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Introduction

Powered by Li-ion batteries (LIB) which can fulfill criteria regarding autonomy (>300 km/charge), cost (US$ 175 kWh -1 at pack level) and lifetime (>1000 cycles, 80% state of charge), electric vehicles are projected to represent more than 60% of sold vehicles by 2030 [START_REF]Technology and Innovation Pathways for Zero-carbon-ready Buildings by 2030[END_REF] . To further improve LIB, higher energy densities while alleviating the costs of the used minerals and the associated geopolitical constraints are necessary. The past years have thus seen a regain of interest for developing Ni-rich NMC phases LiNixMnyCozO2 (x + y + z < 1, 0 < x, y, z < 1) with x ≥ 0.8, these materials combining high energy density and avoiding the use of cobalt. However, the voltage at which they must operate to retrieve their theoretical capacity seriously compromises the cell cyclability. Indeed, above 4.2 V, layered materials experience severe mechanical and chemical degradations. The main culprit of capacity loss was suggested to be the large anisotropic deformation of the lattice [START_REF] Märker | Evolution of Structure and Lithium Dynamics in LiNi0.8Mn0.1Co0.1O2 (NMC811) Cathodes during Electrochemical Cycling[END_REF][START_REF] Xu | Phase Behavior during Electrochemical Cycling of Ni-Rich Cathode Materials for Li-Ion Batteries[END_REF] . Upon cycling, repetitive expansion/shrinkage induces intraand inter-particles cracking and the electronic disconnection of particles, leading to a loss of active material (LAM) [START_REF] Yoon | Structural Stability of LiNiO2 Cycled above 4.2 v[END_REF] . In addition to the mechanical fatigue, oxygen release at high voltage causes chemical oxidation of the electrolyte and favors the dissolution of the material, both contributing to the densification of the particles' surface which hampers the Li intercalation upon cycling [START_REF] Xu | Bulk fatigue induced by surface reconstruction in layered Ni-rich cathodes for Li-ion batteries[END_REF] . Not only high voltages trigger the chemical oxidation of the electrolyte, but at voltages above 4.2 V organic carbonate solvents classically employed are electrochemically oxidized [START_REF] Azcarate | Assessing the Oxidation Behavior of EC:DMC Based Electrolyte on Non-Catalytically Active Surface[END_REF] . This oxidation can either form a resistive cathode electrolyte interphase (CEI) [START_REF] Azcarate | Assessing the Oxidation Behavior of EC:DMC Based Electrolyte on Non-Catalytically Active Surface[END_REF] or release dissolved species in the electrolyte responsible for further side reactions [START_REF] Boulanger | Investigation of Redox Shuttle Generation in LFP/Graphite and NMC811/Graphite Cells[END_REF][START_REF] Rinkel | Electrolyte oxidation pathways in lithium-ion batteries[END_REF] such as gases (O2, CO, CO2) [START_REF] Pritzl | Analysis of Vinylene Carbonate (VC) as Additive in Graphite/LiNi 0.5 Mn 1.5 O 4 Cells[END_REF][START_REF] Jung | Oxygen Release and Its Effect on the Cycling Stability of LiNi x Mn y Co z O 2 (NMC) Cathode Materials for Li-Ion Batteries[END_REF][START_REF] Jung | Chemical versus electrochemical electrolyte oxidation on NMC111, NMC622, NMC811, LNMO, and conductive carbon[END_REF][START_REF] Rinkel | Two electrolyte decomposition pathways at nickel-rich cathode surfaces in lithium-ion batteries[END_REF] and/or acidic species (H + ).

Released species participate in turn to the hydrolysis of PF6 -anions [START_REF] Rinkel | Electrolyte oxidation pathways in lithium-ion batteries[END_REF] and favor transition metal (TM) dissolution [START_REF] Jung | Nickel, Manganese, and Cobalt Dissolution from Ni-Rich NMC and Their Effects on NMC622-Graphite Cells[END_REF][START_REF] Gilbert | Transition Metal Dissolution, Ion Migration, Electrocatalytic Reduction and Capacity Loss in Lithium-Ion Full Cells[END_REF] , which, following their migration to the negative electrode, destabilize the solid electrolyte interphase (SEI) [START_REF] Jung | Nickel, Manganese, and Cobalt Dissolution from Ni-Rich NMC and Their Effects on NMC622-Graphite Cells[END_REF][START_REF] Meunier | Electrochemical Protocols to Assess the Effects of Dissolved Transition Metal in Graphite / LiNiO 2 Cells Performance Electrochemical Protocols to Assess the Effects of Dissolved Transition Metal in Graphite / LiNiO 2[END_REF][START_REF] Joshi | Effects of Dissolved Transition Metals on the Electrochemical Performance and SEI Growth in Lithium-Ion Batteries[END_REF][START_REF] Solchenbach | Electrolyte and SEI Decomposition Reactions of Transition Metal Ions Investigated by On-Line Electrochemical Mass Spectrometry[END_REF] and increase the overall cell impedance [START_REF] Joshi | Effects of Dissolved Transition Metals on the Electrochemical Performance and SEI Growth in Lithium-Ion Batteries[END_REF][START_REF] Björklund | Cycle-Induced Interfacial Degradation and Transition-Metal Cross-Over in LiNi0.8Mn0.1Co0.1O2-Graphite Cells[END_REF] . Parasitic reactions triggered at high potentials hence accelerate the degradation rate and hinder the cycling of Ni-rich NMCs to their full capacity. Stabilizing the positive interface above 4.2 V is thus of paramount importance to the development of high capacity LIB.

