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Introduction

The field of electrochemical energy storage (especially metal-ion batteries) is currently undergoing rapid change due to the massive electrification of our daily life and the drastic decrease of the use of fossil fuels for our mobility. As a result, the demand for increasingly efficient and safer electrical energy storage systems is exponentially growing. To meet this demand, new technologies beyond classical batteries need to be developed to limit price fluctuation and avoid raw material restrictions. [START_REF] Iglesias-Émbil | Raw material use in a battery electric car -a thermodynamic rarity assessment[END_REF] While new chemistries involving diverse ions (Na + , K + , Ca 2+ , Mg 2+ ,…and even anions), [START_REF] Delmas | Sodium and Sodium-Ion Batteries: 50 Years of Research[END_REF][START_REF] Dominko | Magnesium batteries: Current picture and missing pieces of the puzzle[END_REF][START_REF] Dong | A novel coronene//Na2Ti3O7 dual-ion battery[END_REF] sulfur [START_REF] Cohn | A novel non-aqueous aluminum sulfur battery[END_REF][START_REF] Wei | A stable room-temperature sodium-sulfur battery[END_REF] or organic-based compounds [START_REF] Poizot | Opportunities and Challenges for Organic Electrodes in Electrochemical Energy Storage[END_REF][START_REF] Lu | Prospects of organic electrode materials for practical lithium batteries[END_REF] are currently under intense scrutiny, the next generation of batteries is likely to be all-solid since the use of a solid electrolyte can significantly increase the energy density (through bipolar stacking and use of metal anode) but also make the batteries safer. [START_REF] Famprikis | Fundamentals of inorganic solid-state electrolytes for batteries[END_REF][START_REF] Janek | A solid future for battery development[END_REF] The switch to such a technology implies many changes and above all new challenges to overcome such as interfaces management, volume variation control during use and recycling of these batteries at the end of their life. In this context, all attention is focused on the electrolyte, which can be of different chemical natures like inorganic, organic (molecular or polymer) or even hybrid. Each family has its specific advantages, such as the high conductivity of inorganic compounds or the excellent flexibility and processing of polymers, but to date, the perfect electrolyte, combining all the required criteria like good conductivity, broad electrochemical stability, sufficient transport, relatively low cost, etc., has not yet been found. In addition, there are increasing constraints on the availability of raw materials and the recycling of electrolytes, which are more complex for all-solid systems, especially those obtained by sintering. Most probably, as it is currently the case for vehicles, the trend is to progressively evolve from pure inorganic-based electrolyte to hybrid material with different proportions of earth-abundant elements. In this sense, different approaches can be used to design a hybrid electrolyte, such as tethered organic charge carrier, [START_REF] Korf | Piperidinium tethered nanoparticle-hybrid electrolyte for lithium metal batteries[END_REF][START_REF] Delacroix | SiO2/Ionic Liquid Hybrid Nanoparticles for Solid-State Lithium Ion Conduction[END_REF][START_REF] Lu | Ionic Liquid-Nanoparticle Hybrid Electrolytes and their Application in Secondary Lithium-Metal Batteries[END_REF][START_REF] Bidal | Van Hybrid Electrolytes Based on Optimized Ionic Liquid Quantity Tethered on ZrO2 Nanoparticles for Solid-State Lithium-Ion Conduction[END_REF] ionic liquid confinement, [START_REF] Chen | Silica gel solid nanocomposite electrolytes with interfacial conductivity promotion exceeding the bulk Li-ion conductivity of the ionic liquid electrolyte filler[END_REF][START_REF] Guyomard-Lack | Enhancement of lithium transport by controlling the mesoporosity of silica monoliths filled by ionic liquids[END_REF] metal-organic framework [START_REF] Wang | Boosting interfacial Li+ transport with a MOF-based ionic conductor for solid-state batteries[END_REF][START_REF] Wang | A Metal-Organic-Framework-Based Electrolyte with Nanowetted Interfaces for High-Energy-Density Solid-State Lithium Battery[END_REF] or simply by introducing an inorganic charge, used as filler, into a polymer (CPE, Composite Polymer Electrolyte). [START_REF] Brandell | Molecular dynamics simulation of the LiPF6•PEO 6 structure[END_REF][START_REF] Das | Influence of oxide particle network morphology on ion solvation and transport in "soggy Sand" Electrolytes[END_REF][START_REF] Groce | Nanocomposite polymer electrolytes for lithium batteries[END_REF] The latter represents the most widely used type of hybrid electrolyte.

