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Confinement Effects on an Electron Transfer Reaction in Nanoporous Carbon Electrodes

Nanoconfinement generally leads to drastic effect on the physical and chemical properties of ionic liquids. Here we investigate how the electrochemical reactivity in such media may be impacted inside nanoporous carbon electrodes. To this end, we study a simple electron transfer reaction using molecular dynamics simulations. The electrodes are held at constant electric potential by allowing the atomic charges on the carbon atoms to fluctuate. We show that the Fe 3+ /Fe 2+ couple dissolved in an ionic liquid exhibits a deviation with respect to Marcus theory. This behavior is rationalized by the stabilization of a solvation state of the Fe 3+ cation in the disordered nanoporous electrode that is not observed in the bulk. The simulation results are fitted with a recently proposed two solvation state model, which allows us to estimate the effect of such a deviation on the kinetics of electron transfer inside nanoporous electrodes.
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Nanoconfinement has been observed to have a significant influence on the performance of supercapacitors, as has been demonstrated by experiments [START_REF] Chmiola | Anomalous Increase in Carbon Capacitance at Pore Sizes Less Than 1 Nanometer[END_REF][START_REF] Raymundo-Piñero | Relationship Between the Nanoporous Texture of Activated Carbons and Their Capacitance Properties in Different Electrolytes[END_REF] and simulations, [START_REF] Kondrat | Effect of Pore Size and Its Dispersity on the Energy Storage in Nanoporous Supercapacitors[END_REF][START_REF] Merlet | On the Molecular Origin of Supercapacitance in Nanoporous Carbon Electrodes[END_REF][START_REF] He | Dynamic Charge Storage in Ionic Liquids-filled Nanopores: Insight from a Computational Cyclic Voltammetry Study[END_REF][START_REF] Vatamanu | Capacitive Energy Storage: Current and Future Challenges[END_REF] where it was shown that the use of materials with sub nanometric pores as electrodes greatly increase the capacitance of these devices.

Within the realm of electrochemical applications, room temperature ionic liquids (RTILs) have attracted a considerable attention. [START_REF] Silvester | Electrochemistry in Room Temperature Ionic Liquids: A Review and Some Possible Applications[END_REF][START_REF] Armand | Ionic-liquid Materials for the Electrochemical Challenges of the Future[END_REF] In principle, the properties of RTILs are tunable due to the wide variety of cations and anions from which they can be prepared. Because RTILs are solely made of charged species, it would have been expected that using them to replace standard electrolytes would increase the performance of supercapacitors. Yet, the interfacial capacitance of RTILs and acetonitrile-based electrolyte supercapacitors remain somewhat similar. This rather disappointing observation has been attributed to the more important correlations between ions in RTILs, which is due to the absence of electrostatic screening by the solvent. [START_REF] Burt | Capacitance of Nanoporous Carbon-Based Supercapacitors Is a Trade-Off between the Concentration and the Separability of the Ions[END_REF] An alternative could be to take advantage of the tunability of RTILs to develop new storage concepts. Recently, Mourad et al. reported a large enhancement of the energy stored due to simultaneous capacitive and Faradic processes when biredox RTILs are used as electrolytes in a supercapacitor. [START_REF] Mourad | Biredox Ionic Liquids with Solid-like Redox Density in the Liquid State for High-energy Supercapacitors[END_REF] Among the various questions raised by this study, the most important ones are:

How is the electron transfer rate affected by confinement? Does the charging of such a supercapacitor remain dominated by the ionic diffusion?