Facing up this challenge, recent years have seen a surge of efforts dedicated to the design and the stabilization of Ni-rich NMC materials using diverse approaches as the doping of active materials [START_REF] Prado | Cationic distribution in the Li(1-z)(Ni(1-y)Fe(y))(1+z)O2 electrode materials[END_REF][START_REF] Croguennec | Structural and electrochemical characterization of the LiNi1-yTiyO2 electrode materials obtained by direct solid-state reactions[END_REF][START_REF] Ober | Surface Stabilization of Cobalt-Free LiNiO2with Niobium for Lithium-Ion Batteries[END_REF] , the design of surface coatings [START_REF] Cho | High-performance ZrO2-coated LiNiO2 cathode material[END_REF][START_REF] Gao | Comprehensive Study of Al-And Zr-Modified LiNi0.8Mn0.1Co0.1O2through Synergy of Coating and Doping[END_REF][START_REF] Lee | Improved electrochemical performances of LiNi0.8Co0.1Mn0.1O2 cathode via SiO2 coating[END_REF] or the use of additives for high voltage [START_REF] Kim | Electrolyte-Additive-Driven Interfacial Engineering for High-Capacity Electrodes in Lithium-Ion Batteries: Promise and Challenges[END_REF][START_REF] Yang | Electrolytes Polymerization-Induced Cathode-Electrolyte-Interphase for High Voltage Lithium-Ion Batteries[END_REF][START_REF] Jang | Chemically-induced cathode-electrolyte interphase created by lithium salt coating on Nickel-rich layered oxides cathode[END_REF] . One strategy recently proposed to tackle instabilities at high potential is the use of so-called highly concentrated electrolytes (HCE) [START_REF] Wang | Superconcentrated electrolytes for a high-voltage lithium-ion battery[END_REF] . Thanks to their solvation structure [START_REF] Wang | Superconcentrated electrolytes for a high-voltage lithium-ion battery[END_REF] , HCE were proposed to circumvent recurrent issues of high-voltages Ni-rich NMC including aluminum corrosion [START_REF] Yamada | Corrosion Prevention Mechanism of Aluminum Metal in Superconcentrated Electrolytes[END_REF][START_REF] Qiao | Stable non-corrosive sulfonimide salt for 4-V-class lithium metal batteries[END_REF] , dissolution of TM [START_REF] Liu | Inhibition of transition metals dissolution in cobalt-free cathode with ultrathin robust interphase in concentrated electrolyte[END_REF] and solvent oxidation [START_REF] Yamada | Advances and issues in developing salt-concentrated battery electrolytes[END_REF] . Furthermore, HCE were proposed to form a robust CEI [START_REF] Liu | Inhibition of transition metals dissolution in cobalt-free cathode with ultrathin robust interphase in concentrated electrolyte[END_REF] . Owing to these positive attributes, improved capacity retention and cycling rates were reported with Ni-rich materials, albeit using a semi-infinite metallic lithium reservoir as negative electrode 33,[START_REF] Deng | Designing In-Situ-Formed Interphases Enables Highly Reversible Cobalt-Free LiNiO2 Cathode for Li-ion and Li-metal Batteries[END_REF] .

Although auspicious breakthroughs have been done in half-cells [START_REF] Hobold | Moving beyond 99.9% Coulombic efficiency for lithium anodes in liquid electrolytes[END_REF] , studies in full cells configuration focusing on long-term aging in practical conditions, including self-discharge and stability tests at high temperatures, are relatively sparse. Furthermore, when performed, no in-depth analysis of lithium inventory or capacity slippages and marching that are necessary to reveal complex phenomena such as shuttling or lithium plating were reported. In other word, despite the promises offered by HCE to stabilize Ni-rich NMC materials, key knowledge on stability are missing to rationally design and optimize HCE composition for high-voltage applications.

In this work, we subject different HCEs to a benchmark to probe their ability in stabilizing NMC811/graphite cells at high voltage. For that, we used an adapted analysis workflow recently proposed [START_REF] Meunier | Design of workflows for cross-talk detection and lifetime deviation onset in Li-ion batteries[END_REF] to demonstrate that the high performance of dimethylcarbonate (DMC) -based HCE rely on the sacrificial oxidation of the electrolyte, counter-balanced by plating on the surface of graphite negative electrode. These combined effects artificially sustain high lithium inventory upon aging. Our work unambiguously shows that the positive attribute of DMC-based HCE relies on its ability to achieve high coulombic efficiency for lithium plating/striping, thus delaying the capacity rollover and the cell death.

To prevent such phenomenon, we demonstrate how the SEI and the CEI ability to prevent lithium plating and DMC oxidation, respectively, can be enhanced by modulating the temperature during the formation cycles. Finally, we demonstrate that the design of alternative DMC-free HCEs can suppress the electrolyte oxidation at high potential, paving the way towards the development of HCE with true ability to operate at high voltages.

Experimental

Electrode material -Graphite electrodes coated on copper foil with a loading of 1.1 mAh.cm -² were obtained from Cidetec (Spain) and NMC811 coated on aluminum foil with a loading of 1.0 mAh.cm -2 from Umicore (Belgium). Graphite electrode were made of 94wt% 15-4 Graphite (Imerys), 2wt% C45 carbon black (Imerys) and a blend of 2wt% styrene butadiene rubber (SBR) BM451B (Zeon) with 2wt% of carboxymethylcellulose (CMC) CRT2000 (DOW chemical) as binders. NMC811 electrodes were made of 95wt% NMC811 (Umicore), 3wt% C65 carbon black and 2wt% polyvinylidene fluoride (PVDF).

Electrodes were punched into circular disks of Ø14 mm (positive) and Ø15 mm (negative), giving a capacity balancing N/P = 1.27. Before coin cell assembly, electrodes were dried overnight at 80 °C under reduced pressure.

Coin cell assembly -2032-type coin cells, 316-stainless steel grade, were assembled using 1.23 mm thick wave springs and a set of 0.5 and 1 mm spacers (AOT Battery, China). All cells were assembled in an Ar-filled glovebox. Aluminum foils of Ø20 mm were added between the positive electrode and the spacer, and between the spacer and the positive cap to prevent from stainless steel corrosion. A coated polypropylene separator film was used to increase the wettability of the highly concentrated electrolytes (Celgard 3501). Disks were punched and dried at 55°C for ~72 h before use and added as a single layer separator. The electrolyte volume was defined to fill 4-time the total porosity of the separator and both electrodes, i.e. 31.2 µL, and was added in two steps: 15.6 μL on the anode and the remaining 15.6 μL on the separator. Electrolytes used in this study were LP57 VC (1M LiPF6 in EC: EMC 30:70%wt + 2wt% VC, E-lyte, Germany) and LiFSI 5M in DMC (Solvionic, France). LiFSI 5M EC was made by dissolving the LiFSI salt (99.9% pure, Solvionic, France) into EC (DodoChem, China) at 55°C under vigorous stirring.