The main fillers used are ceramic particles of nanometric oxides such as Al 2 O 3 , SiO 2 , ZrO 2 , and TiO 2 . These fillers do not participate directly in ionic transport but act as "solid plasticizers". They reduce the crystallinity and glass transition temperature of the polymer [START_REF] Zhang | Recent advances in solid polymer electrolytes for lithium batteries[END_REF] and could kinetically inhibit the crystallization of the PEO matrix through Lewis acid/base interactions between the surface groups of the ceramic fillers and the polymer segments as well as the lithium salt anion. Since the interface between the inert fillers and the polymer matrix plays a role in improving Li + ion conduction, particle size and specific surface area are, therefore, important factors for this improvement. [START_REF] Przyluski | Effective medium theory in studies of conductivity of composite polymeric electrolytes[END_REF][START_REF] Wieczorek | Composite polyether based solid electrolytes. The Lewis acid-base approach[END_REF] In addition to the size of the "inert" ceramic particles, the concentration of the nanoparticles is considered as a second key factor impacting the ionic conductivity of composite electrolyte and can be explained by the cooperation of several factors [START_REF] Przyluski | Effective medium theory in studies of conductivity of composite polymeric electrolytes[END_REF][START_REF] Rajendran | Effect of ceramic oxide on PVC-PMMA hybrid polymer electrolytes[END_REF]: (i) the decrease of the glass transition temperature with the addition of fine ceramic particles; (ii) the formation of crystallites from the ceramic particles, acting as nucleation centers; (iii) the formation of amorphous phases in the polymer electrolyte, assisted by the inorganic fillers; and (iv) the formation of a new kinetic pathway through the interphase of the polymer matrix and the inert ceramic fillers. [START_REF] Zhang | Recent advances in solid polymer electrolytes for lithium batteries[END_REF] Lastly, the surface chemistry of inorganic fillers is also a factor impacting the performance of CPEs. For instance, it has been shown that the more acidic surface of TiO 2 particles allows CPEs to acquire a higher ion transfer number than in the case of Al 2 O 3 . [START_REF] Groce | Nanocomposite polymer electrolytes for lithium batteries[END_REF] SiO 2 is also known to further stabilize the charge-polymer interface due to the hydroxyl groups, responsible for many chemical and physical interactions. [START_REF] Lin | High Ionic Conductivity of Composite Solid Polymer Electrolyte via in Situ Synthesis of Monodispersed SiO2 Nanospheres in Poly(ethylene oxide)[END_REF] In hybrid polymer electrolytes (lithium salt, polymer and inorganic fillers), it is always difficult to estimate which chemical species and which parameters affect and control ion mobility and also how each component interacts together and concomitantly. Thus, a complete understanding of such a system is quite difficult and requires a thorough understanding of the bilateral interactions before the complete ion mobility scheme can be modeled. The present study is the first in a series dedicated to this objective. To the best of our knowledge, lithium ion conduction in lithium salt-filler material has not yet been studied without any other component. To investigate this fundamental question, we propose here a dual experimental-theoretical study focusing on the fillers-salt couple and more specifically on how the surface chemistry of the filler affects the lithium mobility. To this purpose, silica nanoparticles (synthesized using the modified Stöber method) in association with lithium bis(trifluoromethanesulfonyl)imide salt (LiTFSI) have been selected for this study. In order to see clearly the influence of the surface-lithium salt interaction on the conduction properties, the quantity of LiTFSI was intentionally chosen as low (resulting in deliberately low conductivity values) but is perfectly justified to avoid any masking effect of the lithium salt on the conductivity. Different modifications of the SiO 2 surface were carried out, like suppression of hydroxyl groups, surface lithiation and even surface-capping with an organosilane derivative to increase lipophilic interaction.

Results and discussion

Characterization of the synthesized silica NPs (OH-SiO 2 )

In accordance with the literature, [START_REF] Dugas | Surface hydroxylation and silane grafting on fumed and thermal silica[END_REF] infrared spectroscopy of fully hydroxylated silica nanoparticles displays a large and intense band at 3670 cm -1 corresponding to free Si-OH groups (Figure 1a). The size distribution for diameters measured on a sample of 300 nanoparticles was between 40 and 45 nm (mean: 44 nm, standard deviation: 4). The silica nanoparticles were found to be spherical and their size was homogeneously distributed in the sample (Figure 1b). Subsequently, nitrogen adsorption and desorption isotherms (Figure 1c) were performed to evaluate the specific surface of the nanoparticles using the equation determined by Brunauer, Emmett and Teller (BET method). [START_REF] Brunauer | Adsorption of gases in Multimolecular layers[END_REF] The BET specific surface measured for NPs of size 40-45 nm in diameter was 64 m²/g. According to the literature, the shape obtained corresponds to type IV to which a hysteresis (type H1) is added. [START_REF] Sing | Adsorption methods for the characterization of porous materials[END_REF] The shape of these isotherms, characteristic of the texture of a material, is usually found in mesoporous solids. 

