coupled Electrogravimetric Methods[END_REF] Further details and theoretical background are given in Supporting Information, part 8.

2.4.

Classical Molecular Dynamics simulations: Classical MD simulations of 0.25 mol.L -1 K 2 SO 4 in H 2 O and 0.5 mol.L -1 KPF 6 in 50:50 ethylene carbonate (EC) and diethyl carbonate (DEC) between two planar Au(100) electrodes at a fixed potential difference of 0 V were performed with the MetalWalls code. [START_REF] Marin-Laflèche | MetalWalls: A Classical Molecular Dynamics Software Dedicated to the Simulation of Electrochemical Systems[END_REF] Each electrode is made of 5 layers, 162 Au atoms each, while the electrolyte is composed of 25 K 2 SO 4 ion pairs and 5500 H 2 O molecules for the aqueous system and of 50 KPF 6 ion pairs and 558 EC / 558 DEC molecules for the non-aqueous system.

The SPC/E 25 model was chosen for water, while force field parameters for EC and DEC were taken from OPLS [START_REF] Jorgensen | Development and Testing of the OPLS All-Atom Force Field on Conformational Energetics and Properties of Organic Liquids[END_REF] with charges adopted in Chaudhari et al. [START_REF] Chaudhari | Scaling Atomic Partial Charges of Carbonate Solvents for Lithium Ion Solvation and Diffusion[END_REF] In the aqueous system, the Lennard-Jones parameters for K + and force field parameters for SO 4 2-were taken from Yu et al. [START_REF] Yu | Simulating Monovalent and Divalent Ions in Aqueous Solution Using a Drude Polarizable Force Field[END_REF] and Pegado et al. [START_REF] Pegado | Solvation and Ion-pairing Properties of the Aqueous Sulfate Anion: Explicit versus Effective Electronic Polarization[END_REF] respectively, with charges scaled by 0.94. In the non-aqueous systems, the Lennard-Jones parameters for K + were taken from OPLS, [START_REF] Jorgensen | Development and Testing of the OPLS All-Atom Force Field on Conformational Energetics and Properties of Organic Liquids[END_REF] while force field parameters for PF 6 -from Canongia Lopes et al. [START_REF] Lopes | Modeling Ionic Liquids Using a Systematic All-Atom Force Field[END_REF] Finally, Lennard-Jones parameters introduced by Heinz et al. [START_REF] Heinz | Accurate Simulation of Surfaces and Interfaces of Face-Centered Cubic Metals Using 12-6 and 9[END_REF] were adopted for Au(100). Mixed Lennard-Jones parameters for all of the different atom types were obtained using the Lorentz-Berthelot combination rules.

2D periodic boundary conditions were employed, with no periodicity on the direction normal to the Au surface and box dimensions along x and y directions of Lx = Ly = 36.63 Å. Electrostatic interactions were computed using a 2D Ewald summation method, with a cut-off of 12 Å for the short-range part. The simulation boxes were equilibrated at constant atmospheric pressure by applying a constant pressure force to the electrodes. The electrodes separation was then fixed to the equilibrium value. An equilibration run of 2 ns in the NVT ensemble (T = 298K) was then performed. After equilibration, production runs of 40 ns have been collected in the NVT ensemble (T = 298K), with the electrodes potential fixed to 0 V. Note that this corresponds to point of zero charge (PZC) conditions, but previous simulations works have shown that for such concentrated electrolytes the structure of the double-layer (characterized by the distance of the ions to the electrodes and their solvation shell at the interface) is not affected much in the range of experimentally accessible potentials. [START_REF] Marin-Laflèche | MetalWalls: A Classical Molecular Dynamics Software Dedicated to the Simulation of Electrochemical Systems[END_REF] The Gaussian charge distribution width of the gold atoms was fixed to a value of 0.40 Å to mimic the low metallic character [START_REF] Serva | Effect of the Metallicity on the Capacitance of Gold-aqueous Sodium Chloride Interfaces[END_REF] of the Prussian blue electrode used in the experiments. The time step was set to 1 fs for K 2 SO 4 in H 2 O and 2 fs for KPF 6 in EC:DEC.

RESULTS AND DISCUSSION

Phase preparation and characterization:

The PB phase was prepared by electrodeposition at the surface of gold patterned quartz resonators in an acidic solution containing ferric and ferricyanide ions. A constant -40 µA.cm -2 cathodic current was applied during different periods of time ( ): 150, 300, 450 and 600 s, to obtain theoretical thicknesses of 100, 200, 300 and 400 nm, respectively. The electrochemical curves for electrodeposition procedure are plotted in Figure 1a. They show a plateau of potential, which is independent of the deposition time, characteristic of the electrodeposition (Prussian Blue) following Equation 1. The resonant frequency of the quartz resonator was monitored during the electrodeposition process and the opposite of the frequency change (directly proportional to the mass change) is represented in Figure 1b. The mass linearly increases and its slope is practically independent of the electrodeposition time, indicating the formation of films with different thickness but rather similar molar mass. As evidenced by their low motional resistance change with respect to their loadings, the films with nominal thicknesses ≤ 300 nm are suitable for electrogravimetric studies as given in Figure 1c (details can be found in the Supplementary Information, part 3).

The FEG-SEM images of the films (shown only for the 100 nm film thickness in Figure 1d) indicate that the electrodeposited films are conformal and sufficiently flat at the surface of the quartz resonator, independently of the film thickness. In addition to the resonators used as substrates for EQCM studies, a relatively thick film (1 µm, of 1500 s) of PB was also prepared on a gold disk electrode. X-ray diffraction was used to characterize the electrodeposited phase, the XRD pattern is presented in Figure 1e. It shows both intense peaks characteristic of the gold substrate and relatively less intense peaks, which can be indexed in a cubic 3 unit cell, in agreement with the reported PB phase. Figure 1f depicts the structural model deduced from the Rietveld refinement, which shows a cubic structure with a lattice parameter of 10.1240(5) Å.

Electrochemical and electrogravimetric analyses:

Rate capability assessment:

After the 15 cycles of pre-treatment, the potassium ions are inserted in the PB structure, as shown in Equation 3:

⇄ Equation 3
The rate capability assessment is performed on PB films of different thickness, which were cycled in an aqueous electrolyte composed of K 2 SO 4 0.25 mol.L -1 (pH 3.5) and in non-aqueous electrolyte composed of KPF 6 0.5 mol.L -1 in EC:DEC 1:1. The K + concentration was kept constant at 0.5 mol.L -1 between the two media, for the sake of comparison. Here K 2 SO 4 salt was preferred over KCl to avoid the Cl -insertion into the PB structure [START_REF] Itaya | Electrochemistry of Prussian Blue Modified Electrodes: An Electrochemical Preparation Method[END_REF][START_REF] Garcıá-Jareño | Study of Prussian Blue (PB) films by ac-electrogravimetry: influence of PB morphology on ions movement[END_REF] and above mentioned organic electrolyte is the most frequently used by the battery community according to Hwang et al. [START_REF] Hwang | Recent Progress in Rechargeable Potassium Batteries[END_REF] The film was solely reversibly cycled between Prussian Blue ) (Equation 3), without reaching the Prussian Green phase (

). Frequency change (translated into mass change) and absolute motional resistance were simultaneously monitored during cyclic voltammetry (CV) at various scan rates. The results obtained for each electrolyte and at each scan rate are gathered in the Figure 2.