Electrochemical tests -Cells were cycled in a controlled temperature chamber (Memmert, Germany) with a BCS-810 potentiostat (BioLogic, France). Before the first charge, cells were rested for 12 h at 55°C. This step aimed to decrease the viscosity of the electrolyte and ensure proper filling of the electrode/separator pores. It was particularly necessary due to the high viscosity of LiFSI 5M DMC, of 120 mPa.s, compared to 2.8 mPa.s for LP57 [START_REF] Wang | Superconcentrated electrolytes for a high-voltage lithium-ion battery[END_REF][START_REF] Ding | Liquid Phase Boundaries, Dielectric Constant, and Viscosity of PC-DEC and PC-EC Binary Carbonates[END_REF] .The cell was then equilibrated at room temperature before use. The C-rate is defined from the theoretical capacity of NMC811 (C = 275 mAh.g -1 ) and all capacities were normalized by the active mass material of NMC811. The cycling procedure alternates between 100 cycles at CCCV 1C, i < C/20 and control cycles composed of C/10, i < C/20 + C/20 to assess cell performance. All cells are cycled in voltage range 2.5 -4.3 V. The first C/10 cycle before the control cycle performed at C/20 allows to reset the lithium inventory in the electrodes that can be underestimated when the last discharge at high current (1C) is followed by low charge current (C/20), as previously observed [START_REF] Atkins | Understanding Battery Interfaces by Combined Characterization and Simulation Approaches: Challenges and Perspectives[END_REF] . The C/20 cycle is thus more representative of the cell performance.

Incremental capacity and derivative voltage analysis -DVA and ICA were performed on cycles recorded at C/20 in a temperature-controlled chamber to ensure conditions close to thermodynamic equilibrium. During ICA, capacity was normalized by active mass material of positive electrode, and dQ/dV curves thus obtained smoothed using binomial filter. For DVA, dV/dQ discharge curves were plotted and fitted using VAWQuum v1.2 freeware provided by the Department of Physics and Atmospheric Science, Dalhousie University, Canada. The references curves, i.e. NMC811 vs Li + /Li and graphite vs Li + /Li, were recorded at C/20 and at the same working temperature as for full cells. Before fitting, the reference and full cell files were reduced to 100 points using linear interpolation and discharge endpoints set to 0 mAh to meet software requirements. The fitting model is: Bulgaria). Error bars on data plots were obtained from duplicata of a same condition.

In situ UV-visible -Graphite and NMC811 slurries (90% active material) were casted on 316-stainless grids and dried under vaccum at 80°C overnight. The electrodes as obtained were then cycled using ~3 mL of LiFSI 5M DMC in a commercial UV-visible cell (Sphereenergy, France). Voltage scan in the range of 2.5 -4.3 V was performed at 0.5 mV/s and ex-situ UV-visible spectra were recorded with a UV5 Bio spectrometer (Mettler Toledo).

The blank spectra was performed beforehand with a prisitine LiFSI 5M in DMC electrolyte.

X-ray photoemission spectrocopy (XPS)

-XPS data were collected at GALAXIES beamline of the SOLEIL synchrotron in France 39 using two different photon energies in the hard X-rays range, technique also called Hard X-ray photoemission spectrocopy (HAXPES). The electrochemical cells were opened in a glovebox filled with Ar with O2 and H2O contents below 0.1 ppm. The electrodes were soaked in three successive DMC baths

(1 min each) to remove the electrolyte from the surface to uncover the SEI. After drying the electrodes under vaccuum, they were placed onto a sample holder. A vacuum chamber was then used to transfer the sample holder from the argon glovebox to the HAXPES introduction chamber in order to avoid any contact with air. Photon energies of h = 3.0 and 6.9 keV were obtained from the first and the third order reflections of the Si(111) double-crystal monochromator, respectively. The probing depth is defined as three times the photoelectron inelastic mean free path (IMFP) and was estimated from the TPP-2M model developed by Tanuma et al. [START_REF] Tanuma | Calculations of electron inelastic mean free paths. IX. Data for 41 elemental solids over the 50 eV to 30 keV range[END_REF] , which uses the density and the band gap of the probed material. It is difficult to estimate accurately the probing depth of the SEI due to its complex chemical composition and morphology. Therefore, a rough estimation was done considering that the SEI is a mixture of carbonaceous and inorganic species, which was approximated as a mixture of Li2CO3 and LiF. The density of Li2CO3 is 2.1 and its band gap was fixed to 5 eV (with a poor influence on the result), while the density of LiF is 2.6 and its band gap was fixed to 14 eV. The photoelectrons were collected and analyzed by a SCIENTA EW4000 spectrometer, and the energy resolution obtained from the Au Fermi edge was 0.32 eV for 3.0 keV and 0.14 eV for 6.9 keV. The analysis chamber pressure was always kept at around 10 -8 mbar during the whole experiment, and no charge neutralizer was used. The binding energy scale was calibrated using the C 1s contribution of hydrocarbon at 285 eV. Filters were used to minimize the synchrotron brilliance onto the samples and thus possible degradation of the fragile SEI under the Xray beam: 95% filter (5% transmittance) at 3.0 keV and 60% filter (40% transmittance) at 6.9 keV.

Results and discussion

To investigate the stability of Ni-rich materials, graphite/NMC811 cells were cycled at 25°C Through the rest of the study, LP57 VC is thus used as reference electrolyte. When using HCE-DMC (orange), the cell reaches 70% of the initial capacity after 500 cycles, the best performance among the tested electrolytes. However, when looking at the coulombic efficiency (CE), the HCE-DMC cell shows a break: first a sharp increase is recorded until the 90 th cycle follows by a drastic drop starting at cycle 250. This observation suggests that despite the good capacity retention, the use of HCE-DMC electrolyte does not completely eliminate all parasitic reactions. To understand the origin of this enhanced capacity retention but diminished CE in HCE-DMC, quantifications of dissolved transition metal and XRD analysis were carried out in the following.

To probe the influence of concentration on the TM dissolution, solubility tests were first carried out for nickel, manganese or cobalt chloride salts (TMCl2 -TM = Ni 2+ , Mn 2+ or Co 2+ ) in DMC-based electrolytes. For different LiFSI concentrations ranging from 0 to 5 M, solutions were saturated with TMCl2 salts and vigorously stirred for 48h under inert atmosphere (Argon). After reaching the thermodynamic equilibrium at ambient temperature, the solutions were centrifuged, filtrated, and the TM concentrations were quantified by ICP-MS (Figure 1b). The resulting solubility shows a bell-shape as a function of the salt concentration, with a maximum at 1 M LiFSI. The highest amounts are measured for manganese, followed by cobalt then nickel, this trend remaining mainly the same in the whole range of LiFSI concentration. In diluted regime (< 1 M), increasing the FSI -concentration enhances the solubility of TM following the formation of [TMFSIy] complexes, as recently demonstrated [START_REF] Dubouis | Extending insertion electrochemistry to soluble layered halides with superconcentrated electrolytes[END_REF] . Instead, above 1 M, the weak dissociation of LiFSI salt and the increased activity coefficient for soluble species lower the solubility of

[TMFSIy] complex [START_REF] Dubouis | Extending insertion electrochemistry to soluble layered halides with superconcentrated electrolytes[END_REF] . As a result, the solubility of metal salts above 1 M of LiFSI abruptly decreases and is measured five-time lower at 5 M compared to that at 1 M 42 . However, the super concentration does not fully eliminate the dissolution of transition metals, suggesting that the positive attributes of HCE-DMC regarding capacity retention are not arising from a decreased dissolution of TMs.