Surface modifications of hydroxylated SiO 2 NP (OH-SiO 2 )

Several surface modifications were performed on OH-SiO 2 NPs such as lithiation (Li-SiO 2 ), calcination to give hydroxyl-free silica (SiO 2 ), and surface capping with a hydrophobic molecule (MS-SiO 2 ). These modifications were performed in order to probe the impact of the surface state on the ionic conductivity within these samples (Figure 2). The modified nanoparticles were first analyzed by FTIR spectroscopy in diffuse reflectance mode to only observe the surface evolution (Figure 3). For the unmodified (OH-SiO Specifically, the removal of labile protons (which can impact the lithium conduction mechanism) was achieved by coating the NPs surface with HMDS reagent under inert conditions (Figure 3, red curve). In this case, an intense and shifted absorption band at 2963 cm -1 attributed to the alkyl groups of the trimethylsilyl moiety (TMS) is observed. The disappearance of the absorption band at 3740 cm -1 , corresponding to the stretching vibrations of the isolated Si-OH groups, testifies in favour of the existence of a covalent bond linking the TMS group to the surface OH groups through a Si-O-Si bond. In addition, surface lithiation was performed to study both the influence of lithium addition on the ionic conductivity as well as the role of labile protons (Figure 3, blue curve). The decrease of the Si-OH absorption band of the isolated silanols at 3740 cm -1 attests to an at least partial lithiation of the surface silanols. Finally, the FTIR spectrum analysis of calcined silica NPs (Figure 3, green curve) reveals the increase in intensity of the absorption band of the isolated Si-OH groups at 3740 cm -1 . In accordance with the literature, these groups were formed by the dehydroxylation of silanols involved in hydrogen bonds (with water molecules or vicinal silanol groups). [START_REF] Dugas | Surface hydroxylation and silane grafting on fumed and thermal silica[END_REF] Conversely, after rehydroxylation (black curve, OH-SiO 2 ) the absorption of the isolated Si-OHs loses intensity to the detriment of silanols linked with hydrogen bonds, whose absorption band gains intensity at 3670 cm -1 . Finally, the absorption band located at 970 cm -1 , identified as the δSi-OH deformation vibration, is absent from the spectrum of calcined NPs. This information attests to the presence of siloxane bridges. Indeed, the literature testifies to the formation of these bridges from 400 °C, by the thermal dehydration reaction during which two neighbouring silanols condense into a siloxane bridge. [START_REF] Dugas | Surface hydroxylation and silane grafting on fumed and thermal silica[END_REF] At 500 °C, we thus observe at the surface of the nanoparticles a decrease in the Si-OH groups linked by hydrogen bonds, in parallel with an increase in the isolated silanol groups as well as an increase in siloxane bridges.

Ionic conductivity measurements of unmodified and modified silica NPs

To prepare ionic conductivity measurements by Electrochemical Impedance Spectroscopy (EIS), 13.8 wt% of LiTFSI was mixed with an aqueous suspension containing OH-SiO 2 or Li-SiO 2 , in order to add mobile lithium ions into the material. On the other hand, MS-SiO 2 was suspended in acetonitrile due to its hydrophobic surface; the calcined SiO 2 sample was similarly handled to prevent the rehydratation of its calcined surface. This relatively low proportion of LiTFSI was chosen intentionally to allow the measurement of the ionic conductivities of the materials (above the detection limit of the measuring devices) while not making the conductivity of LiTFSI interfere with the conductivity values of the studied samples. This fact is important since the goal of this study is to clearly observe and understand the contribution of the surface on the conduction properties.