Although all films have been cycled, results are solely reported for the 100 nm thick film as no difference was detected as a function of the thickness. The motional resistance, R (Figure 2, bottom panel) drastically increases from aqueous to non-aqueous electrolyte, which is easily explainable by the Kanazawa and Gordon equation, [START_REF] Keiji Kanazawa | The Oscillation Frequency of a Quartz Resonator in Contact With Liquid[END_REF] and is related to the increase of liquid viscosity and density (from H 2 O to EC:DEC). In addition, shows no variation in both electrolytes during CV regardless of the scan rates. The steadiness of the motional resistance monitoring proves the rigidity retention, [START_REF] Levi | Application of a Quartz-Crystal Microbalance to Measure Ionic Fluxes in Microporous Carbons for Energy Storage[END_REF] during the potassium insertion/extraction and therefore the purely gravimetric regime (see Supporting Information file, part 3). It is noted that for the present binder-free inorganic coatings, EQCM-R is perfectly suitable to evaluate the gravimetric regime. These results were also in good agreement with the electroacoustic measurements. [START_REF] García-Jareño | Validation of the Mass Response of a Quartz Crystal Microbalance Coated with Prussian Blue Film for Ac Electrogravimetry[END_REF] Classical electrochemical response (Figure 2, top panel) of PB was observed in both aqueous and organic electrolytes. Aqueous electrolyte presents sharper peaks than organic electrolyte even if the CV has been performed at faster scan rates. Moreover, the non-aqueous electrolyte shows a larger hysteresis between the oxidation and reduction peaks. Altogether, these features evidence the lower rate capability of the PB phase in non-aqueous electrolyte. To quantify the difference in the rate capability, the charge passing through the system during reduction was measured for the various scan rate in both electrolytes (Figure S5). The PB films with a thickness of ~100 nm leads to a specific discharge capacity of 85.9 mAh.g -1 obtained in aqueous electrolytes, which nearly equals the theoretical capacity of (87.33 mAh.g -1 ). In non-aqueous electrolytes, discharge capacity values approaching to that in the aqueous electrolyte is nearly obtained, but at very low cycling rate. The reason why the curves were found to cross at very low rate and diverge at high rate is typical of kinetic limitations (Figure S5). The similarity of the results previously obtained with the LFP phase 10 proves that changing the alkali metal ion does not affect the rate capability trend found between aqueous and non-aqueous electrolytes. The mass response of the electrodes (Figure 2, middle) also reveals the difference of rate capability. A more pronounced hysteresis is observed in organic electrolyte and it is confirmed further in the spreading of the mass change over a larger potential window. Lastly, when the scan rate increases, almost no difference is visible in the total mass variation in water-based electrolyte, which is the opposite behavior in the organic counterpart, further stressing the rate capability difference between both electrolytes.

Determination of the rate-limiting step:

The CV and EQCM-R analyses in the previous section clearly demonstrated a difference in rate capability due to a change in the electrolyte solvent (H 2 O to EC:DEC), but a remaining question regards the origin of such a difference. The insertion mechanism can be broken down into various steps: i. diffusion of the solvated cation from the bulk of the electrolyte to the electrode interface, ii. desolvation of the cation (termed as specific adsorption of a solvated cation which occurs through a charge transfer between the electrode and the adsorbed ion [START_REF] Waegele | How Cations Affect the Electric Double Layer and The Rates and Selectivity of Electrocatalytic Processes[END_REF] ), iii. insertion of the bare cation in the host material related to the charge transfer and iv. diffusion of the cation in the bulk of the material. [START_REF] Xu | Li + -Solvation/Desolvation Dictates Interphasial Processes on Graphitic Anode in Li Ion Cells[END_REF] These different steps are sketched in Figure 3. In addition to these steps, the surface layer formation, such as SEI or CEI can modify the ion insertion mechanism and in this case the ion transfer across solution/ SEI (or CEI) and across SEI (or CEI)/electrode interface should also be considered among the predominant steps. 8 To explain the difference of kinetics, the rate-limiting step needs to be identified, bearing in mind all the processes mentioned above.

First of all, ions' transport properties in the bulk of the electrolyte is investigated, 2 to see if this difference of behavior can be explained by the dissimilarity in liquid ionic conductivity of the two types of electrolytes. The ionic conductivities were experimentally measured for both aqueous and non-aqueous electrolytes and are equal to 42.8 mS.cm -1 and 6.39 mS.cm -1 , respectively. A significant dissimilarity is found; however, using the Nernst-Einstein equation, the liquid ionic diffusion coefficient of potassium ion is estimated and turns out to be in the same order of magnitude of 10 -5 cm 2 .s -1 for both electrolytes. This diffusion coefficient is much higher than that in the bulk of the material.

Moreover, it should be counterbalanced by the use of slower scan rates in the organic electrolyte; such an effect is not observed in neither the CV nor the EQCM results. These points make the liquid diffusion unlikely to be the rate-limiting step.

As a next step, the transport properties inside the electrode were investigated. To this end, the K + diffusion coefficient in PB was scrutinized by two different electrochemical techniques. Firstly, Potentiostatic Intermittent Titration Technique (PITT) was used at different potentials during potassium insertion and extraction in both electrolytes, according to the protocol developed in the Supplementary Information, part 1 and Figure S1. PITT analysis was applied to the PB films with different thicknesses; the results are gathered in Figure S2. The first prominent result is the good agreement between the diffusion coefficient estimated during ion insertion and extraction, regardless of the film thickness and the electrolyte. Moreover, the solid diffusion coefficient is logically independent of the film thickness. Finally, the absolute value of the diffusion coefficient is also equivalent (≈ 10 -12 cm².s -1 ) in water-based and EC:DEC-based electrolytes. As expected, the solid diffusion coefficient of potassium ion is several orders of magnitude smaller than the liquid ionic diffusion coefficient.

For the sake of comparison, the solid diffusion coefficient of potassium ion was also estimated by using the Randles-Sevcik equation and the CV responses performed earlier for rate capability assessment (Figure 2, upper panels). The Figure 4c gathers the results obtained for insertion and extraction peaks, for the different film thicknesses in the two electrolytes.

