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electrolyte was experimentally investigated in electrolytes with various concentrations by using a cavity micro-electrode. We were able to observe electrolyte depletion and we systematically studied the key parameters that will affect the electrolyte depletion, resulting in major changes in the charging kinetics. Results showed that low concentration, high overpotential potential and small carbon pore size triggered the electrolyte depletion, decreasing the charging kinetics. These findings further push our understanding of the ion dynamics of EDL at charged porous carbon/electrolyte interface.
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Understanding the formation of the electric double layer (EDL) at porous carbon electrode/electrolyte interface is of high importance in various applications such as energy storage (electrochemical double-layer supercapacitors), [START_REF] Simon | Perspectives for electrochemical capacitors and related devices[END_REF] capacitive deionization, [START_REF] Rubin | Induced-Charge Capacitive Deionization: The Electrokinetic Response of a Porous Particle to an External Electric Field[END_REF][START_REF] Rica | Thermodynamic relation between voltage-concentration dependence and salt adsorption in electrochemical cells[END_REF][START_REF] Zhang | Ionophobicity of carbon sub-nanometer pores enables efficient desalination at high salinity[END_REF] or energy harvesting. [START_REF] Brogioli | Extracting Renewable Energy from a Salinity Difference Using a Capacitor[END_REF][START_REF] Emmerich | Enhanced nanofluidic transport in activated carbon nanoconduits[END_REF][START_REF] Simoncelli | Blue Energy and Desalination with Nanoporous Carbon Electrodes: Capacitance from Molecular Simulations to Continuous Models[END_REF] Classical planar EDL theory, so-called the Gouy-Chapman-Stern model, has been established using two parallel charged planar electrodes immersed in an electrolytic solution, [START_REF] Shao | Nanoporous carbon for electrochemical capacitive energy storage[END_REF] with the Poisson-Nernst-Plank (PNP) equation to address time-dependent charge-relaxation phenomena. [START_REF] Sakaguchi | Charging dynamics of the electric double layer in porous media[END_REF] Nevertheless, moving from 2D planar to a high surface area porous electrode comes with confinement effect, [START_REF] Pean | And Electrosorption Effects on the Diffusion of Ions in Nanoporous Carbon Electrodes[END_REF][START_REF] Merlet | Highly confined ions store charge more efficiently in supercapacitors[END_REF] presence of chemical defects [START_REF] Dupuis | How chemical defects influence the charging of nanoporous carbon supercapacitors[END_REF] , potential distribution, curvature effects [START_REF] Seebeck | Elucidating Curvature-Capacitance Relationships in Carbon-Based Supercapacitors[END_REF] (…) that make porous electrode behavior different from classical planar ones.

A few decades ago, de Levie first proposed a transmission line model (TLM), which considers uniformly distributed capacitance and solution resistance throughout the pores, to model the charge storage behaviors in porous carbon. [START_REF] Levie | On Porous Electrodes in Electrolyte Solutions[END_REF] TLM and their associated equivalent circuits are widely used to describe the frequency behavior under small potential bias in porous carbon electrodes by catching the linear or the early-times nonlinear kinetics. [START_REF] Sakaguchi | Charging dynamics of the electric double layer in porous media[END_REF][START_REF] Bazant | Diffuse-charge dynamics in electrochemical systems[END_REF] To move further, new theoretical models have been proposed. Indeed, the required voltage for a realistic EDL charging process up to about 1.0V in aqueous electrolyte [START_REF] Aslyamov | Relation between Charging Times and Storage Properties of Nanoporous Supercapacitors[END_REF] is always larger when compared to 25 mV (RT/F~25 mV at room temperature), which is the potential derived from the linear approximation of PNP equation [START_REF] Bazant | Diffuse-charge dynamics in electrochemical systems[END_REF][START_REF] David | Effect of Salt Depletion on Charging Dynamics in Nanoporous Electrodes[END_REF] , above which potential the mathematic calculations are challenged. Therefore, Biesheuvel and Bazant [START_REF] Biesheuvel | Nonlinear dynamics of capacitive charging and desalination by porous electrodes[END_REF] derived nonlinear porous-electrode equations and found two domains. At small voltages or early times, a porous electrode acts like a transmission line, governed by a linear diffusion equation that results in a potential distribution inside the porous carbon network; while for large voltages and long times, porous electrode kinetics is governed by coupled, nonlinear diffusion equations and local electrolyte depletion [START_REF] Biesheuvel | Nonlinear dynamics of capacitive charging and desalination by porous electrodes[END_REF] .