All samples were transformed into powder, then dried under vacuum at 110 °C overnight before being transferred to a glove box under argon atmosphere. The solid electrolyte obtained did not degrade under air; however, it becomes more hygroscopic as an increasing amount of LiTFSI is added. This is why a particular attention was paid to avoid any contact with water and moisture during the transfer, at the risk of distorting the conductivity results

with the presence of water traces. [START_REF] Bidal | Van Hybrid Electrolytes Based on Optimized Ionic Liquid Quantity Tethered on ZrO2 Nanoparticles for Solid-State Lithium-Ion Conduction[END_REF] The ionic conductivity of SiO 2 /13.8 wt% LiTFSI mixtures of unmodified and modified SiO 2

NPs were then studied by EIS at different temperatures (Figure 4). Initially, the EIS results

were plotted in a complex plane in the same way as the OH-SiO 2 /13.8 wt% LiTFSI sample below (Figure 4a). All samples have the same appearance: at high frequencies, a semicircle can be seen on each Nyquist plot. At lower frequencies, there is a straight line due to a capacitive effect characteristic of ion blocking electrodes. The line is not completely vertical due to the surface roughness and porosity of the pellets. An appropriate equivalent circuit (Figure 4a, inset) was used to extract the values corresponding to the resistance of the R1 electrolytes. The ionic conductivity is then calculated for each temperature from the expressions proposed by Ingram et al. [START_REF] Ingram | Transport and defect mechanisms in cuprous delafossites. 2. CuScO 2 and CuYO2[END_REF] The temperature dependence of the ionic conductivity for X-SiO 2 /13.8 wt% LiTFSI is shown in Figure 4b. The conductivity of each sample was calculated from 20 °C to 100 °C. No decomposition or phase transition was observed in this temperature range, as shown by the linear increase in conductivity with temperature for all samples. Depending on the surface treatment, different behaviours have been observed. The ionic conductivity of OH-SiO 2 is very low, below 60 °C, therefore it could only be measured from 60 °C to 100 °C (8.0 x 10 -10 and 4.5 x 10 -8 S.cm -1 respectively). After calcination at 500 °C, the ionic conductivity of SiO 2 could only be recorded from 80 °C to 100 °C, respectively 1.5 x 10 -9 to 1.0 x 10 -8 S.cm -1 . The decrease in conductivity can be explained by the increase in the number of siloxane bridges at the expense of isolated Si-OH groups and silanols engaged in hydrogen bonds. Contrary to Si-O-Si bridges, free surface silanols seem to promote conductivity through interactions and complexations of the lithium cation with oxygen atoms.

Thus, the -OH groups located on the silica surface are involved in ionic conduction.

The coating of the nanoparticle surface with HMDS (MS-SiO 2 ), was performed to evaluate the role of the labile proton in the conductivity. In the case of MS-SiO 2 , the conductivity is relatively stable between 20 °C and 100 °C which is quite surprising. These measurements suggest an absence of interaction between the surface and the whole lithium salt, thus inducing a low conductivity (no dissociation) and independent of temperature (no interaction with the surface) even if the ionic conductivities of OH-SiO 2 and MS-SiO 2 are comparable at 80 °C. Therefore, although labile protons have been removed, ion conduction is still allowed, demonstrating that labile protons are not involved in the conductivity. On the other hand, the ionic conductivity within Li-SiO 2 at 60 °C is one decade higher than that of OH-SiO 2 ; this increase is directly attributed to the presence of additional lithium cations on the surface of the Li-SiO 2 material and borne by silanolate groups. Nevertheless, the ionic conductivities of the lithiated and hydroxylated NPs can be measured only at 60 °C and above. This confirms that the trimethylsilane fragment and TFSI interaction releases the lithium cation and thus improves the conduction at lower temperatures. Surface modifications of silica nanoparticles have shown that oxygen atoms participate in conduction while labile protons are not responsible.

Understanding evolution of the conductivity using molecular dynamics simulations

200 ns of molecular dynamics simulations were performed for each of the silica NPs-LiTFSI systems featuring OH-SiO 2 , OH-SiO 2 /Li-SiO 2 (9%), Li-SiO 2 , MS-SiO 2 or SiO 2 surfaces at various temperatures (250 K, 300 K, 350 K, 400 K and 450 K). We then characterized the effects of the distinct silica surface states using the radial distribution functions (RDF) of ions relative to the surface and the ionic number density profiles perpendicular to the surface.

Structuration of LiTFSI around the silica surfaces.

Figure 5 presents the RDF of the Li + and TFSI -ions relative to the silica surfaces at 350 K. It is clear that the surfaces possessing silanol oxygens do not behave the same in presence of LiTFSI than those that do not. For the surfaces bearing silanols, the first peak, sharp and well defined, is located at a distance of 0.2 nm of the silanol oxygens for Li + and 0.3 nm for TFSI -; for the latter, the second peak around 0.55 nm is also remarkably apparent.