As for the PITT results, no difference is detected between insertion and extraction process in both electrolytes (Figure 4c). However, a massive dissimilarity is present between aqueous and nonaqueous electrolytes, when the solid diffusion coefficient is estimated by the Randles-Sevcik equation (Figure 4c). Two orders of magnitude separate the two electrolytes. Comparing the results obtained by the Randles-Sevcik equation with the previous PITT results (for the 200 nm thick film in Figure 4), a good agreement exists between the results obtained in water-based electrolyte by the Randles-Sevcik equation and those obtained by PITT measurements in both electrolytes. This equality further demonstrates that the solid diffusion is not the rate-limiting step. As compared to PITT that is performed at equilibrium, the Randles-Sevcik is a dynamic technique by nature. The latter also captures transport phenomenon occurring at the interface. It is therefore likely that the interfacial properties are the key to explain the difference between the two types of electrolytes. Regarding the two remaining steps, i.e. desolvation and charge transfer (in the absence of any alteration of the structure of the film/electrolyte interface due to a SEI or CEI layer formation), it can be supposed that the charge transfer only depends on the material, which has been kept constant during this study. The absence of a surface layer formation has been verified by EQCM-R results and discussed in 3.2.3. Then, the desolvation taking place at the particular EEI can be hypothesized as the prominent step, affecting the battery performance by impeding the insertion kinetics.

First evidence of the potassium solvation shell at the interface:

The desolvation process taking place at the interface can be probed by operando EQCM analyses. Figure 5 shows the comparison between the electrochemical mass variation associated to the potassium insertion/extraction processed from the charge passing through the system (thanks to the Faraday's law) and the mass variation estimated by the Sauerbrey equation for both electrolytes using the EQCM data presented in Figure 2. The trends are totally different when electrolytes are compared. A drastic difference in mass variation can be observed in the case of the aqueous electrolyte, whereas, in the organic counterpart, these values fit smoothly. As mentioned in Section 3.2.2, CEI formation can modify the ion insertion mechanism. It is noted that there is no noticeable irreversible mass which would correspond to a CEI layer formation, 8 in the organic electrolyte within the voltage window of the study (Figure 5b). Additionally, the R m values during the measurements shown in Figure 2b and 5b remain unchanged, CEI formation would increase this value (acting as a perturbation for the acoustic wave which finds more difficulties in crossing the passivating layer). Therefore, it is not taken into account among the possible reasons behind the rate limitations difference observed here, between aqueous and organic electrolytes. This more complex response observed for the aqueous case is a first hint towards the participation of water molecules into the insertion mechanism, as this result demonstrates the involvement of a species with a molar mass higher than K + . Such a mass difference corresponds to a nearly 100 Hz difference between theoretical and experimental frequency changes, leading to around 0.61 water molecule per K + . The mass per electron, / value, was also calculated and represented in the Figure S6 for both electrolytes. These values corroborate the previous findings (Figure 5). In the aqueous electrolyte, the / shows V-shaped curves with a minimum around the insertion/extraction redox potential of potassium insertion into the PB phase at a higher molar mass than K + , while in the organic counterpart, this value remains steady on a larger potential window, with an absolute value very close to that of the bare K + . It can be noted that the lower values on the extremities of the potential window may indicate the presence of H 3 O + or H + into the charge compensation process, as already reported. 11,[START_REF] Kim | Redox Switching of Prussian Blue Thin by Ac-electrogravimetry[END_REF] As schematically pictured in Figure 3a, the desolvation process occurs in the particular electrochemical double layer (EDL) region, which is at the close vicinity of the polarized material. To demonstrate the participation of this process in the QCM measurements, the hydrodynamic layer formed at the surface of the vibrating resonator needs to be compared with the typical width of the double layer. The penetration depth, , (transverse acoustic wave propagates for a short distance from the crystal surface to the liquid layer) is the characteristic dimension of the moving liquid layer, as represented in Figure 3a. The values are here equal to 189 and 225 nm in water and EC:DEC, respectively (with = 1145 kg.m -3 and = 1.64 10 -3 Pa.s for the EC:DEC mixture, according to Wang et al [START_REF] Wang | Degradation of an Ethylene Carbonate/Diethyl Carbonate Mixture by Using Ionizing Radiation[END_REF] ) (for 9 MHz resonators used in this study). The characteristic dimension of the EDL is the Debye length, , which can be obtained thanks to the following Equation 4:

10

Equation 4

where is the vacuum permittivity (8.84 10 -12 F.m - 1 ), is the relative permittivity (80.1 for water and 40.6 for the EC:DEC mixture [START_REF] Naejus | Excess Thermodynamic Properties of the Ethylene Carbonate-Trifluoroethyl Methyl Carbonate and Propylene Carbonate-Trifluoroethyl Methyl Carbonate Systems at[END_REF] ), is the Boltzmann constant (1.38 10 -23 J.K -1 ), is the temperature (K), is the Avogadro constant (6.02 10 23 mol -1 ), is the elementary charge (1.60 10 -19 C) and is the electrolyte ionic strength defined as in Equation 5:

1 2 Equation 5
where is the charge number of ion and is its molar concentration. A value of 0.355 nm was calculated for the K 2 SO 4 0.25 mol.L -1 aqueous electrolyte while 0.309 nm was found for KPF 6 0.5 mol.L -1 EC:DEC-based electrolyte. These values are significantly smaller than the respective penetration depths (189 and 225 nm). To fully relate these two variables, the velocity of the moving layer needs to be assessed at the extremity of the EDL. As depicted in Figure 3a, the velocity of the damped acoustic wave follows an exponential decay parallel to the surface normal, as (Equation 6):

/ Equation 6
For both electrolytes, the / ratio gives rise to the value of 0.998, meaning that any ions present in the EDL region are moving in phase with the solid surface, even though they are not rigidly attached to it. [START_REF] Tsionsky | Weighing Ions in Solution with the Quartz Crystal Microbalance[END_REF] Therefore, according to the aforementioned analytical treatment, the ions fluxes and especially the desolvation process occurring in the close vicinity of the EDL contribute to the frequency change, are detected and quantifiable. Tsionsky and co-workers proposed the formation of a "viscous layer" in the EDL region on a flat surface. [START_REF] Tsionsky | Weighing Ions in Solution with the Quartz Crystal Microbalance[END_REF][START_REF] Tsionsky | Response of the Electrochemical Quartz Crystal Microbalance for Gold Electrodes in the Double-Layer Region[END_REF] According to their studies, the accumulation of cations in this region due to the negative polarization causes an increase in the local viscosity, which can contribute to the frequency change. Their interpretation originates from the observation of a frequency shift of -5 Hz with a 6 MHz quartz resonator, corresponding to -11.3 Hz with the 9 MHz quartz resonators used in this study. Therefore, this contribution is negligible in the case of PB film with a relatively flat surface, especially when the difference between the experimental and theoretical frequency changes are around 100 Hz for the aqueous electrolyte and matching for non-aqueous ones. Moreover, no energy, i.e. no motional resistance change, is dissipated due to viscoelastic changes during the potassium insertion/extraction in our PB electrode (Figure 2, bottom panel). These results demonstrate that the desolvation process taking place at the interface is at the origin of the difference between theoretical and experimental frequency shifts (Figure 5a).