Conway [START_REF] Conway | Electrochemical supercapacitors: scientific fundamentals and technological applications[END_REF] depicted an electrolyte concentration depletion when there is a limited amount of electrolyte ions at the charged porous carbon/electrolyte interface and pointed out its negative effect on the local ionic conductivity-resulting in power performance limitation. Besides, the increased electrolyte resistance caused by electrolyte depletion makes the charging kinetics slower and nonlinear. [START_REF] David | Effect of Salt Depletion on Charging Dynamics in Nanoporous Electrodes[END_REF][START_REF] Biesheuvel | Nonlinear dynamics of capacitive charging and desalination by porous electrodes[END_REF] Later, Lian and co-workers [START_REF] Lian | Blessing and Curse: How a Supercapacitor's Large Capacitance Causes its Slow Charging[END_REF] proposed a parallel stacked electrode model to describe the carbon charging kinetics. They confirmed the existence of the two relaxation time domains, with the RC relaxation (TLM) at early times or low voltages, and a diffusion limitation domain at longer times. This model well bridged a 5-order of magnitude gap between single slit pore simulation and experimentally observed relaxation time constant at the electrode level. But the key parameters such as finite ion size and pore length/morphology should also be taken into account. Since recently, models have been refined to get closer to actual three-dimensional confinement systems, such as chemically driven charge localization (CDCL) model [START_REF] Dupuis | How chemical defects influence the charging of nanoporous carbon supercapacitors[END_REF] , modified PNP model, [START_REF] Kilic | Steric effects in the dynamics of electrolytes at large applied voltages. II. Modified Poisson-Nernst-Planck equations[END_REF][START_REF] Yang | Simulating the charging of cylindrical electrolyte-filled pores with the modified Poisson-Nernst-Planck equations[END_REF] and dynamic density functional theory (DDFT) [START_REF] Ma | Dynamic density functional theory for the charging of electric double layer capacitors[END_REF] … Together with experimental parameters (for instance the finite pore length, [START_REF] Yang | Simulating the charging of cylindrical electrolyte-filled pores with the modified Poisson-Nernst-Planck equations[END_REF][START_REF] Janssen | Transmission Line Circuit and Equation for an Electrolyte-Filled Pore of Finite Length[END_REF] pore size distribution, [START_REF] Lian | Non-Negligible Roles of Pore Size Distribution on Electroosmotic Flow in Nanoporous Materials[END_REF] curvature, [START_REF] Seebeck | Elucidating Curvature-Capacitance Relationships in Carbon-Based Supercapacitors[END_REF] ion confinement, [START_REF] Pean | And Electrosorption Effects on the Diffusion of Ions in Nanoporous Carbon Electrodes[END_REF][START_REF] Futamura | Partial breaking of the Coulombic ordering of ionic liquids confined in carbon nanopores[END_REF] desolvation and defects [START_REF] Dupuis | How chemical defects influence the charging of nanoporous carbon supercapacitors[END_REF] ), it greatly contributes to the theoretical understanding of ion transport kinetics in porous carbon electrodes. However, experimental approaches are barely proposed to further validate these theoretical approaches, and experimental investigations of the EDL formation and evolution for the subnanopores with confinement are highly desired.