To confirm that the metal dissolution from NMC811 is not at the origin for the better capacity retention, TMs deposited at the graphite negative electrode were quantified after 500 cycles. Graphite electrodes were retrieved after cycling, rinsed with DMC (few drops)

and digested into 2wt% nitric acid solutions before TMs to be quantified by ICP-MS (Figure 1c). About 75 µg of metals per cm² were measured for both LP57 VC and HCE-DMC electrolytes, confirming that metals dissolve from NMC811 and incorporate into the SEI upon cycling. To no surprise, nickel is found in large quantity at the anode, followed by manganese and cobalt. However, the amount of Mn is found much greater than the initial stoichiometry, consistent with the greater solubility recorded for manganese salt in Figure 1b and previously observed in the literature [START_REF] Ruff | Transition Metal Dissolution and Degradation in NMC811-Graphite Electrochemical Cells[END_REF] . More importantly, the quantity of TMs does not drastically differ between HCE-DMC and LP57 VC electrolytes, indicating that the different TMs lead to the same level of graphite poisoning. This observation suggests that the dissolution and incorporation follow the applied voltage rather than the solubility limit of NMC materials. Furthermore, our results indicate that the solvation structure of HCE does not inhibit the crossover of TMs.

To assess the effect of bulk degradation on capacity fading, X-ray diffraction measurements were carried out for NMC811 electrodes in a discharge state after 500 cycles (Figure 1d). No extra peaks associated with the formation of secondary phases, nor a decrease of peak intensities that would suggest an early fatigue of bulk material was observed. Furthermore, the NMC811 electrode recovered in a discharged state after cycling in HCE-DMC electrolyte shows similar peak position for the (003) diffraction peak at low angle, suggesting a full degree of lithiation at the end of discharge. In contrary, a lowering of the angle for the (003) peak is observed for NMC811 after discharge in LP57

VC electrolyte, indicating of lower lithiation content when compared to the pristine state.

This discrepancy in lithiation state can be explained by the low polarization observed when cycling in HCE-DMC compared to LP57 VC (Figure S1), as well as the particle fracture of NMC811 that prevents the full reintercalation of lithium during the discharge. Overall, there is no clear evidence of structural/chemical degradations of bulk material or different poisoning of the SEI by transition metal dissolution with HCE-DMC that could explain the better capacity retention or the lower CE observed in Figure 1. Rather, interfacial instability, which origins are investigated below, may explain this difference.

Relative slippages of capacity associated with parasitic reactions at the positive and the negative electrodes are retrieved using derivative voltage analysis (DVA) [START_REF] De Souza | Electrochemistry Visualization Tool to Support the Electrochemical Analysis of Batteries[END_REF] (Figure 2a).

When using LP57 VC (lower panel of Figure 2a), the graphite curve shifts to the left (black arrow), indicating that some lithium remains in the negative electrode at the end of the discharge [START_REF] Smith | High-precision differential capacity analysis of LiMn2O 4/graphite cells[END_REF] . This observation can be rationalized by degradations at the positive electrode, with a parasitic oxidation inducing an extra lithiation of the graphite upon charge. The greater cell polarization recorded with LP57 VC electrolyte can also explain this phenomenon (Figure S1), hampering the lithium re-insertion in NMC811 upon discharge and leading to the presence of residual lithium in the graphite electrode.

Degradations are found similar with HCE-DMC when compared to LP57 VC up to the 2 nd control cycle (i.e. 205 th cycle, upper panel, 1 rst step associated to the blue arrow), which fit is showed in Figure S7. However, after the second control cycle, the graphite curve suddenly shifts back to the right while the NMC811 curve shifts to the left (grey arrow, 2 nd step), which triggers the drop of CE recorded in Figure 1a. This observation indicates that the NMC811 electrode becomes gradually more deficient in lithium at the end of each discharge when using HCE-DMC. Moreover, the loss of active material at the negative electrode (LAM NE) reaches 33% of its initial mass suggesting a loss of electrical contact between particles, pores clogging or electrode delamination [START_REF] Ansean | Lithium-Ion Battery Degradation Indicators Via Incremental Capacity Analysis[END_REF][START_REF] Birkl | Degradation diagnostics for lithium ion cells[END_REF] . Altogether, the analysis of the electrochemical cycling data reveals that an increase in degradations at the negative electrode from the 200 th cycle onwards is at the origin for the loss of lithium inventory (LLI) [START_REF] Meunier | Design of workflows for cross-talk detection and lifetime deviation onset in Li-ion batteries[END_REF] , which is the main contribution to cell capacity loss (Figure S8b). Cells cycled using HCE-DMC electrolyte are thus plagued by significant degradations at both interfaces, alike in LP57 VC electrolyte, with nonetheless a different origin.

To complete our understanding of interfacial degradations occurring in HCE, the capacity shift of the charge (QC) and discharge (QD) endpoints are plotted in cumulative capacity as a function of cycle numbers (Figure 2b). For LP57 VC electrolyte (green), QD endpoints increase due to LLI associated with the SEI growth, as previously revealed by DVA [START_REF] Xu | Electrode Side Reactions, Capacity Loss and Mechanical Degradation in Lithium-Ion Batteries[END_REF] .

Instead, the relative stability of QC advocates for the absence of electrolyte oxidation.

Hence, the capacity loss can be ascribed, in addition to the rise in cell polarization, to side reactions at the negative electrode that gradually closes the cycling window (i.e. QC -QD).

For the HCE-DMC electrolyte (orange), QC quickly increases confirming the parasitic oxidation previously revealed by the DVA (Figure 2a). A poor passivation of the aluminum can be discarded as the origin for the parasitic oxidation, as linear sweep voltammetry recorded on aluminum current collector shows no dramatic oxidation (Figure S2) and the amount of aluminum found at the graphite electrode is similar between HCE-DMC and LP57 VC electrolytes (Figure 1c). Instead, electrolyte components are likely oxidized, increasing the lithiation degree of the graphite electrode beyond that matching the lithium de-intercalation from NMC811. From the 250 th cycle onwards (grey part, 2 nd step), a rollover is observed for QD endpoints, indicating the destabilization of the negative interface.

The conclusion is therefore twofold. First, degradations recorded with LP57 VC electrolyte are mainly caused by the SEI growth and the increased polarization. Second, cells cycled in HCE-DMC electrolyte are plagued by a parasitic oxidation that artificially and temporarily sustains high capacity retention; beyond the 250 th cycle the negative interface becomes unstable and the performance very rapidly decays.