In summary, the analyses of the operando EQCM -R results have indicated the absence of organic solvent molecules in the environment of the potassium ions, whereas they are still partially hydrated (0.61 water molecules per K + obtained from Figure 5a) at the electrode-electrolyte interface and particularly in the EDL region. Note that water co-insertion was discarded in our explanatory, since there is no difference detected in potassium ions' solid diffusion coefficient between aqueous and non-aqueous electrolytes (Figure S2).

Final evidence of the involved species at the EEI and their associated interfacial kinetics:

i) Identification of the nature of species and their dynamics at EEI: At this stage, pairing EQCM with EIS measurement (the so-called acelectrogravimetry) was used to deconvolute the complex insertion processes at the EEI by identifying the species by their molar mass, together with the respective kinetics of interfacial transfer. Alike typical EIS measurements, a suitable model for each system needs to be developed to extract parameters related to the interfacial transfer and the desolvation process. The model and the fitting methodology of the acelectrogravimetric results have been previously described and briefly recalled in the Supplemantary Information, part 8. 11,[START_REF] Arias | New Insights into Pseudocapacitive Charge-Storage Mechanisms in Li-Birnessite Type MnO2 Monitored by Fast Quartz Crystal Microbalance Methods[END_REF][START_REF] Escobar-Teran | Charge Storage Properties of Single Wall Carbon Nanotubes/Prussian Blue Nanocube Composites Studied by Multi-Scale Coupled Electrogravimetric Methods[END_REF] Ac-electrogravimetric measurements were carried out at various stationary potentials in the same potential range used for the EQCM measurements (Figure 2), both in aqueous and nonaqueous electrolytes. The ac-electrogravimetric results obtained at -0.25 V vs. Hg/Hg 2 SO 4 and 3.2 V vs. K + /K 0 are shown in Figure 6a,c andb,d, respectively. The charge/potential transfer function (TF), / , has been presented instead of classical impedance representation (i.e. potential/current TF, / ) where the following relation exists between the two:

(with : the electrolyte resistance and : the double layer capacitance). This representation is more convenient to decouple the contribution of charged species, as one loop corresponds to one charged species. For aqueous electrolyte, the collected spectrum of / at -0.25 V vs. Hg/Hg 2 SO 4 shows two loops implying that two charged species (ion 1 and ion 2) involved in the charge compensation process (Figure 6a). The experimental / TF was fitted with the theoretical equation given in Equation S12, involving two ionic species. A good agreement is found between the experimental and theoretical curve in Figure 6a, both in terms of shape and frequency distribution. The fitting parameters, (kinetics of transfer) and (related to interfacial transfer resistance), are obtained for the two ions. At this stage, it is not possible to identify these ionic contributions. Then, to identify and clarify the contribution of the charged and also uncharged species (free electrolyte molecules), the experimental mass/potential transfer function / , the second main TF of the measurement is analyzed (Figure 6c). One big loop appears in the 3 rd quadrant which is characteristic for cation contribution or free solvent molecules, transferred in the same flux direction as cations. 11,[START_REF] Arias | New Insights into Pseudocapacitive Charge-Storage Mechanisms in Li-Birnessite Type MnO2 Monitored by Fast Quartz Crystal Microbalance Methods[END_REF][START_REF] Kim | Redox Switching of Prussian Blue Thin by Ac-electrogravimetry[END_REF] The mass/potential transfer function / is fitted using theoretical equation given in Equation S15. The and parameters for the charged species, previously estimated in the fitting of the / TF, are used. Three cationic species were considered to fit the mass/potential TF: K + , H + and H 3 O + . Two possible couples were investigated, keeping in common K + : K + /H + and K + /H 3 O + . Both have been tested to fit the mass/potential TF but neither of them were satisfactory due to the impossibility to fit the massive negative loop with the combination between their molar mass and their estimated fitting parameters and . Contribution from water molecules was thus injected into the model, allowing a better agreement between the fit and the experimental mass/potential TF. The different permutations of the listed species were considered and the two partial mass/potential TFs (Equation S17, a crosscheck procedure of the fitting described in the Supporting Information) were tested to further verify the unicity of the fitting parameters. In the end, only the model enlisting K + , H 2 O and H + at high, medium and low frequency, respectively, resulted in a satisfactory fit, in terms of shape and frequencies.

Concerning the ac-electrogravimetry in the nonaqueous medium, the same fitting protocol was performed. The collected spectrum of / at 3.2 V vs. K + /K 0 , represented in Figure 6b, shows only one loop implying that only one ion (ion 1) is involved in the interfacial process. One loop is also present in the 3 rd quadrant of the mass/potential TF, demonstrating the participation of one cation or free solvent molecules in the same flux direction as the cation. Despite the measurement down to the LF range of about 1 mHz, the loops are not closed and do not form a complete semi-circle due to the instrumental and time limitations (2-3 h for each potential), demonstrating the slow kinetics of the interfacial ionic transfer. A model using one cation was employed to fit the experimental spectrum of charge/potential TF and obtain the kinetic parameter, , and the inverse of the transfer resistance, . A good agreement was obtained between the experimental and fitted curves in Figure 6b. These parameters were kept constant and potassium ions were assumed to be the sole involved species. In these terms, the experimental and theoretical mass/potential TFs match well without the addition of an additional contribution of an uncharged species (Figure 6d). Thus, ac-electrogravimetry has demonstrated the sole contribution of potassium ions in the nonaqueous electrolyte. As for the aqueous electrolyte, the water molecules as well as protons (although their contribution is much lower than potassium species) are involved in the insertion mechanism of the potassium ions, at the EEI of the PB phase. These results are in a good agreement with classical EQCM measurements (Figure 2 and Figure 5).

ii) Study of the interfacial kinetics associated to the involved species: A similar fitting procedure described for the -0.25 V vs. Hg/Hg 2 SO 4 and 3.2 V vs. K + /K 0 was carried out for all the other measurements performed in the potential range of both electrolytes. The contribution of the different involved species determined in the previous section (K + , H + and H 2 O) is found to be persistent at all the potentials studied. The obtained values and their dependency on the potential are shown in Figure 6e-f.