This indicates a medium-range structuration of the ionic atmosphere due to strong interactions with the surface. On the other hand, the HDMS and calcinated surface feature monotonous RDFs for both ions, devoid of any peaks, which is indicative of high ionic mobility caused by very weak ion-surface interactions. We now examine the number density profiles for both ions along the axis perpendicular to the silica surface (Figure 6). The density is negligible inside the silica slab (where the ingress of ions is almost never observed) and has a relatively constant value far away from the surface which corresponds to the density of bulk LiTFSI. Near to the surface, interactions with the silica may result in excess of ionic densities which manifest as peaks.

Because amorphous silica surfaces are slightly irregular, these peaks can be split into several irregular sub-peaks; however, the resolution still allows to see a distinct alternance of cationic and anionic layers. These observations are consistent with published results obtained for other surfaces and/or ionic liquids. [START_REF] Aliaga | Surface chemistry of room-temperature ionic liquids[END_REF][START_REF] Federici Canova | Structural stability and polarisation of ionic liquid films on silica surfaces[END_REF][START_REF] Pal | Effects of Silica Surfaces on the Structure and Dynamics of Room-Temperature Ionic Liquids: A Molecular Dynamics Simulation Study[END_REF] Again, it is apparent that the surfaces bearing silanol oxygens interact differently with ions than those without. As expected, Li-SiO 2 shows the highest concentration of Li + ions on its surface, with the TFSI -ions relegated to the second layer. Li + also markedly interacts with the OH-SiO 2 surface, although the first Li + layer is a bit more distant from the surface. On the contrary, for MS-SiO 2 and calcinated surfaces the first peak is much further away, behind the first layer of anions which become the closest ions to the surface. While this effect could be ascribed purely to steric hindrance in MS-SiO 2 (due to the bulky -(CH 3 ) 3 groups), its occurrence for the calcinated surface indicates other causes.

Comparatively, the layering behaviors of TFSI -anions around all silica slabs are quite similar (considering the fact that the MS-SiO 2 surface is broader), even though these anions represent the first layer for calcinated and MS-SiO 2 systems and the second layer for the rest. Anta et al. argue that the number of TFSI -ions coordinated to Li + governs the conducting properties of the electrolyte. [START_REF] Vicent-Luna | Molecular Dynamics Analysis of Charge Transport in Ionic-Liquid Electrolytes Containing Added Salt with Mono, Di, and Trivalent Metal Cations[END_REF] In surfaces with silanol oxygens (whether protonated or not), the interfacial Li + ions interact with the silanol functions and are thus less bound to their TFSI -counterions than in pure LiTFSI, as indicated by the RDFs between Li + and TFSI -presented on Figure 7. While the RDF in bulk LiTFSI (i.e., far from the surface) is not affected by the surface type, differences near the surface are profound: for MS-SiO 2 and calcinated silicas, LiTFSI g(r) feature marked a first and a second peaks comparable to those found in the bulk, showing that the Li + /TFSI -ion pair is not dissociated by the presence of the surface groups; conversely, silanolated silica surfaces compete with TFSI -for interacting with Li + and thus at least partially dissociate the Li + /TFSI -ion pairs, which translates on the RDF plots as weaker peaks with no resemblance to the bulk. 

Conductivity and its origins.

Figures S4a-e show the RDFs for the extreme temperatures of our simulations, i.e. 250

K and 450 K. The locations of the different peaks are not modified: they only differ by their heights and widths from their counterparts at 350 K. Indeed, the thermal energy injected into the system by the rise of temperatures is sufficient to lower or break the interactions of the ions with the surface: the ions thus become more mobile, which tends to increase the conductivity. As shown by the 9%-lithiated surface, this effect appears proportional to the surface's degree of lithiation. The number density profiles at 250 K and 450 K (Figures S5ay) paint a similar picture: at higher temperatures, the layering effect is less pronounced (especially for TFSI -). Sets of radial distribution functions and number density profiles for all systems at extreme temperatures (250 and 450 K) can be found in Supplementary