The major obstacle that hinders experimental tracking of ionic dynamics is the fast charge relaxation, namely the fast charge separation and charging of EDL resulting from the electrostatic nature of the charge storage. Dilute electrolyte solutions with lower ionic conductivity are preferred to slow down ion dynamics in order to track the small charging kinetic differences. Also, the use of micro-electrode should be preferred in low electrolyte concentrations to limit the ohmic drops and allow for the electrochemical kinetics study. For instance, Zuleta [START_REF] Zuleta | Determination of diffusion coefficients of inside carbon nanopores using the single particle microelectrode technique[END_REF][START_REF] Zuleta | Determination of the effective diffusion coefficient of nanoporous carbon by means of a single particle microelectrode technique[END_REF][START_REF] Zuleta | Determination of diffusion coefficients of BF4-inside carbon nanopores using the single particle microelectrode technique[END_REF] and co-workers determined the effective diffusion coefficient in porous carbon using a single particle micro-electrode technique. Besides, cavity micro-electrode (CME) was found interesting in exploring electrochemical kinetics of various materials for energy storage applications such as lithium iron phosphate (LFP), [START_REF] Come | Electrochemical Kinetic Study of LiFePO4 Using Cavity Microelectrode[END_REF][START_REF] Kisu | Electrochemical kinetics of nanostructure LiFePO4/graphitic carbon electrodes[END_REF] MXenes 2D metal carbides [START_REF] Come | A Non-Aqueous Asymmetric Cell with a Ti2C-Based Two-Dimensional Negative Electrode[END_REF] and porous. [START_REF] Portet | Electrochemical characterizations of carbon nanomaterials by the cavity microelectrode technique[END_REF] In this work, carbide-derived carbons (CDCs) with high surface area, tunable porosity, controllable average pore size and narrow pore size distributions were used as model porous carbon materials for revealing the EDL charging mechanisms under confinement. [START_REF] Pe´an | On the Dynamics of Charging in Nanoporous Carbon-Based Supercapacitors[END_REF] The use of a CME made it possible to reveal the fundamental electrochemical kinetic behaviors. [START_REF] Cachet-Vivier | Development of cavity microelectrode devices and their uses in various research fields[END_REF] While previous works proposed theoretical approaches built on models describing salt depletion and charge relaxation time scales at largely applied potentials, we provide for the first time, to the best of our knowledge, direct observation of the electrolyte depletion process and a systematic study to show how the electrolyte depletion affects the charging kinetics. The set of results provided here shed light on ion transport and adsorption kinetics at a realistic, charged porous carbon / electrolyte interface.

The Cavity Micro-Electrode (CME) used here consists of a Pt wire embedded inside a silica glass tube. After polishing and controlled dissolution of the Pt wire, a small cavity of ~50 µm diameter and ~20µm depth is prepared, where about 10 -7 -10 -8 g of active material powder can be packed [START_REF] Cachet-Vivier | Electrochemistry of powder material studied by means of the cavity microelectrode (CME)[END_REF] (Figure S1), without the need for conductive additives or binders. Figure 1 shows the cyclic voltammetry (CV) curves of CDC porous carbons in a three-electrode configuration using the CME as a working electrode. The current in CVs was normalized to the potential scan rate [START_REF] Lin | Microelectrode Study of Pore Size, Ion Size, and Solvent Effects on the Charge/Discharge Behavior of Microporous Carbons for Electrical Double-Layer Capacitors[END_REF] .

In conventional 1.0 M of Li 2 SO 4 electrolyte, all normalized CVs exhibit a symmetric and rectangular shape at all scan rates (0.2, 0.5 and 1.0 V s -1 see Figure 1a), indicating a reversible ion adsorption/desorption process with fast ion transport kinetics, as expected for porous carbon electrodes. It also confirms the negligible ohmic drop observed using the CME. The fast kinetics stems from the fast ion transport and ion adsorption and desorption processes. When the electrolyte concentration is decreased by ten times from 1.0 M to 0.1 M, the rectangular shape still remains at a lower scan rate, that is 0.2 V s -1 in our case, while obvious distortion appears at elevated scan rates (Figure 1b). The asymmetry of the CV distortion (Figures 1b and1c) as well as the low current value passed in the electrode (for example, 600 nA at 0.2 V s -1 ) supports the kinetic origin of these limitations. [START_REF] Lin | Microelectrode Study of Pore Size, Ion Size, and Solvent Effects on the Charge/Discharge Behavior of Microporous Carbons for Electrical Double-Layer Capacitors[END_REF] Indeed, an important limitation (drastically reduced current) is observed in 0.01 M Li 2 SO 4 electrolyte during negative polarization (below -0.2 V vs. Ag/AgCl, 0.5 V s -1 ). This limitation is not fully ohmic in nature as the positive polarization is much less affected (Figure 1c)-the distortion is not symmetric as expected for an ohmic limitation-as the result of the different ion species involved in the charge storage mechanism during positive and negative polarization [START_REF] Lin | Microelectrode Study of Pore Size, Ion Size, and Solvent Effects on the Charge/Discharge Behavior of Microporous Carbons for Electrical Double-Layer Capacitors[END_REF][START_REF] Lin | Solvent effect on the ion adsorption from ionic liquid electrolyte into subnanometer carbon pores[END_REF] . The current decrease could arise from local electrolyte depletion, which can only be observed in a specific range of concentration, since for high-concentration electrolytes, adsorbed ion amount is barely noticeable and the depletion space is expected to be fed quickly whereas too low concentration would lead to a resistive signal. [START_REF] David | Effect of Salt Depletion on Charging Dynamics in Nanoporous Electrodes[END_REF] Therefore, the unique electrochemical signature of CDC in Li 2 SO 4 electrolyte obtained at low concentration could be used to emphasize the electrolyte depletion and the ion dynamics during charge/discharge of the EDL in microporous carbons.