The ac-electrogravimetric analysis performed in water-based electrolyte shows that the interfacial kinetic of transfer, , of the involved species is ranked as follows: K + > H 2 O > H + , independently of the potential. Their kinetics of transfer are quite steady over the potential window with a peak centered around the insertion/extraction redox potential and the water kinetics seem to follow potassium ions in terms of shape and values. Regarding the interfacial transfer resistance, , a V-shaped response is found for each species. The minimum value of their resistance is yet again centered on the redox potential, in perfect agreement with the sharp and well-defined mass change response observed by EQCM in the Figure 2a middle panel. It can also be noted that the values are 2-3 orders of magnitude higher in the case of H + compared to the two other species, demonstrating the difficulty of protons to be inserted into the PB structure. Concerning the nonaqueous electrolyte and the kinetic of potassium ions (Figure 6f, top), the peak shape is more pronounced and still centered on the redox potential. The lower K + kinetic of transfer values in non-aqueous electrolyte compared to aqueous counterpart explains the difference in rate capability. Moreover, the as a function of potential shows a V-shape, but significantly broader in comparison to that obtained in aqueous electrolyte. This observation also explains the reason behind the more spread-out mass change over a larger potential window in the EQCM analyses (Figure 2b, middle panel).

The relative concentration variation of the three different species has been calculated from the acelectrogravimetry analyses (Equation S18) and the results are represented in Figure 6g andh. Firstly, in c,d) Evolution of the K-solvent, K-anion and K-Total (solvent + anion) coordination number as a function of the distance z from the surface (c) in water and (d) in EC:DEC. In the aqueous system, the O atom of H 2 O and SO 4 2-have been considered. In the organic system, the carbonyl group oxygen atom of both EC and DEC is used to define the coordination number of the solvent, while the F atoms are considered for the anions. The density profiles of water and EC, and surface atoms are also plotted in panels (c) and (d). For all coordination numbers, the cut-off values correspond to the first minimum of the respective radial distribution functions. aqueous electrolyte, the concentration variation of H + intervening in the insertion mechanism is highly negligible (which also corresponds to ~2.5 ng.cm -2 ) in comparison with K + or H 2 O contribution (~1248 and ~864 ng.cm -2 , respectively). The K + concentration variation is similar in both media with a sharper variation in aqueous electrolyte. The shape of the water contribution is following that of K + with a higher concentration variation. The concentration ratio between water and K + is equal to 1.4, which is higher than 0.61 water molecule per potassium ions evidenced in with / measurement from CV at 10 mV.s -1 (Figure 5a). This discrepancy is most likely due to the way of measurement; acelectrogravimetry provides a snapshot of the interface at quasi-equilibrium at the opposite of the CV.

Finally, in order to confirm the good exploitation of the ac-electrogravimetry fitting procedure, the global mass variation was recalculated from the concentration change of the different species involved and compared with the results obtained by EQCM in the Figure 2, middle panel. Such comparisons are plotted in Figure S7. These results nicely compare, hence validating the employed models and the described ac-electrogravimetric analyses, demonstrating the contribution of potassium ions solely in the non-aqueous electrolyte whereas potassium ions and water molecules acting as main species in the aqueous electrolyte.

Molecular picture from classical Molecular Dynamics simulations:

In order to rationalize our experimental findings and further understand the difference between the double layer formed at the electrode-electrolyte interfaces, the two liquids were simulated in contact with Au electrodes held at constant potential. Representative snapshots extracted from the MD simulations of K2SO4 in H2O and KPF 6 in EC/DEC are provided in Figure S8. The choice of this electrode, that is a nice example of flat metallic surface, was made because it is not possible to efficiently simulate insertion mechanisms using molecular dynamics. Figure 7 shows the density profiles in the direction normal to the surface (z) for K 2 SO 4 in H 2 O (Figure 7a) and KPF 6 in EC:DEC (Figure 7b). By focusing on the K + profiles (green), a marked difference can be seen in the way the cations adsorb to the surface in the aqueous and non-aqueous solvent. In water a first small peak is found at about z = 2.5 Å, which corresponds to an inner-sphere adsorption, where K + cations are solvated within the topmost solvent layer in direct contact with the surface (inner Helmholtz plane (IHP) on Figure 3b). This is in line with the recent work of Li et al. evidencing the formation of a layer of water molecules in the IHP enhancing the surface diffusion of the cation to an insertion site. [START_REF] Li | Fluid-enhanced Surface Diffusion Controls Intraparticle Phase Transformations[END_REF] The second more intense peak at z = 5.0 Å corresponds instead to an outer-layer adsorption (at the frontier between the diffuse layer and the outer Helmholtz plane (OHP)). Strikingly, the inner-layer adsorption position is not observed for K + in the organic solvent, where the first peak in the cation profile is at about z = 4.5 Å, i.e. K + ions sit in the OHP and have a longer way to go for reaching the electrode. Its interaction with the organic solvent is weaker than with water, and since the former forms a very compact layer at the interface it is more difficult for the K + ions to reach the metal surface. Beyond the different adsorption position, the simulations reveal that the two solvents also offer a remarkably distinct coordination environment for the cations at the interface. Figure 7c,d show the evolution of the K-solvent and Kanion coordination numbers as a function of the distance z from the electrode in the two systems. In water, the strongest interaction is the one K + makes with H 2 O and the K-H 2 O coordination number shows only small variations for z > 4 Å, with an average coordination number in the bulk region of about 6.5. Only when K + faces the bare surface, water molecules start to leave the cation hydration layer, and they are partially replaced by SO 4 2- anions. In contrast, in the organic solvent K + interacts less strongly with the solvent and more strongly with the anions than it does in the aqueous system; the solvent and the anion almost equally populate the K + first coordination shell in the bulk (Figure 7d). When approaching the surface, the cations lose ion-pair interactions, which are replaced by weak interactions with the solvent. However, contrarily to the case of water, they still have a large barrier to cross (from the OHP to the IHP), which is consistent with the large contribution of the interfacial resistance evidenced by the ac-electrogravimetric experiments (Figure 6e-f). Indeed, higher interfacial resistance and lower interfacial kinetics of transfer values for the K + ions insertion at the electrode/electrolyte interface in nonaqueous medium than that occur in aqueous electrolyte is supported by MD simulations, showing a barrier of solvent molecules at the IHP. This barrier impedes the K + insertion kinetics and increase the activation energy in comparison with aqueous electrolyte. In addition, the interactions with the first adsorbed solvent layer are much weaker than in the case of water, which may explain why the organic solvent molecules do not contribute to the insertion mechanism. Using the same methodology, similar results have been obtained for 1M LiClO 4 in water and in propylene carbonate (PC) in contact with Au electrodes, with the Li + cations having a higher probability to populate the IHP in water than in PC (see Figure S9). In addition, as for K + , their solvation number also tends to increase at the interface with the organic solvent while it is not the case in water. These theoretical findings are in agreement with the similar trend observed experimentally for the aqueous vs. non-aqueous insertion of K + into the Prussian blue phase and Li into LiFePO 4 .