Information. From the molecular dynamics simulations at different temperatures, we compute the theoretical conductivities of our systems using the Einstein-Helfand model [START_REF] Eugene | C4 journal of experimental and theoretical physics established by K L. Nichols in 1S93 Transport Coefficients from Dissipation in a Canonical Ensemble[END_REF] (Figure 8)

and compare them to their experimental counterparts on Figure 4b. Theory and experiment agree that the ionic conductivity for the MS-SiO 2 surface is only slightly affected by temperature changes. As previously stated, the RDF and number density profiles clearly indicate that there is no strong interaction between the silica surface and the salt in this system. Raising the temperature thus only increases the thermal motion of the electrolyte ions, only causing a small elevation of the total conductivity. Ionic conductivities measured for the MS-SiO 2 /LiTFSI system also show almost no temperature dependence, just like in our simulations; considering how little the surface affects the Li + /TFSI -ion pairs (see above), we expect these conductivities to be close to those of bulk LiTFSI. Conversely, for all other systems, there is a marked correlation between conductivity and temperature, observed both in experimental measures and molecular dynamics results. The substantial augmentation of conductivity observed upon temperature elevation is not only linked to the increase of thermal motion of Li + /TFSI -, but is a consequence of the detachment of Li + cations from the surface via the thermal weakening of electrostatic interactions with the silanol oxygens. The resulting increase in the mobility of these cations, clearly indicated by the broadening and the shortening of the first peak of the Li-O silanol radial distribution function (Figure 5) upon temperature increase, contributes positively to conductivity via the facilitated diffusion of charges. In our model, conductivity thus appears as a tradeoff mediated by the relative strengths of the Li + /O silanol and Li + /TFSI -interactions. Once dissociated from its bulky TFSI -counterion by interaction with the silanols, Li + ions can diffuse efficiently due to their small radii, enhancing conductivity; however, at lower temperatures, they become "trapped" by the silanols and conductivity falls. Conversely, in the absence of strong interactions with the surface, the Li + /TFSI -ion pair endures regardless of temperature, but its large radius strongly limits its diffusive capabilities. The good match between experimental and theoretical results proves the dominance of this model over other possible sources of conductivity that are not included in our simulations: for instance, charge or electron transfer phenomena which require a quantum mechanical description are incompatible with long simulation timescales.

In the future, it would be interesting to study the interaction between LiTFSI and small POE oligomers and polymers using this synergistic approach, and then build a larger model to finely understand ion mobility and study how composite structure and composition affect ion mobility and transport.

CONCLUSIONS

Through this study, the origin of the conductivity of the LiTFSI in close interaction with a inorganic filler was scrutinized. By combining experimental measurements and in silico models, we were able to unambiguously ascribe differences in conductivity to the degree of dissociation of the Li + /TFSI -ion pair, which is itself modulated by interactions with the functionalized silica surface. It is now clear that the functionalization of oxygen atoms on the silica NPs plays a critical role in conduction properties. The replacement of labile protons with lithium induces a conductivity jump of one decade, revealing that conductivity is mediated by the relative strengths of the Li + /O silanol and Li + /TFSI -interactions. Conversely, by hindering the dissociation of LiTFSI, the grafting of hydrophobic methylsilane fragments prevents the interaction of Li with the silica surface and leads to a temperature-independent conductivity curve. Finally, the computational model employed here has been validated by its good agreement with the experimental results. It would be interesting to extend this approach to study other interactions such as lithium salt with different PEO-based oligomers/polymers or to predict the surface functionalization needed to optimize conductivity at a given temperature. These aspects could thus serve as a basis for building a larger model that could prove useful as a preliminary step in the future design of hybrid electrolytes in next generation batteries.

EXPERIMENTAL SECTION

Reagents and Chemicals

Chemicals and solvents such as tetraethylorthosilicate (TEOS), ammonia solution (30 wt%), lithium bis(trifluoromethylsulfonyl)imide salt (LiTFSI), 1,1,1,3,3,3hexamethyldisilazane (HMDS), lithium hydroxide and ethanol were purchased form Sigma Aldrich as reagent grade or better and used as received. Toluene was predried over sodium and distilled prior to use. HMDS was purchased dried and was stored under argon in a glovebox.

Instrumentation

N 2 -adsorption isotherms were measured at liquid nitrogen temperature with a Micrometric ASAP 2020 porosimeter. Prior to analysis, the sample surface was outgassed at 120 °C for 3 h under vacuum (ca. 1 mm Hg). The Brunauer-Emmett-Edward (BET) surface area was calculated from the adsorption part of the isotherm between 0.03 < P/P 0 < 0. (1 °C•min -1 ) with a temperature stabilization of 15 min before impedance measurement every 20 °C. Modelling and simulation of the EIS data were performed using an equivalent circuit model described in the discussion section. Quantitative analyses were done using the Zview software (Scribner Associates, Inc.). Conductivity measurements were realized three times (second measurement on the same pellet and one measurement on a new pellet) in order to ensure reproducibility.