The parasitic oxidation in HCE-DMC was further investigated by self-discharge tests (Figure 2c). In LP57 VC electrolyte, a very limited voltage drop (-0.03 V) is observed after 50 h at open circuit voltage at both 3.8 V or 4.3 V, suggesting a relatively good stability of the electrolyte in this potential range or an enhanced passivation of the interfaces. While similar voltage loss is obtained at 3.8 V for HCE-DMC, the cell experiences a significant drop of -0.13 V at 4.3 V after 50 h, suggesting a spontaneous re-lithiation of NMC811 likely associated with the oxidation of the electrolyte. While parasitic reactions at the graphite electrode cannot be discarded, the absence of self-discharge at 3.8 V strongly suggests that it is not responsible for the rapid voltage decay recorded after charging at 4.3 V. Instead, the self-discharge recorded for HCE-DMC suggests that the electrochemical oxidation of the electrolyte occurs, even if not contributing much to the capacity loss [START_REF] Rinkel | Electrolyte oxidation pathways in lithium-ion batteries[END_REF][START_REF] Jung | Chemical versus electrochemical electrolyte oxidation on NMC111, NMC622, NMC811, LNMO, and conductive carbon[END_REF] . Indeed, the rate loss of -2.6 mV/h (-0.13 V / 50h) measured at 4.3 V corresponds to a capacity loss of only -0.3 mAh, or a parasitic current of ~6 µA (300 µAh / 50 h).

Similar parasitic anodic currents have been recorded, in particular in DMC-based electrolytes, and were found to induce a coloration of the electrolyte [START_REF] Yan | Assessment of the Electrochemical Stability of Carbonate-Based Electrolytes in Na-Ion Batteries[END_REF] . In-situ UV-visible measurements were thus performed (Figure 2d). Upon cycling, colored species appeared at the NMC811 electrode (brown) within a dozen of hours, which migration is slow due to the high viscosity of the electrolyte (see inset in Figure 2d). The recorded UV spectrum shows three absorption bands at 223, 272 and 363 nm, matching those previously reported in 1.5 M NaPF6 DMC electrolyte [START_REF] Yan | Assessment of the Electrochemical Stability of Carbonate-Based Electrolytes in Na-Ion Batteries[END_REF] . Moreover, a similar UV-visible spectrum was obtained when using stainless steel and lithium electrodes in HCE-DMC (Figure S3), which indicates that the color does not stem from the complexation of any released TM from the NMC electrode. From this measurement, we conclude that DMC is most likely oxidized, which however does not explain the brutal switch of degradation regime initially dominated by the positive electrode at early stage of cycling to degradations at the negative electrode after 200 cycles.

To unveil the origins of the switch in degradation regime observed for HCE-DMC, incremental capacity analysis (ICA) is performed. When using LP57 VC (Figure 2e), the intensity of the peak at 4.11 V ascribed to NMC811 decreases upon cycles, confirming the LAM at the positive electrode (LAMPE) initially observed by DVA (Figure 2a). Moreover, the greater peak splitting observed with cycling reveals a rise of cell impedance [START_REF] Meunier | Electrochemical Protocols to Assess the Effects of Dissolved Transition Metal in Graphite / LiNiO 2 Cells Performance Electrochemical Protocols to Assess the Effects of Dissolved Transition Metal in Graphite / LiNiO 2[END_REF] . While similar conclusions can be drawn for HCE-DMC (Figure 2f), an additional feature is observed at 4.21 V upon charge (resp. 4.16 V upon discharge), most likely associated to lithium plating (resp. stripping) on graphite surface [START_REF] Ansean | Lithium-Ion Battery Degradation Indicators Via Incremental Capacity Analysis[END_REF] . The occurrence of Li plating matches with the onset cycle estimated using the capacity marching in charge. In details, considering a N/P balancing ratio of 1.27 and specific capacities of Q positive and Q negative of 1.54 mAh and 1.95 mAh, respectively, a safety capacity margin of 0.41 mAh is estimated. In addition, the progression of the charge capacity endpoint (Qc) is predominantly associated to parasitic oxidation occurring at the positive electrode (as seen in DVA), which average slope is +0.008 mAh per cycle between the 1st and 100th cycle. Consequently, after 51 cycles (0.41 mAh / 0.008 mAh.cycle-1), the parasitic oxidation exceeds the safety margin, leading to Li plating as the graphite electrode reaches its full capacity as observed in control 1 (Figure 1f). In addition, this interpretation is in agreement with the high LAM recorded at the negative electrode (Figure 2a), as lithium plating was previously shown to lead to pore clogging, electrical insulation of graphite particles or electrode delamination [START_REF] Ansean | Lithium-Ion Battery Degradation Indicators Via Incremental Capacity Analysis[END_REF][START_REF] Birkl | Degradation diagnostics for lithium ion cells[END_REF] .

Although Li plating is observed at early stage of cycling, the cell performance are sustained up to the 250 th cycle owing the previously reported ability of HCEs to plate/strip lithium with high CE [START_REF] Hobold | Moving beyond 99.9% Coulombic efficiency for lithium anodes in liquid electrolytes[END_REF][START_REF] Yamada | Superconcentrated electrolytes to create new interfacial chemistry in non-aqueous and aqueous rechargeable batteries[END_REF][START_REF] Yamada | Unusual stability of acetonitrile-based superconcentrated electrolytes for fast-charging lithium-ion batteries[END_REF] . This conclusion is consistent with the low LLI and capacity fading observed in Figure 1a. Due to this relatively good CE, 250 cycles are necessary for the LLI associated with lithium plating to be sufficient to trigger the capacity rollover. It is important to note that the quantity of lithium amount in the HCE electrolyte is two times higher than in NMC811, and 5 times greater than that for LP57 electrolytes. This factor potentially delays the appearance of detrimental effects due to lithium plating upon aging.

Finally, one must note that no lithium plating is recorded for LP57 VC electrolyte, which would have led to a rapid rollover of capacity fading, as previously observed [START_REF] Klein | Understanding the Outstanding High-Voltage Performance of NCM523||Graphite Lithium Ion Cells after Elimination of Ethylene Carbonate Solvent from Conventional Electrolyte[END_REF][START_REF] Attia | Review-"Knees" in Lithium-Ion Battery Aging Trajectories[END_REF][START_REF] Waldmann | Temperature dependent ageing mechanisms in Lithium-ion batteries -A Post-Mortem study[END_REF] .