CONCLUSIONS

In this work, we have investigated the mechanistic of the K + insertion process in the Prussian blue phase as function of the aqueous and non-aqueous nature of the electrolyte. It should be underlined that drastic differences were found between both electrolyte media. To identify the origin of such differences, indepth electrochemical analyses were performed to highlight the rate-limiting step of the insertion mechanism. First, PITT and Randles-Sevcik type analysis of CV responses have clearly shown that the potassium ions solid diffusion cannot be the limiting step. Moreover, they revealed a fast and unaltered charge transfer that do not affect the overall kinetics, hence calling for another explanation. Further, we demonstrated through electrogravimetric measurements the presence of an additional mass change compared to the theoretical mass uptake due to the sole potassium insertion, observed only in the aqueous media. Such an observation is commonly indicative of the contribution of a "viscous layer" but shown to be negligible compared with additional frequency change observed here. It can also be viewed as the viscoelastic change of the PB film upon cycling due to water co-insertion. However, such a hypothesis was eliminated by monitoring upon cycling, via EQCM-R, the motional resistance which reveals the absence of viscoelastic change during K + insertion in PB thin films. We equally discarded co-inserted water molecules since the solid diffusion coefficient was not affected when switching from organic to aqueous electrolyte. These results led us to hypothesize the participation of the solvent molecules during the cation insertion at the electrode-electrolyte interface, most likely localized in the electrochemical double layer region, that we unambiguously confirmed by acelectrogravimetric analyses. The passing through a transition step, between solvated cation in the electrolyte and bare cation in the insertion material, where the cation is partially solvated at the interface was firstly introduced by Bruce and Saidi, [START_REF] Bruce | The Mechanism of Electrointercalation[END_REF] and paved the way to new modelling of the interface. [START_REF] Lück | Theory of Reactions at Electrified Interfaces[END_REF][START_REF] Lück | Modeling of the Electrochemical Double Layer and Its Impact on Intercalation Reactions[END_REF] However, in contrast to Li-ion chemistry, no organic molecules were found in the close proximity of the potassium ion before its insertion. In addition, the difference in rate capability was confirmed by the kinetic study provided by ac-electrogravimetry.

The present study on K-ion (PB) chemistry and supported by our previous work on Li-ion 10 (LFP) demonstrated that in non-aqueous electrolytes, when using heavier alkali metals, the number of solvent molecules participating in the partial solvation shell at the interface decreases. At the same time, the desolvation energy in the bulk of the electrolyte decreases when moving from lithium to potassium ions, explaining the better rate capability. In contrast, this trend is not followed in water-based electrolytes, since the desolvation energy is always higher in aqueous electrolyte and yet exhibit better power performance. A partially hydrated cation (close transfer kinetics between the cation and solvent molecules) is always found in the electrochemical double layer region. As mentioned, facilitating the surface diffusion of a cation to an insertion site has been proposed to be correlated to the formation of a layer of water molecules in the IHP. [START_REF] Li | Fluid-enhanced Surface Diffusion Controls Intraparticle Phase Transformations[END_REF] This phenomenon was demonstrated in non-aqueous electrolyte where water was used as an additive for Mg 2+ insertion in WO 3 . [START_REF] Wang | Effect of Water in a Non-aqueous Electrolyte on Electrochemical Mg 2+ Insertion into WO3[END_REF] Through molecular dynamics simulations of the double layer structure forming by the two liquids at a model flat electrode, we could indeed confirm that in water, some K + ions lie in the IHP but remain rather strongly solvated, hence explaining the contribution of water molecules in the insertion mechanism. In contrast, in the organic solvents, they adsorb in the OHP. The solvent molecules are i) weakly bond to the K + , hence they do not participate to the adsorption and ii) forming a barrier at the surface of the electrode, which may explain the slower insertion kinetics in this system. Through investigation of two distinct alkali metal-ion chemistries (Li-ion 10 and herein Kion), we explicitly demonstrate that the desolvation process occurring at the EEI is found to be the origin of the rate capability difference in aqueous and non-aqueous electrolytes. These studies provide a novel methodology for understanding the positional cohabitation of the cations and solvent molecules within the double layer structure forming at the electrode-interface. They also motivate for broader exploration of interface engineering via various salts and solvents to improve the power performances of batteries that were so far mainly believed to be dominated by the ionic conductivity of the electrolyte when comparing aqueous and non-aqueous electrolytes. permits to obtain the apparent diffusion coefficient of the inserted cation in the solid phase at different potentials. 
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Diffusion coefficient by Randles-Sevcik equation

Randles-Sevcik equation:

The apparent diffusion coefficient of the inserted cation in the solid phase can also be estimated by the Randles-Sevcik equation. To fulfill the conditions of validity of this equation, the diffusion length of the inserted cation within the host material needs to be much smaller than the smallest dimension of the material such that the cation gradient can be considered as a semi-infinite linear diffusion-like process normal to the material interface. where Faraday's constant (96485 C.mol -1 ), is the gas constant (J.K -1 .mol -1 ), is the temperature (K), and are the specific surface and geometric area, respectively (cm²), is the maximal mole fraction of inserted cation that can be inserted in the host material, is the concentration of the host material (mol.cm -3 ), is the scan rate (V.s -1 ), is the value of the current peak (A) and is the apparent diffusion coefficient of the inserted cation in the solid phase (cm².s -1 ). An example of this procedure is represented in Fig. S3. It is emphasized that a fair similarity was found between the measured and theoretical masses and thicknesses of films below 300 nm, as represented in the Fig. S4 b andd, which demonstrates the negligible porosity of the PB films. Therefore, the film thickness is assumed as the shortest length for the Randles-Sevcik equation.

Condition for gravimetric sensing

Small variation of the motional resistance upon cycling means the retention of the rigid properties of the layers deposited on the conducting electrode of the quartz resonators. To go further in the analyses, the motional resistance can be converted to resonance width, , thanks to the following equation: 3 

Water incorporation in the structure lattice

QCM with motional resistance monitoring enabled the estimation of the incorporated water in the structure lattice. To do so, the frequency and the motional resistance ( ) of the resonators, before and after PB electrodeposition, were measured in air. The frequency changes were converted to the mass changes using Sauerbrey equation, 4 and allowed the experimental value of the electrodeposited PB mass to be estimated. The Fig. S4a shows that the experimental mass The experimental mass of the electrodeposited PB films obtained from QCM measurements were compared to their theoretical counterparts (estimated by the Faraday's law). The Fig. S4b reveals a clear difference between these two set of values. For each film thicknesses, the experimental mass is slightly higher than the theoretical value. This phenomenon was already encountered by Buser et al. who provided evidence for the incorporation of between 14 and 16

water molecules into the unit cell. 5 For the films obtained at ≤ 450 s, our results corroborated these values. Powder neutron diffraction demonstrated that 6 water molecules are coordinated to at empty nitrogen sites and the remaining are present either as isolated molecules at the center of the unit cell or as water molecules hydrogen bonded to the coordinated ones. 6 For the EQCM tests in non-aqueous electrolyte (0.5 mol.L -1 KPF6 in 50:50 ethylene carbonate (EC)

and diethyl carbonate (DEC)), the films were dried under vacuum overnight at 80 °C. There was not any noticeable effect of the structural water neither upon immersion in the electrolyte (frequency response of the EQCM) nor during cycling in non-aqueous electrolytes.