Synthesis of silica nanoparticles

Silica nanoparticles were obtained using the Stöber process, briefly described as follows. [START_REF] Stöber | Controlled growth of monodisperse silica spheres in the micron size range[END_REF] A solution of absolute ethanol (500 mL) was mixed to a 30 wt% ammonia solution (38 mL, 0.29 mol) and the mixture was stirred for 1 h at 70 °C. TEOS (15 mL, 67.25 mmol) was then added dropwise. The first nanometric objects were observed after a few minutes, thus forming a translucent colloidal suspension. The solution was stirred for 12 h to completely hydrolyze the Si-precursor. Silica nanoparticles were recovered by centrifugation (8000 rpm) and washed several times with absolute ethanol and distilled water.

The inorganic nanoparticles were calcined at 500 °C (5 °C/min heating rate) for 6 h in order to remove residual solvent and organic species remaining on the silica surface. After being cooled to room temperature, silica nanoparticles were hydrated in a concentrated (37 %) HCl solution at 100 °C for 12 h. The silica nanoparticles (named OH-SiO 2 ) were then washed with water by centrifugation until neutral pH and finally dried under vacuum at 100 °C before use.

LiOH modification of silica surface (Li-SiO 2 )

Considering the silica specific surface area (64 m².g -1 ) and considering a maximum of two OH per nm² at the SiO 2 surface, 3 equivalents of LiOH were added to 1 g of the synthesized OH-SiO 2 suspended in water. The obtained mixture was stirred at room temperature overnight and then washed five times by centrifugation with water. The nanoparticles (Li-SiO 2 ) were finally recovered after solvent evaporation and dried overnight under vacuum at 100 °C.

Hydrophobic capping of silica nanoparticles (MS-SiO 2 )

The synthesized silica nanoparticles OH-SiO 2 (1 g) were dried under vacuum at 100 °C overnight before being suspended in 20 mL of dry toluene. An excess of dried HMDS (1 mL) was added to the suspension and stirred overnight at room temperature under inert condition. The obtained mixture was washed five times by centrifugation with toluene then the resulting powder (MS-SiO 2 ) was dried under vacuum at 120°C overnight.

Suppression of silica surface hydroxyl groups (SiO 2 )

OH-SiO 2 were calcined at 500 °C (5 °C/min heating rate) overnight in order to remove as many hydroxyl groups of the silica surface as possible. After calcination, the material (SiO 2 )

was transferred to an Argon-filled glovebox to avoid any adsorption of moisture.

LiTFSI impregnation

Depending on the LiTFSI weight percentage, a desired amount of LiTFSI dissolved in 20 ml of water (OH-SiO 2 and Li-SiO 2 ) or anhydrous acetonitrile (SiO 2 and MS-SiO 2 ) was added under inert atmosphere to the unmodified and modified silica nanoparticles. The suspension was then homogenized by sonication. The solvent was removed by a slow evaporation with vigorous stirring at 70 °C overnight.