In conclusion, the degradations observed at the positive and the negative interfaces in cells using HCE-DMC are interconnected. Indeed, DMC solvent is anodically decomposed upon charge, the additional capacity associated with this oxidation cannot be completely compensated by the sole intercalation of Li cation in graphite resulting in Li plating. Up until the 250 th cycle, lithium plating cannot be detected by the use of metrics such as capacity retention of CE, and only once the effects have sufficiently accumulate to destabilize the negative electrode a drop in CE and a knee point in the capacity retention curve are observed [START_REF] Attia | Review-"Knees" in Lithium-Ion Battery Aging Trajectories[END_REF] . To tackle this cascading effect, two strategies are proposed.

First, to alleviate the Li plating issues, cells were cycled at 55°C, temperature at which Li plating reaction is disfavored [START_REF] Waldmann | Temperature dependent ageing mechanisms in Lithium-ion batteries -A Post-Mortem study[END_REF][START_REF] Yang | Understanding the trilemma of fast charging, energy density and cycle life of lithium-ion batteries[END_REF] . The capacity retention recorded at 55°C for HCE-DMC is relatively similar to that recorded at 25°C, albeit the initial capacity that is greater due to the enhance kinetics for intercalation at high temperature. Instead, CE is found steady at 99.7%, unlike at 25°C where a rollover was recorded after 200 cycles (Figure 3a). The DVA (Figure 3b) and the evolution of capacity endpoints (Figure 3c) both show that cycling at elevated temperature is beneficial to reduce the rates of side reactions. In particular, no sign of lithium plating is detected (see the ICA in the inset of Figure 3c), which reduces the LLI associated with parasitic reactions at the negative electrode (Figure 3b). It is worth noting that the peak associated with the NMC811 plateau at 4.2 V is lost after the 5 th control, which we assume to be due to an increase in cell impedance (Figure S1).

However, at this stage, it remains unclear if the positive effect of temperature is solely associated to the enhanced kinetic of lithium intercalation reducing plating risks and/or to the stabilization of the interphases.

To determine the role of the interphases on the improved performance, the effect of preforming each interphase at 55°C was tested independently. For that, the SEI and the CEI were pre-formed at 55°C by cycling cells in HCE-DMC electrolyte at C/20, before being re-assembled with complementary electrodes. In other words, the aged NMC811 and its CEI was paired with a pristine graphite electrode, while the aged graphite and its SEI was paired with a pristine NMC811 electrode. Finally, a third cell in which both the SEI and the CEI were pre-formed at 55°C was prepared. The process is summarized in Figure 4a and the results obtained at 25°C with the newly assembled full cells are shown in Figure 4b and 4c. While the capacity retention is found similar for all three cases (Figure 4b), degradation rates clearly differ (Figure 4c). When the CEI is pre-formed (black cell), the shift of capacity endpoints is similar to that recorded without pre-formation, i.e. +0.045 mAh/cycle (Figure 4c) vs. +0.038 mAh/cycle (Figure 1a), indicating that the sole passivation of the CEI is not sufficient to eliminate the parasitic oxidation. Moreover, the ICA (Figure 4d) shows once again the features previously ascribed to Li plating, alike the cell cycled at 25°C. This observation confirms that the instability caused by Li plating is responsible for the capacity rollover from the 250 th cycle onwards (Figure 4b). When the SEI is pre-formed at 55°C (red cell), the rapid shift of capacity endpoints (Figure 4c) is similar to that observed for the cell cycled at 25°C without SEI formation, consistent with a copious electrolyte (DMC) oxidation. However, lithium plating is no longer observed (Figure 4e), suggesting that the preformation of the negative interphase can efficiently reduce the plating and prevent the capacity rollover.

Only pre-forming both the SEI and the CEI at 55°C leads to a significant decrease of the capacity shifting rate, i.e. 0.02 mAh/cycle, associated with a better CE (blue cell). The ICA (Figure 4f) shows a doubling of the peak at 4.11 V with the progressive appearance of a peak at 4.08 V upon successive charges (resp. 4.08 to 4.05 V for discharge). This peak doubling is the result of a graphite staging jump (GSJ) [START_REF] Meunier | Design of workflows for cross-talk detection and lifetime deviation onset in Li-ion batteries[END_REF][START_REF] Petzl | Lithium plating in a commercial lithium-ion battery -A low-temperature aging study[END_REF][START_REF] Dose | Effect of Anode Slippage on Cathode Cutoff Potential and Degradation Mechanisms in Ni-Rich Li-Ion Batteries[END_REF] . Indeed, the copious LLI resulting from the SEI and the CEI formation at 55°C lowers the lithiation degree of the negative electrode at the end of charge. Graphite ends the charge on the stage II of intercalation, at 110 mV, instead of the stage I at 80 mV. Eventually, this 30 mV upshift of graphite operating potential significantly reduces the risk of lithium plating. Altogether, our results suggest that pre-forming the interphases at 55°C influences their chemical nature / stability and conditions the capacity window at which electrodes operate, including GSJ.

To get more insight into the chemical composition of the SEI, XPS experiments were carried out on graphite electrodes recovered after 100 cycles at both 25 and 55°C from graphite/NMC811 cells cycled using LP57 VC and HCE-DMC electrolytes. For a better understanding of the SEI composition as a function of depth, two different photon energies were used, namely 3.0 and 6.9 keV (hard X-ray range), provided by synchrotron radiation.

These two photon energies provide probing depths estimated at 20-25 nm and 40-50 nm, respectively (see experimental details). Independently of the photon energy, the use of The O 1s spectra (Figure 5c) are rather different for the two different electrolytes. For LP57 VC, they consist of two components at ~532 and ~533.5 eV which are in good agreement with oxygenated carbonaceous species such as Li2CO3 and lithium alkylcarbonates, commonly described as the main species of the SEI [START_REF] Dedryvère | Characterization of lithium alkyl carbonates by X-ray photoelectron spectroscopy: Experimental and theoretical study[END_REF] . For HCE-DMC, the O 1s spectra are modified by the presence of the oxygenated salt LiN(SO2F)2.

Besides, most of O 1s spectra display at low B.E. (~528 eV) a very weak component corresponding to Li2O, easily detected as well separated from the other components, but corresponding to a very small amount in the SEI.