To further investigate the electrolyte depletion and its impact on charging kinetics, the current change over time was monitored during potential step experiments (chronoamperometry, set up is shown in Figure S2). More specifically, the potential of the porous CDC electrode was set at the potential of zero charge (PZC), we measured it at the minimum current from the cyclic voltammograms; then, a negative constant potential was applied with respect to the PZC and the current change vs. time was recorded. The PZC of CDC-600 o C was measured at about 0.2 V vs. Ag/AgCl in 0.01 M Li 2 SO 4 electrolyte (see Figure S3). In fact, the PZC of CDCs should be very

close to the open circuit potential before any electrochemical test, as CDCs are free of functional groups [START_REF] Lin | Microelectrode Study of Pore Size, Ion Size, and Solvent Effects on the Charge/Discharge Behavior of Microporous Carbons for Electrical Double-Layer Capacitors[END_REF][START_REF] Tsai | Electrochemical Quartz Crystal Microbalance (EQCM) Study of Ion Dynamics in Nanoporous Carbons[END_REF] . As expected, it is the same whatever the electrolyte concentration in our studyalthough it is more accurately detected for the lowest concentration, as the minimum capacitance is more pronounced. As the pH of the electrolyte was measured at around 6, all the charges accumulated during the negative potential polarization step should then be mainly associated with Li + adsorption with negligible SO 4 2-ion exchange [START_REF] Wu | Tracking ionic fluxes in porous carbon electrodes from aqueous electrolyte mixture at various pH[END_REF] .

Figure 2a shows the current response with time, once the electrode was polarized from PZC to -1.2 V vs. PZC. In highly concentrated electrolyte (1.0 M Li 2 SO 4 ), the cathodic current decay follows the expected exponential decrease characteristics of a capacitive (electrostatic) charge storage by ion adsorption. Different behaviors were then observed in 0.1 M, 0.01 M and 0.005 M electrolytes, with non-monotonous current decays, are observed and the presence of current peaks in some cases. Those observations may be consistent with a more complex charge mechanism likely linked with electrolyte depletion. Indeed, just after polarization the current varies as expected for a capacitive electrode, exponentially, then it increases and decreasescurrent peak-until the carbon is fully charged. Interestingly, the position of the current peak depends on the electrolyte concentration-it shows up later when the electrolyte concentration is lower. For electrolytes with a high ionic concentration, the current is driven by the migration of ions -no concentration limitation-and changes exponentially; for electrolytes having a low ionic concentration, the current is first driven by the migration flow until ionic depletion occurs leading to a high concentration gradient. As a result, a diffusion current adds up, which may explain a current peak shows up. Interestingly, the phenomenon is more severe for 0.005M than for 0.01M, resulting in a current peak at a longer time when decreasing the electrolyte concentration (Figure 2a). Once the permanent regime is established, the current continuously decays to reach a steady state, at which state the surface charge is mostly screened by electrolyte ions. Figure S4 shows the cumulative charge obtained by integrating the current with the time plots of Figure 1a. Owing to the small leakage current existing in realistic porous carbon electrodes (being not ideally polarizable, as the result of the possible presence of small amounts of redox active impurities on the carbon surface and charge distribution), the background in Figure S4 has been subtracted by removing the average stabilized leakage current of the last two seconds to ensure that the calculated charge corresponds only to the reversible capacitive process. In Figure S4, it is worth noting the maximum charge is directly correlated with the ionic concentration, which is in line with an ionic concentration limitation.