Thickness control of the prepared films

The thickness of the electrodeposited films was estimated by two techniques. To begin with, cross section FEG-SEM images of the coatings were examined to measure its thickness at different spots of the sample, as represented in the Fig. S4c. For the sake of comparison, the film thickness was also estimated via electrochemistry. The films obtained with 4 different were cycled 15 times in aqueous medium containing 0.25 mol.L -1 K2SO4 at pH 3.5 to insert potassium ions in the structure, by leaching one iron during the first cycles, as described in the following equation:

3 3 (Equation S6)
In the following cycles, the potassium ions are reversibly inserted and extracted from the structure, as depicted in the following:

(Equation S7)
The quantity of potassium ions stored into the structure was assessed thanks to the charge passing through the system upon oxidation. Then, using the following equation, the thicknesses of four different films can be estimated:

Figure 1 .

 1 Figure 1. (a) Electrodeposition of PB via chronopotentiometry at -40 µA.cm -2 in HCl 0.01 mol.L -1 , K 3 [Fe(CN) 6 ] 0.02 mol.L -1 and FeCl 3 0.02 mol.L -1 , (b) operando frequency measurement by EQCM during different periods of time, (c) experimental mass and motional resistance for PB films measured in air, (d) Thickness estimation of the electrodeposited film by FEG-SEM through a cross section sample, (e) Rietveld refinement of XRD patterns of a 1 µm thick PB film on a gold substrate (The red circles, dark blue continuous line and bottom blue line represent the observed, calculated and difference patterns, respectively. PB phase and gold are indexed by blue and orange bars, respectively. Refinement parameters are: R p =12.9%; R wp =15.5% and the  2 =6.14) and (f) the corresponding structural model, including [Fe(CN) 6 ] vacancies.

Figure 2 .

 2 Figure 2. Cyclic voltammetry of a 100 nm thick PB film at different scan rates, in (a) 0.25 mol.L -1 K 2 SO 4 in H 2 O (pH 3.5) and (b) 0.5 mol.L -1 KPF 6 in EC:DEC. Current (top), mass changes (middle) and absolute motional resistance (bottom) were simultaneously measured. The frequency change was converted into mass change, using Sauerbrey equation. The fifth cycle is here represented for each scan rate.

Figure 3 .

 3 Figure 3. Schematic representation of the insertion of an alkali metal cation in a host material. (a) Comparison between the penetration depth of acoustic wave from the QCM to the solution ( ) and the electrochemical double layer characteristic length ( ). (b) Close-up snapshot of the electrochemical double layer during cation insertion.

Figure 4 .

 4 Figure 4. Comparison of the solid diffusion coefficient of potassium ion in PB films of 200 nm, obtained (a, b) by PITT and (c) by the Randles-Sevcik equation. For the PITT results obtained at different film thicknesses refer to Figure S2.

Figure 5 .

 5 Figure 5. Experimental (EQCM) and electrochemical mass (Faraday) comparison calculated for a 100 nm thick film (a) in 0.25 mol.L -1 K 2 SO 4 (pH 3.5) water-based electrolyte during a CV at 10 mV.s -1 and (b) in 0.5 mol.L -1 KPF 6 EC:DEC-based electrolyte during a CV at 0.5 mV.s -1 . The corresponding EQCM data are presented in Figure 2.

Figure 6 .

 6 Figure 6. Ac-electrogravimetric analyses of 100 nm thick Prussian Blue films in (a,c) water and (b,d) EC:DECbased electrolytes. (a,b) Charge/potential / and (c,d) mass/potential / transfer functions at -0.25 V vs. Hg/Hg 2 SO 4 for aqueous electrolyte and at 3.2 V vs. K + /K 0 for non-aqueous electrolyte. Both experimental and theoretical curves are given. The different loops, which are drawn to guide the eye based on the fitting parameters, are labelled with the involved species. Evolution of kinetic parameters, , (e, f top panels) and interfacial transfer resistances, , (e, f lower panels) and (g, h) relative concentration variation of each species, represented as a function of the potential.

Figure 7 .

 7 Figure 7. (a,b) Density profiles for ions and solvent molecules in the direction normal to the surface (z) for (a) 0.25 mol.L-1 K2SO4 in H2O and (b) 0.5 mol.L-1 KPF 6 in EC:DEC. C4 and C7 refer to the carbon atom of the carbonyl group for EC and DEC, respectively. Density profiles of the ions were multiplied by 10 because of their much lower concentrations with respect to the solvents (c,d) Evolution of the K-solvent, K-anion and K-Total (solvent + anion) coordination number as a function of the distance z from the surface (c) in water and (d) in EC:DEC. In the aqueous system, the O atom of H 2 O and SO 4 2-have been considered. In the organic system, the carbonyl group oxygen atom of both EC and DEC is used to define the coordination number of the solvent, while the F atoms are considered for the anions. The density profiles of water and EC, and surface atoms are also plotted in panels (c) and (d). For all coordination numbers, the cut-off values correspond to the first minimum of the respective radial distribution functions.

Figure S3 .

 S3 Figure S3. Apparent diffusion coefficient determination of K + during insertion and extraction in a Prussian Blue film (100 nm) in K 2 SO 4 0.25 mol.L -1 aqueous electrolyte by the Randles-Sevcik equation.

  Then, assuming a Nernstian redox reaction (i.e. a fast reversible electron transfer reaction), the absolute current peak value has a linear relationship (in oxidation and reduction) to the square root of the scan rate of the cyclic voltammetry, following this equation:2 

32 (

 32 Equation S5) where is the piezoelectric stress coefficient (9.65 10 -2 A.s.m -2 for AT-cut quartz). In comparison to , has the unit of frequency (Hz) so it can be related to the resonance frequency change. The condition of the gravimetric sensing is defined as: | | ≪ | |.

Fig. S4 .