Looking at the differences between these samples, an important feature is the relative intensity of the C 1s component of graphite with respect to the other carbonaceous species, this ratio providing a qualitative idea regarding the SEI thickness. For LP57 VC electrolyte, the SEI thickness is much greater after cycling at 55°C than at 25°C (the relative area of C 1s components corresponding to the SEI is indeed multiplied by two with respect to graphite). Even so, the SEI thickness still remains below the probing depth (20-25 nm at 3 keV) since the signal of graphite is clearly detected. Unfortunately, no detailed quantification of species can be given due to the lack of reliable photoionization cross section database and of the analyzer transmission function at each possible photon energy of the beamline. However, quantitative comparisons between samples can be done. For example, for LP57 VC electrolyte, the F 1s / C 1s area ratio decreases by a negligible amount of 7% from 25°C to 55°C. This indicates that the global amount of fluorinated species is similar at the two temperatures. However, the relative amount of LiF with respect to PF6 -is much greater at 55°C compared to 25°C, in good agreement with an enhanced degradation of the salt promoted by the temperature. This enhanced salt degradation is also clearly seen in the P 2p spectra showing more phosphates with respect to PF6 -at 55°C. As a result, we can conclude that the SEI is thicker, and richer in inorganic species originating from the salt degradation at 55°C. This observation should be seen in conjunction with the electrochemical results. Indeed, a similar capacity fading upon cycling is observed at both temperatures for LP57 VC electrolyte. Hence, although the SEI is thicker at 55°C and should therefore correspond to an increase of interfacial impedance, this is counterbalanced by a faster kinetic for lithium exchange. Similar observations can be done for HAXPES spectra recorded with the greater photon energy (6.9 keV, see Figure S4) corresponding to a doubling of the probing depth. The relative area of the C 1s components corresponding to the SEI is indeed doubled compared to graphite, confirming the thickening of the SEI.

Turning then to the HCE-DMC electrolyte, the effect of temperature on the SEI thickness is opposite: the SEI is thinner at 55°C than at 25°C. As seen from the C 1s signal of graphite in Figure 5a, the relative area of C 1s components corresponding to the SEI is divided by 2.4 with respect to graphite. The SEI thickness for HCE-DMC at 25°C is the greatest measured for these two series of samples. In parallel, the F 1s / C 1s area ratio decreases by 32% at 55°C, indicating that the SEI has been significantly depleted in fluorinated species at 55°C compared to 25°C. These observations are again in good agreement with the electrochemical results. Indeed, lithium plating was observed upon over-lithiation of the graphite electrode taking place at 25°C, which is consistent with a thick and resistive SEI delaying intercalation into graphite. On the contrary, at 55°C the SEI is not only thinner but also contains less inorganic (and supposedly more resistive) species than at 25°C, with a resulting positive effect on the electrochemical performances.

The results suggest that lithium plating observed at 25°C with HCE-DMC leads to more electrolyte decomposition at the negative electrode, this result is consistent with the increase of the LLI during DVA (Figure 2a) and the rollover of marching capacity (Figure 2b).

While temperature was shown to prevent lithium plating in HCE-DMC, this does not suppress the chemical origin for this reaction which arises from the parasitic oxidation of DMC. DMC was then replaced by EC to form a LiFSI 5M in EC (HCE-EC) electrolyte which was tested at 25°C and 55°C (Figure 6a). At 25°C, the capacity retention curve shows a single slope degradation and a significantly improved CE of 99.4% in average.

The marching of capacity endpoints (Figure 6b) and the DVA (Figure 6c) both show no significant parasitic oxidation when compared to HCE-DMC. The main origin for the capacity loss can thus be attributed to the LLI associated with the growth of the SEI (shift to the left of the positive electrode). This LLI cannot be attributed to higher transition metal amounts, as suggested by ICP-MS quantification in Figure S5. At 55°C, no parasitic oxidation is detected and the faster capacity fading when compared to 25°C is again attributed to the LLI being favored at high temperatures.

Finally, no lithium plating/striping is observed during ICA (Figure 6d) and thus no rollover in the capacity marching plots are observed at 25°C or 55°C. Bearing in mind that lithium plating was demonstrated to be the direct result of the extra capacity arising from DMC oxidation, our results show that the positive attribute of HCE-EC is its stability and lack of parasitic oxidation at high potential. Nevertheless, the DVA shows that HCE-EC suffers from a drastic LLI at the negative electrode and an uncontrolled growth of the SEI when cycled at 55°C.

Conclusion

While cycling NMC811 at high potential (4. indicate that an appropriate choice of solvent can efficiently circumvent a cascade of side reactions upon cell aging. The sole switch to EC solvent has indeed stabilize the positive interface and avoided the rollover failure. Although an instability remains at the negative interface, the use of additives as used for the optimization of dilute electrolytes could potentially alleviate this issue. Finally, only the use of appropriate electrochemical analysis and analysis workflows could reveal such complex phenomena [START_REF] Meunier | Design of workflows for cross-talk detection and lifetime deviation onset in Li-ion batteries[END_REF] , in which side reactions trigger each other', pushing for their widespread adoption in the field to evaluate the benefits associated with any novel electrolyte and avoid any false positive. 
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 43 with conventional LP57 (ethylene carbonate EC: dimethyl ethyl carbonate EMC 1:1 with 1 M LiPF6), LP57 VC (LP57 + 2w% vinylene carbonate) and HCE-DMC (5 M LiFSI in DMC) electrolytes. The cycling procedure is composed of 100 cycles at 1C (CC; CV i < C/20) separated by control cycles at C/20 from which in-depth electrochemical analysis are carried out. Control cycles are referred to as follow: control N is associated to cycle at C/20 recorded after the Nx100 aging cycles at 1C. For instance, control 0 corresponds to the first C/20 cycle carried out before the first 1C aging cycles, while control 2 corresponds to the C/20 performed after 200 aging cycles at 1C. The resulting capacity retentions are plotted in Figure1a. While the LP57 cell reaches 80% of initial state of charge (SOC) after the 65 th cycle (grey), LP57 VC (green) reaches a comparable end-of-life criteria after 130 th cycles, confirming that the addition of VC is beneficial for stabilizing the cell at 4.3 V.