For better comparison of the kinetics, the cumulative capacitive charges were normalized to the total charge at 100 % charge state (defined as Q 0 ), which is the charge calculated at the end of the test, as confirmed by the roughly constant value of the cumulative charge in Figure S5. As expected, the cumulative charge varies with the electrolyte concentration (Figure S5); more specifically, lower concentration delays the charge storage as shown in Figure 2b (Q/Q 0 vs. time), which means the full charge state of the carbon electrode is reached at longer times in low concentration electrolytes. Figure 2b clearly shows a huge charging rate difference at an early time, where the electrolyte depletion occurs, as shown in the (1-Q/Q 0 ) vs. time plot (Figure 2c).

The change of the cumulative charge Q was plotted as 1-Q/Q 0 , to better define the early time charging kinetics. In the rest of this work, we will consider that 90 % state of charge (SOC) of the carbon electrodes is representative of a fully charged system, as the extra 10 % charge would The change of τ t with the charging time t was plotted to better understand the transient kinetics -a dimensionless time was used, corresponding to the actual time divided by the time to reach a state of charge of 90 % (equation 2).

Normalized time equation (2)

Figure 2d gives the change of time constant for the different electrolyte concentrations, where different behaviors can be observed. For the highly concentrated 1.0 M electrolyte, a monotonic increase of the time constant was found, showing increases from 0 to less than 4 s. This change is in line with a time constant distribution as expected for a porous electrode. Interestingly, for the electrolytes with lower concentration, a time constant peak/bump is observed for short times-in the case of 0.1 M, it is followed by a monotonic increase. This peak is assumed to be related to the electrolyte depletion, as a result of the limited amount of ionic species close to the carbon surface. Although it is barely visible for the electrode tested in 0.1 M electrolyte, as on average it behaves roughly as the electrode in 1 M electrolyte, it is very obvious for the lowest electrolyte concentrations. It is worth noting for those concentrations, the time constant peak is then followed by a time constant in the order of magnitude than the other concentrations. For 1 M and 0.1 M electrolytes, the charging process is mainly driven by the ion migration and successive time constants are supposed to be observed as it is a porous electrode. Concerning the 0.01 M and 0.005 M electrolytes, an ionic depletion is present, leading to an ion diffusion flux toward the electrode that adds up to the ion migration flux-this is assumed to translate into the current peak observed in Figure 2a. Such process only appears in low-concentration electrolytes (<0.1 M), since there is no depletion effect in 1 M electrolyte. Beyond being in agreement with previous modeling works, those results allow for the experimental observation of the plateau region for τ t which is related to the time constant of the diffusion process of the ions to reach the adsorption sites on the electrode surface [START_REF] Bazant | Diffuse-charge dynamics in electrochemical systems[END_REF][START_REF] Yang | Simulating the charging of cylindrical electrolyte-filled pores with the modified Poisson-Nernst-Planck equations[END_REF] . The observed shift to a longer time of the plateau when decreasing the electrolyte concentration is the result of increased diffusion limitation [START_REF] Lian | Blessing and Curse: How a Supercapacitor's Large Capacitance Causes its Slow Charging[END_REF] .

Therefore, the plateau is only slightly visible when electrolyte concentration is lowered down to 0.1 M, but is the main feature when further decreasing the electrolyte concentration down to 0.01 M and 0.005 M. As mentioned above, the 0.1 M electrolyte concentration shows an intermediate In the next step, the influence of the applied potential on the depletion and charging kinetics was studied by polarizing the carbon electrode at different constant cathodic potentials vs. PZC, in 0.01 M Li 2 SO 4 electrolyte. Figure S6 shows the change of the current during the constant potential step. The profile is similar to Figure 1a, and an exponential decay of the current is observed during the first second of the polarization as a result of the fast charge process, followed by a current increase when increasing the cathodic overpotential. Such current increase demonstrates that higher cathodic overpotentials result in severe electrolyte depletion: the ion populations near or inside the carbon pores can no longer meet the required amount of ions to screen the applied potential. Consequently, a current peak is observed for a potential of -1.2 V vs. PZC, in the same way as what was observed with decreasing electrolyte concentrations.

Therefore, we fixed the overpotential at -1.2 V vs. PZC to study the pore size effect on the depletion and related charging kinetics.