Simulation details

All molecular dynamics simulations were carried out using GROMACS 2018.3. [START_REF] James | ScienceDirect GROMACS : High performance molecular simulations through multi-level parallelism from laptops to supercomputers[END_REF] In a first step, equilibrated structures of the different silica slabs were obtained from NPT simulations at 500 K, which were subsequently used as starting points for stepwise temperature annealing simulations. Equilibrated initial frames for production runs at 250 K, 300 K, 350 K, 400 K and 450 K were thus obtained. Finally, 200 ns production simulations, from which the diffusion and conductivity values were measured, were performed at each of these temperatures for all silica slabs. These simulations used a 2 fs integration timestep; temperature in the NVT ensemble was regulated using a Nose-Hoover thermostat with a time constant of 1.3 fs and separate couplings to the silica slab, cations and anions. All-atom models of silica slabs (surface-capped and calcinated) including geometry and force field parameters were taken from reference [START_REF] Emami | Force Field and a Surface Model Database for Silica to Simulate Interfacial Properties in Atomic Resolution[END_REF]. An amorphous surface with 4.7 silanol groups per nm 2 is suited to model medium Stöber silica particles, the surface area being approximately of 4 nm × 4 nm and the slab thickness 2.4 nm. Force field parameters for LiTFSI were taken from references [START_REF] Sambasivarao | Development of OPLS-AA force field parameters for 68 unique ionic liquids[END_REF][START_REF] Doherty | Revisiting OPLS Force Field Parameters for Ionic Liquid Simulations[END_REF]; as explained in these works, respective charges of 0.8e and -0.8e for the cation and anion were used. The silica-LiTFSI boxes sizes were in the 4 nm × 4 nm × 8 nm range and the number of salt ion pairs were calculated to reproduce the experimental LiTFSI bulk density (1.33 g.cm -3 ). The deprotonated surfaces were obtained by deleting hydrogen atoms from the Si-OH groups and adding chloride counterions. The hydrophobic surface was obtained by replacing the hydrogen atoms of the Si-OH groups by a Si(CH 3 ) 3 function, whose parameters were taken from the AMBER99SB force field [START_REF] Hornak | Las instituciones de ciencia y tecnología en los procesos de aprendizaje de la producción agroalimentaria en Argentina[END_REF] and the atomic charges obtained using REDserver. [START_REF] Vanquelef | Server: A web service for deriving RESP and ESP charges and building force field libraries for new molecules and molecular fragments[END_REF] 
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 1240 Figure 1: (a) FTIR spectroscopy in diffuse reflectance mode of OH-SiO 2 nanoparticles of diameter 40-45 nm. (b) Bright field TEM image of silica nanoparticles. Size distribution measured on a sample of 300 OH-SiO 2 nanoparticles are available in ESI Fig S1. (c) Nitrogen adsorption (red) and desorption (black) isotherms of synthesized OH-SiO 2 nanoparticles of diameter 40-45 nm.
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 2 Figure 2: Surface modifications of hydroxylated SiO 2 NPs (OH-SiO 2 ) by surface capping with HMDS (MS-SiO 2 ), Lithiation (Li-SiO 2 ) and hydroxyl-free (SiO 2 ).
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 3 Figure 3: FTIR spectra of OH-SiO 2 nanoparticles (black curve) and surface-modified silica nanoparticles through calcination (SiO 2 , green curve), methyl-silane capping (MS-SiO 2 , red curve) and surface lithiation (Li-SiO 2 , blue curve).

1 )Figure 4 :

 14 Figure 4: a) Nyquist diagrams performed at 60 °C, 80 °C, 100 °C of OH-SiO 2 /13.8 wt% in a blocking electrode/solid electrolyte/blocking electrode system and corresponding equivalent circuit. Nyquist diagrams for other samples are available in SI (Figure S3). b) Temperature dependencies of the ionic conductivity of MS-SiO 2 , Li-SiO 2 , OH-SiO 2 and SiO 2 /13.8 wt% LiTFSI, measured between 20 °C and 100 °C.

Figure 5 :

 5 Figure 5: Radial distribution functions at 350 K between surface atoms and Li + /TFSI -ions. The reference surface atoms are silanol oxygens for the OH-SiO2 and Li-SiO2 surfaces, carbon atoms for MS-SiO2 and silicon atoms for SiO2.

Figure 6 :

 6 Figure 6: Number density profiles of Li + and TFSI -at 350 K, along the axis perpendicular to the silica surface. The zero-density region of the curves corresponds to the position of the silica slab.

Figure 7 :

 7 Figure 7: Radial distribution functions at 350 K between a Li cation and the nitrogen atom of the TFSI anion, obtained in the vicinity of the silica surface and in bulk solvent.

Figure 8 :

 8 Figure 8: Static conductivities obtained using Einstein-Helfand fitting.

  3 using a multipoint method. The different synthesized materials were characterized by FTIR spectra in diffuse reflectance mode (DRIFT) using a Nicolet iS10 FTIR spectrometer from Thermo Scientific. The spectra were acquired at room temperature over a range of 4000-400 cm -1 with a resolution of 8 cm -1 . Electrochemical impedance spectroscopy (EIS) measurements were realized with an MTZ-35 frequency response analyzer (BioLogic Company) coupled with an Intermediate Temperature System (ITS) controlling the sample temperature by Peltier effect.The different synthesized materials were cold-pressed into pellets of 10 mm diameter under a pressure of 5 tons with around 70 mg of powder per pellet. Thicknesses of about 0.60 mm were obtained. The pellets were sandwiched between two aluminium foils (sheet thickness: 0.006 mm) enhancing the electrical contacts between the pellet surface and the controlled environment sample holder (CESH) gold disks. The combined aluminium foil and gold disk ensured an ion blocking electrode. The electrolyte pellet was transferred under argon (in a glovebox) into an airtight environment asymmetric CESH to be sandwiched between the twoion blocking aluminium-gold electrodes. The CESH was then placed in ITS, and AC impedance spectra was recorded in the frequency range from 30 MHz to 0.1Hz with an excitation signal of 5 mV amplitude and from 20 to 100 °C upon heating and cooling
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