 S4 Fig. S4. (a) and motional resistance for PB films, measured in air. (b) Comparison of the experimental and the theoretical mass of the PB films and the respective number of associated incorporated water molecules. PB films with four different thicknesses, obtained at = 150, 300, 150 and 600s, are presented. (c) FEG-SEM image of a PB film surface with a nominal film thickness of 100 nm. (d) Comparison of the estimated and theoretical thicknesses of PB films by FEG-SEM and electrochemistry.

  is linear with the electrodeposition time. The electrodeposited films, at least in the range of 150 ≤ ≤ 600 s, do not show any indication of electronic conductivity loss, supported by the absence of a plateau in the experimental mass vs. plot in Fig. S4a. On the other hand, the seems to exhibit a threshold for the films generated with a of more than 450 s, and a value that increases drastically at of 600 s. It is noted that before this threshold value, the motional resistance is very low (< 30 Ω, for ≤ 450 s) and falls within the suitable range for conducting electrochemical-gravimetric measurements. Even though the film obtained at = 600 s demonstrates a significant increase in the motional resistance, the | | ≪ | | condition for sensing (Equation S5) is still fulfilled. In situ hydrodynamic spectroscopy was not performed for these coatings, considering the significantly low motional resistance values for ≤ 450 s and the morphological features of the coatings (flat surface, low roughness).
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Potentiostatic Intermittent Titration Technique (PITT):

The PITT procedure is based on a staircase potential signal applied to the system, as represented in Fig. S1. In the case of a planar electrode, Montella demonstrated that the of the system is dictated by the well known Cottrell relationship for short times and an exponential decay of diffusion current with respect to time for long times, if a restricted diffusion condition and diffusion control (very fast insertion reaction kinetics) are assumed. 1 For short times, i.e. ≪ ,

For long times, i.e., ≫ , where is the Faraday's constant (96485 C.mol -1 ), is the specific surface are (0.196 cm²), is the concentration variation in the film (mol.cm -3 ), is the film thickness (cm) and ′ is the apparent diffusion coefficient in the solid phase (cm².s -1 ).

Then, the apparent diffusion coefficient can be extracted from slope of the natural logarithm of the Equation S2 (Fig. S1b and1c), as it is independent of unknown variables.

(Equation S8) the measured charge in oxidation (C), is the Avogadro constant (6.02 10 23 mol - 1 ), is the characteristic distance of the PB unit cell, estimated earlier by Rietveld refinement

(1.01 nm), 4 is the effective iron atoms in each unit cell, is the Faraday's constant (96485 C.mol -1 ) and is the specific surface area, assimilated to the geometric surface thanks to the film flatness (0.196 cm²).

The Fig. S4d gathers the thicknesses estimated by these two techniques and compares them with the theoretical ones. The Fig. S4d suggests a good agreement between the measured thicknesses and the theoretical ones for ≤ 300 nm. For the film of theoretically 400 nm, SEM cross section demonstrates that the film is thicker. However, the electrochemistry displays a lower value of the thickness, which means that part of this film is electrochemically inactive.

These characterizations, besides confirming a true Prussian Blue phase formation at the surface of the gold patterned quartz resonator, also permitted the optimization of the PB thin films for the EEI study by electrochemical and electrogravimetric analyses. The films with nominal thicknesses ≤ 300 nm are suitable, evidenced by their low motional resistance change with respect to their loadings and the morphological features (i.e. flat surface). 

Rate capability difference of PB thin films in aqueous and organic electrolyte

Ac-electrogravimetry 7 theoretical background

When a sinusoidal potential perturbation with low amplitude, , is imposed to the gold surface/film/electrolyte system (quartz resonator configuration), sinusoidal fluctuations of concentration, , and flux, , occur such as:

The expression global insertion/expulsion flux, , which depends on the concentration and potential perturbations, at the film/electrolyte interface is:

where is the angular frequency equal to 2 , is the perturbation frequency and and are the partial derivatives of the flux, , with respect to the concentration and the potential, and .

is the kinetic rate of transfer and is the inverse of the transfer resistance, , of the species at the film/electrolyte interface: . For each transferred species (i: cation, anion or solvent), the ionic transfer resistance is a good estimation of the ease of the transfer.

Then, the change of the concentration, , of each species with potential can be calculated using Equation S-9 and Equation S-10, leading to the concentration/potential TF:

Using the concentration/potential TF, the charge/potential transfer function can be calculated, shown for two cationic species, c1 and c2:

The Faradaic impedance relative to the global ionic transfer of charged species involved in the charge compensation is:

S13)

Finally, the classical electrochemical impedance can be estimated incorporating the electrolyte resistance and the interfacial capacitance :

The second main transfer function can be calculated theoretically taking also into account the charged and uncharged species: This acts as a cross-check procedure to discriminate between two possible cation couples (K + /H + and K + /H3O + ). A partial mass/potential TF can be also estimated for the other cation / , but not in the case of a solvent molecule.

The derivative of the concentration for each species with respect to the potential can be calculated by considering the low frequency limit of / .

→ (Equation S18)

Then, is obtained by integrating with respect to the potential. To finish, is acquired by multiplying by the volume of active material. The global mass variation at each potential can therefore be calculated with the sum of each in order to be compared with the classical EQCM measurement, as a cross-check calculation to verify the fitting procedure and the adequacy of the selected model. 

Classical Molecular Dynamics simulations of 1M LiClO 4 in H 2 O and PC

Classical MD simulations of 1 mol.L -1 LiClO4 in H2O and 1 mol.L -1 LiClO4 in propylene carbonate (PC) between two planar Au(100) electrodes at a fixed potential difference of 0 V were performed with the MetalWalls code. 8 Each electrode is made of 5 layers, 162 Au atoms each, while the electrolyte is composed of 100 LiClO4 ion pairs and 5500 H2O molecules for the aqueous system and of 100 LiClO4 ion pairs and 1170 PC molecules for the non-aqueous system. The SPC/E 9 model was chosen for water, while force field parameters for PC were taken from OPLS 10 with charges adopted in Chaudhari et al. 11 The Lennard-Jones parameters for Li + were taken from OPLS, 9 while force field parameters for ClO4 -from Ref 12 . Finally, Lennard-Jones parameters introduced by Heinz et al. 13 were adopted for Au(100). Mixed Lennard-Jones parameters for all of the different atom types were obtained using the Lorentz-Berthelot combination rules.

2D periodic boundary conditions were employed, with no periodicity on the direction normal to the Au surface and box dimensions along x and y directions of Lx = Ly = 36.63 Å. Electrostatic interactions were computed using Ewald summation method, with a cut-off of 12 Å for the short-range part. The simulation boxes were equilibrated at constant atmospheric pressure by applying a constant pressure force to the electrodes. The electrodes separation was then fixed to the equilibrium value. An equilibration run of 2 ns in the NVT ensemble (T = 298K) was then performed. After equilibration, production runs of 30 ns and 40 ns for LiClO4 in H2O and LiClO4 in PC, respectively, have been collected in the NVT ensemble (T = 298K), with the electrodes potential fixed to 0 V, and using a timestep of 1 fs.