Porous carbon materials (CDCs) were prepared by chlorination of TiC powders [START_REF] Dash | Titanium carbide derived nanoporous carbon for energy-related applications[END_REF][START_REF] Chmiola | Anomalous increase in carbon capacitance at pore sizes less than 1 nanometer[END_REF] , where the chlorination temperature controls the carbon pore size. CDC-600 o C, CDC-800 o C and CDC-1100 o C with average pore sizes of 0.67 nm, 0.8 nm and 0.9 nm (Table S1), respectively, were prepared and used as model materials to investigate the effect of the pore size on the charging kinetics. The SEM images showed similar morphology of the porous carbon grains, with grain sizes around 5-10 µm for all the samples (Figure S7). Figure 3a shows the current response with time during the polarization from PZC to -1.2 V vs. PZC of the CDC with different pore sizes.

The current peaks related to electrolyte depletion are observed at 2.5 s and 8.5 s for CDC-800 o C (0.8 nm) and CDC-600 o C (0.67 nm), respectively, as a result of the small pore size. The peak disappears for the large pore size of 0.9 nm (CDC-1100 o C). [START_REF] Yin | The effects of local graphitization on the charging mechanisms of microporous carbon supercapacitor electrodes[END_REF] As expected, a slower charge accumulation rate was observed with decreasing the carbon pore size (Figure 3b), in agreement with former experimental observation in non-aqueous electrolytes [START_REF] Lin | Microelectrode Study of Pore Size, Ion Size, and Solvent Effects on the Charge/Discharge Behavior of Microporous Carbons for Electrical Double-Layer Capacitors[END_REF][START_REF] Lin | Solvent effect on the ion adsorption from ionic liquid electrolyte into subnanometer carbon pores[END_REF] . Previous computational works [START_REF] Pe´an | On the Dynamics of Charging in Nanoporous Carbon-Based Supercapacitors[END_REF][START_REF] Kondrat | Charging Dynamics and Optimization of Nanoporous Supercapacitors[END_REF] also predicted that smaller average pore size results in a slower charging rate at the molecular level. The characteristic charging times to reach 90% SOC were found to range from 0.5 to 4 s, which is also in good agreement with those predicted. [START_REF] Pe´an | On the Dynamics of Charging in Nanoporous Carbon-Based Supercapacitors[END_REF] The pore size-dependent charging kinetics could be attributed to steric hindrance of the pore accessibility 37-38, 42, 45-47 and/or to the ion desolvation process. [START_REF] Dupuis | How chemical defects influence the charging of nanoporous carbon supercapacitors[END_REF] The solvation shell of Li + in aqueous electrolytes usually contains 5 to 6 H 2 O molecules with a Li-O distance (3.5-4.0 Å) for the second hydration shell 48- 49 , making solvated Li + ion sensitive to steric hindrance during transport in subnanometer pores of the porous carbon network. Therefore, the sluggish adsorption kinetics observed for narrow pores could be explained by the hindered transportation of solvated Li + , together with their partial desolvation process when accumulated in the subnanometer carbon pores [START_REF] Tsai | Electrochemical Quartz Crystal Microbalance (EQCM) Study of Ion Dynamics in Nanoporous Carbons[END_REF][START_REF] Levi | Electrochemical Quartz Crystal Microbalance (EQCM) Studies of Ions and Solvents Insertion into Highly Porous Activated Carbons[END_REF] .

Similarly, to further investigate the depletion-related charging kinetics, we plotted 1 -Q/Q 0 vs. time with different pore-sized CDCs. It takes 4.8 s to reach 90 % of Q/Q 0 for cabrons with bigger pore size, while the time is delayed to 6.7 s and 13.0 s for smaller pore size one (Figure 3c). The change of τ t vs. normalized time shown in Figure 3d was used to better highlight the difference in charging kinetics. Similar change of τ t as reported in Figure 2d were observed as well, in relation to electrolyte depletion, but only for carbons with a pore size below 0.9 nm. In Figure 3d, the transient time constant τ t slowly increases for the 0.9 nm sample, which is consistent with the absence of any electrolyte depletion and is controlled by the potential distribution inside the carbon pores due to the RC relaxation (TLM model). Similarly to what was observed in Figure 2d, a time constant bump appears for smaller pore sizes, with a higher average τ t value with decreasing pore size. The electrolyte depletion is only present for small pore size samples and is likely to occur as subnanopores are more easily depleted than larger pores-the pore size being smaller, the total available ions nearby the carbon surface being lower. Also, the ion transport is expected to be slower.