  Hard X-ray photoemission spectrocopy (HAXPES) allowed reaching a greater probing depth than the SEI thickness, and therefore detecting the C 1s signal of graphite. The results are shown in Figure5for 3.0 keV photon energy and in FigureS4for 6.9 keV.The C 1s spectra of all samples (Figure5a) show the same components, i.e. a thin and asymmetric component at low binding energy (~283 eV) assigned to graphite and four components at 285 eV, 286.5-287 eV, ~288 eV, and 289.5-290 eV attributed to hydrocarbon (CHx), one-oxygen, two-oxygen and three-oxygen (carbonate) environments of carbon, respectively. The observed binding energy (B.E.) of graphite is ~1 eV weaker than observed for pure graphite material. This difference cannot be attributed to the lithiation of graphite, but instead to the differential charging effect between the SEI and the graphite substrate during the ejection of photoelectrons due to the great difference of electronic conductivities between them. The four other components are in good agreement with what is classically observed for the SEI obtained with carbonate-based electrolytes, i.e. carbonaceous species resulting from the reduction of solvents[START_REF] El Ouatani | The Effect of Vinylene Carbonate Additive on Surface Film Formation on Both Electrodes in Li-Ion Batteries[END_REF] . Note that a weak additional component at ~291 eV is also observed, which can have two origins, first the polymerization of VC at the surface of graphite leading to poly(VC) in the case of LP57 electrolyte[START_REF] El Ouatani | The Effect of Vinylene Carbonate Additive on Surface Film Formation on Both Electrodes in Li-Ion Batteries[END_REF] , secondly to the -* shake-up satellite of graphite peak. The F 1s spectra (Figure 5b) consists of two components: a first one at high B.E. assigned to the salt (PF6 -in the case of LP57 VC, and FSI -in the case of HCE-DMC), and a second one at lower B.E. (~685 eV) attributed to LiF which is the common degradation compound observed for fluorinated salts. Degradation compounds of the salts are also detected in P 2p spectra (for LiPF6) by the presence of a P 2p doublet at low B.E. (~134 eV) corresponding to phosphates, and in N 1s spectra (for LiFSI) by the presence of a component at low B.E. (~398.5 eV) arising from the break of S-F bonds and subsequent formation of LiF 59 .

  3 V) is associated with a rapid capacity decay, our work confirms that, at first glance, the use of HCE-DMC improves the performance of graphite/NMC811 cells. Nevertheless, a careful analysis of the electrochemical results using DVA, ICA and capacity marching reveals that the good performance of HCE-DMC are artificially maintained and that the cell chemistry is plagued by a cascade of side reactions. Triggering this cascade is the anodic decomposition of DMC at high potential which, unlike previously believed, is not prevented by the use of highly concentrated electrolyte. The extra capacity arising from DMC oxidation is counter-balanced by an overlithiation of the graphite electrode which causes lithium plating. Unlike in diluted carbonate electrolytes for which lithium plating readily leads to a capacity rollover, the high CE associated with lithium plating/striping in HCE does not cause any drop in capacity. Only after 250 cycles the build-up of degradations eventually destabilizes the negative electrode and precipitates the capacity fading.To circumvent the lithium plating, two strategies are proposed in this work: the design of DMC-free HCE and the mastering of the SEI and CEI stability by the use of pre-formation steps at elevated temperatures. Hence, our work reveals that when cycling at 55°C the SEI is thinner and less resistive, helping to prevent Li plating on the graphite surface. High temperatures conditions also the capacity / voltage windows of electrodes and postpone the occurrence of lithium plating as the result of GSJ and the upshift of working potential at the negative electrode. Furthermore, comparing the results obtained in HCE-DMC and HCE-EC, we confirm the detrimental role played by DMC at high potential where ECbased HCE do not show any sign of parasitic oxidation at 4.3 V and thus no lithium plating at the negative electrode. However, copious LLI are observed when cycling at 55°C, significantly limiting the capacity retention recorded with HCE-EC. Ultimately, our results

Figure 1 :

 1 Figure 1: a) Cell performance recorded for graphite/NMC811 cells at 4.3 V -25°C using LP57, LP57 VC and LiFSI 5M DMC. The control cycles are designated as follows: Control N corresponds to the cycle at C/20 that is measured after subjecting the battery to Nx100 aging cycles at 1C. b) Evolution of nickel, manganese and cobalt chloride salt solubilities in LiFSI:DMC electrolytes as a function of LiFSI concentration. c) Transition metal quantities measured on graphite electrodes retrieved after 500 cycles at 4.3 V using LP57 VC and LiFSI 5M DMC. Error bars are obtained from duplicated measurement. d) Post mortem X-ray diffractograms of NMC811 electrodes showing no early material fatigue after 500 cycles.

Figure 2 :

 2 Figure 2: a) Derivative voltage analysis (DVA) of graphite/NMC811 cells cycled using LP57 VC and LiFSI 5M DMC. The control cycles are designated as follows: Control N corresponds to the cycle at C/20 that is measured after subjecting the battery to Nx100 aging cycles at 1C. b) Associated marching capacities. c) Self discharge tests at 3.8 V and 4.3 V. d) UV-visible spectrum of the species released at the positive electrode when using LiFSI 5M DMC electrolyte. Incremental capacity analysis (ICA) performed on C/20 control cycle for LP57 VC e) and HCE-DMC f).

Figure 3 :

 3 Figure 3: a) Graphite/NMC811 performance at 55°C -4.3 V for cells cycled using LP57 VC and LiFSI 5M DMC electrolyte. b) Associated derivative voltage analysis. c) Capacity endpoints of LiFSI 5M DMC at 25°C and 55°C. Incremental capacity analysis for cell cycled in LiFSI 5M DMC at 55°C is given in insert. The control cycles are designated as follows: Control N corresponds to the cycle at C/20 that is measured after subjecting the battery to Nx100 aging cycles at 1C.

Figure 4 :

 4 Figure 4: a) Schematic view of the interphases pre-formation steps performed at 55°C and tested conditions. b) Cycling performance of reassembled cells with the interphases pre-formed at 55°C. c) Shift of capacity endpoints recorded for cells using pre-formed interphases. Incremental capacity analysis of cells which CEI d), SEI e) and both CEI and SEI are pre-formed at 55°C. The control cycles are designated as follows:Control N corresponds to the cycle at C/20 that is measured after subjecting the battery to Nx100 aging cycles at 1C.

Figure 5 :

 5 Figure 5: a), C 1s, b) F 1s and c) O 1s HAXPES spectra of graphite electrodes recovered from graphite/NMC811 cells after 100 cycles performed at 25 and 55°C, using LP57 VC and LiFSI 5M DMC electrolytes. d) P 2p spectra in the case of LP57 VC (LiPF6 salt), and e) N 1s spectra in the case of LiFSI 5M DMC. The HAXPES spectra were recorded with 3 keV photon energy.

Figure 6 :

 6 Figure 6: a) Cycling performance measured using LiFSI 5M EC at 25 and 55°C. The control cycles are designated as follows: Control N corresponds to the cycle at C/20 that is measured after subjecting the battery to Nx100 aging cycles at 1C. b) Comparison of marching capacities between LiFSI 5M DMC and LiFSI 5M EC as a function of cycling temperature. c) DVA of the cells using HCE-EC at 25°C (higher panel) and 55°C (lower panel). d) ICA performed at 25°C (upper panel) and 55°C (low panel) for HCE-EC.
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