Based on the results discussed above, we could propose a view (Figure 4) of the charging process in porous carbon when electrolyte depletion occurs. At the open circuit potential (OCP), there is no ion concentration gradient in the bulk electrolyte (Figure 4a). When applied an electrical potential difference, the external surface or the orifice of the pores will be first charged before the inner porous network. [START_REF] Levie | On Porous Electrodes in Electrolyte Solutions[END_REF] In the case of electrolyte depletion occurs, that could be triggered by higher applied potential, lower electrolyte concentration or smaller average pore size-the limitation of ion transportation, it results in electrolyte depletion inside the subnanopores and on the external surface, as discussed previously. [START_REF] David | Effect of Salt Depletion on Charging Dynamics in Nanoporous Electrodes[END_REF] Then, a mass transfer film adjacent to the electrode was formed and extended into the pore, which is also called the "stagnant diffusion layer (SDL)" elsewhere. [START_REF] Biesheuvel | Nonlinear dynamics of capacitive charging and desalination by porous electrodes[END_REF] In this case, the ion diffusion and ion migration contribute together to the charge accumulation (Figure 4b). Meanwhile, the limited ion transportation within the depleted area pushes the charge storage process delayed to longer times. At longer times, it reaches the steady charging state of EDL, where the ions migrate toward charged carbon surface and ion diffusion started from carbon surface and extends to the bulk electrolyte and they reach a dynamic balance at the end of charging steady state (Figure 4c). However, there is no electrolyte depletion in a conventional view, that is, in the case of high electrolyte concentrations, small potential bias and/or large pore size. After polarization, the ion concentration and potential gradients then develop inside the pores and in the bulk solution near the external surface as a result of the ion adsorption process. In conclusion, the EDL charging kinetics of microporous carbons with various porosity was experimentally investigated in aqueous electrolytes with different ion concentrations. The use of a cavity micro-electrode helped minimizing the ohmic drops and allowed us to experimentally observe and characterize the electrolyte depletion inside the porous carbon network, responsible for sluggish EDL charging kinetics. We also pointed out several parameters that affect this depletion, such as the pore size, electrolyte concentration and the applied cathodic overpotential.

The set of results allows for a better understanding of the ion dynamics and EDL charging in porous carbon electrodes from an experimental approach, which confirms some recent models predicted by theoretical approaches. Our findings can also help to design experimental set-ups and simulation conditions for further studying the EDL charging behavior in realistic electrodes.

Supporting Information. Electrochemical techniques, equations, set up, additional electrochemical data and carbon material characterization.

Figure 1 .

 1 Figure 1. Cyclic voltammetry plots of CDC-600 o C in Li 2 SO 4 electrolyte were obtained using a

Figure 2 .

 2 Figure 2. Change of the charging kinetics of CDC-600 at a holding potential of -1.2 V vs. PZC in Li 2 SO 4 electrolyte, with concentrations ranging from 0.005 M to 1.0 M. (a) Current response and (b) cumulative normalized charge (Q/Q 0 ) change with time obtained by integration of the plots in (a). (c) Semilog plot of 1-Q/Q 0 change with time. (d) Transient charging time constants ([-dLn(1-Q/Q 0 )/dt] -1 ) change with normalized time (time normalized to time corresponds to 90% of Q/Q 0 ) along the whole charging process.

  need a long time due to the exponential decay of the current. It takes only 2.6 s to reach 90 % of Q/Q 0 for 1 M electrolyte while 4.8 s, 13.0 s and 19.3 s are needed to reach the same state of charge, respectively in 0.1 M, 0.01 M and 0.005 M electrolyte. To further study the charging kinetics, we derivated the Ln(1-Q/Q 0 ) vs. time plot and defined a transient charging time constant τ t as (equation (1), and equation S1-S5): equation (1)
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 41 8 s vs. 2.6 s to reach 90 % SOC, Figure2c) but without a clear plateau for τ t , showing that 0.ion concentration is still high enough to drastically decrease the diffusion limitation under our experimental conditions.

Figure 3 .

 3 Figure 3. Pore size dependent charging kinetics of CDC with potential holding at -1.2 V vs. PZC
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Figure 4 .

 4 Figure 4. Schematic illustration of the charging process of porous carbon when electrolyte
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