From the theoretical point of view, electron transfer reactions in solution are usually studied in the framework of Marcus theory, which aims at accounting for the influence of solvent fluctuations on the rate of electron transfer. [START_REF] Marcus | On the Theory of Oxidation-Reduction Reactions Involving Electron Transfer[END_REF] Marcus theory has been widely used to interpret experiments and simulations with an undeniable success. However, some systems exhibiting a deviation from Marcus linear behavior have been reported. [START_REF] Small | The Theory of Electron Transfer Reactions: What May Be Missing?[END_REF][START_REF] Blumberger | Cu + aq /Cu 2+ aq Redox Reaction Exhibits Strong Nonlinear Solvent Response Due to Change in Coordination Number[END_REF] Several extensions to the theory were proposed to account for them. [START_REF] Matyushov | Modeling the Free Energy Surfaces of Electron Transfer in Condensed Phases[END_REF][START_REF] Vuilleumier | Extension of Marcus Picture for Electron Transfer Reactions with Large Solvation Changes[END_REF] A reason why Marcus theory might fail arises from the fact that one of its key assumptions is that the fluctuations of the solvent around the reactant and the product are similar. Yet, if the solvation states of the two species are structurally different, this hypothesis can be wrong as evidenced by the use of density functional theory-based Molecular Dynamics simulations of aqueous copper and silver ions. [START_REF] Blumberger | Cu + aq /Cu 2+ aq Redox Reaction Exhibits Strong Nonlinear Solvent Response Due to Change in Coordination Number[END_REF][START_REF] Vuilleumier | Extension of Marcus Picture for Electron Transfer Reactions with Large Solvation Changes[END_REF] In experiments as well, introducing asymmetry in Marcus theory [START_REF] Laborda | Asymmetric Marcus-Hush Theory for Voltammetry[END_REF] was necessary to fit the voltammetric data of various RTILs. [START_REF] Tanner | Application of Asymmetric Marcus-Hush Theory to Voltammetry in Room-Temperature Ionic Liquids[END_REF] Finally, in the case of interfacial systems several studies have underlined the importance of field penetration into the metal and of solvent spatial correlations. [START_REF] Dzhavakhidze | Activation Energy of Electrode Reactions: the Non-Local Effects[END_REF][START_REF] Phelps | Nonlocal Electrostatic Effects on Electron-Transfer Activation Energies: Some Consequences for and Comparisons with Electrochemical and Homogeneous-Phase Kinetics[END_REF] Confinement might have a drastic influence on the solvation shell of the adsorbed species. [START_REF] Merlet | Highly Confined Ions Store Charge More Efficiently in Supercapacitors[END_REF][START_REF] Prehal | Quantification of Ion Confinement and Desolvation in Nanoporous Carbon Supercapacitors with Modelling and in Situ X-ray Scattering[END_REF] Thus, it is worth investigating this effect on the electron transfer rate. [START_REF] Bai | Charge Transfer Kinetics at the Solid-solid Interface in Porous Electrodes[END_REF] We report here a molecular dynamics study of the Fe 3+ /Fe 2+ electron transfer reaction which has already been proposed in previous redox supercapacitor concepts. [START_REF] Akinwolemiwa | Redox Electrolytes in Supercapacitors[END_REF][START_REF] Su | Improvement of the Capacitive Performances for Co-Al Layered Double Hydroxide by Adding Hexacyanoferrate into the Electrolyte[END_REF] The experimental studies involve complex species, so that we focus on a simplified system in order to gain a first insight on electron transfer reactions in carbon nanopores. In particular, our study corresponds to infinite dilution since it is known that inorganic salts have low solubilities in imidazolium-based RTILs. [START_REF] Pereiro | Solubility of Inorganic Salts in Pure Ionic Liquids[END_REF] The studied ionic liquid is the 1-ethyl-3-methylimidazolium tetrafluoroborate (EMIM-BF 4 ), which is put in contact with model carbide-derived carbon (CDC) nanoporous electrodes. We show that the free energy profiles for the electron transfer reaction strongly deviate from Marcus theory due to the presence of two solvation states for the Fe 3+ species.

Figure 1: The simulation cell is constituted of two porous electrodes held at constant potential (cyan C atoms). The electrolyte is composed of a FeCl 3 or FeCl 2 unit dissolved in EMIM-BF 4 , modeled using a coarse-grained force-field [START_REF] Merlet | New Coarse-grained Models of Imidazolium Ionic Liquids for Bulk and Interfacial Molecular Simulations[END_REF] (red: the three interaction sites of EMIM + , green: the single site of BF - 4 , blue: Fe (III) cation and violet: Cl -anions).

We build on previous work by using a simulation cell similar to the one we used to investigate the origin of increased capacitance in nanoporous carbon-based supercapacitors. [START_REF] Merlet | On the Molecular Origin of Supercapacitance in Nanoporous Carbon Electrodes[END_REF] We employ a coarse-grained model of the EMIM-BF 4 with, respectively, 3 and 1 interaction sites for the cation and the anion, [START_REF] Roy | An Improved Four-Site Ionic Liquid Model[END_REF] to which we add one iron ion and the appropriate number of chloride counter ions. We keep the electric potential inside the electrodes constant and equal to 0 V by using the procedure developed by Sprik et al. [START_REF] Siepmann | Influence of Surface Topology and Electrostatic Potential on Water/Electrode Systems[END_REF] , which allows the charge on the electrode to adjust in response to the local electric potential due to the electrolyte ions. Each electrode is represented by a model of CDC containing 3821 carbon atoms. [START_REF] Palmer | Modeling the Structural Evolution of Carbide-derived Carbons Using Quenched Molecular Dynamics[END_REF] To address the effect of the local environment experienced by the redox species we ran several simulations in which the initial position of the iron ion is set in different pores of the disordered carbon material. In order to study the following redox half-reaction:

Fe 2+ → Fe 3+ + e -
we performed simulations of the reduced species Fe 2+ and of the oxidized one Fe 3+ . It has been shown by Warshel 36,[START_REF] Hwang | Microscopic Examination of Free-energy Relationships for Electron Transfer in Polar Solvents[END_REF] that a relevant reaction coordinate to study electron transfer reaction is the vertical energy gap ∆E, which is defined as

∆E({R N }) = E 1 ({R N }) -E 0 ({R N }), (1) 
where E 1 and E 0 are the instantaneous potential energies of a system with either the reduced or the oxidized state of the redox-active species for a given microscopic configuration {R N }. We recall here that in the linear response assumption in Marcus theory, [START_REF] Marcus | On the Theory of Oxidation-Reduction Reactions Involving Electron Transfer[END_REF][START_REF] Marcus | On the Theory of Electron-Transfer Reactions. VI. Unified Treatment for Homogeneous and Electrode Reactions[END_REF] the distribution of the order parameter is Gaussian [START_REF] Georgievskii | Linear Response in Theory of Electron Transfer Reactions as an Alternative to the Molecular Harmonic Oscillator Model[END_REF] and, in particular, the shape of the distribution of ∆E obtained by performing simulations with the Hamiltonian of the reactant or the product should be identical. As shown in Figure 2a, this is clearly not the case, the distribution for the Fe 2+ being almost Gaussian, while the one for the Fe 3+ is not. This is a first indicator that this system does not follow Marcus theory picture.

In order to increase the statistical accuracy, we use the free-energy perturbation method. This variant of umbrella sampling introduces a coupling parameter (η) between the reduced and oxidized states. [START_REF] King | Investigation of the Free Energy Functions for Electron Transfer Reactions[END_REF] The simulations are then performed with an intermediate Hamiltonian associated to the potential energy surface E η defined as the linear superposition: 

E η = (1 -η)E 0 + ηE 1 (2) 
A direct consequence of the linear assumption of Marcus theory is that E η should vary linearly with η. [START_REF] King | Investigation of the Free Energy Functions for Electron Transfer Reactions[END_REF] To test this, we carried out simulations with different values of the coupling parameter η = 0, 0.25, 0.5, 0.75, 0.8, 0.9 and 1.0. It is clear for Figure 2b that the Marcus picture is violated, since the corresponding vertical energy gaps do not follow the expected linear variation.

As pointed out in the introduction, discrepancy with Marcus theory often originates from strong changes in the solvation shell between the reduced and oxidized states. To investigate if that is indeed the case here, we examine the coordination number of the iron cation along the simulations.

The radius of the first solvation shell is taken equal to the first minimum of the Fe-BF - 4 radial distribution function in the absence of electrodes (3.8 Å). We observe that the coordination number (CN) of the Fe 3+ cation fluctuates between values of 4 and 6 during the simulation. This is clearly an effect of the confinement since the cation remains close to the carbon electrode, and the corresponding CN is 4 in the pure RTIL. In contrast, the Fe 2+ cation has a CN that remains equal to 4 during the whole simulations, as shown in Supplementary Figure S1.

The distances between Fe 3+ and the six nearest anions along a representative trajectory are displayed in Figure 3a; the other simulations display similar variations. The alternation between two coordination environments is confirmed by the fact that during some parts of the simulations we detected that 4 anions are closely coordinated to the Fe 3+ with a Fe-BF 4 distance of 2.8 Å, the two remaining anions being located further away from the iron with a distance greater than 4 Å, while in other parts the 6 anions are coordinated with Fe 3+ with metal-ligand distances fluctuating between 2.6 and 3.8 Å. Figure 3c and Figure 3d show representative snapshots of the two coordination states which appear to be tetrahedral and octahedral, respectively. The corresponding fluctuations of the vertical energy gap are shown on Figure 3b. Sudden changes occur concommitently with the jumps in CN in Figure 3a, which shows that the confinement effect on the solvation of Fe 3+ is at the origin of the departure from Marcus theory discussed above.

Among all models available in the literature to extend Marcus theory to non-linear behavior [START_REF] Blumberger | Recent Advances in the Theory and Molecular Simulation of Biological Electron Transfer Reactions[END_REF] we use the one proposed by Vuilleumier et al. [START_REF] Vuilleumier | Extension of Marcus Picture for Electron Transfer Reactions with Large Solvation Changes[END_REF] In particular, we employed their two-Gaussian solvation (TGS) state model, which allows the reactant and product to experience two different solvation states (S 0 and S 1 ). This leads to four (two pairs) diabatic free energy parabolas instead of two in the case of Marcus theory. For each of the states S 0 or S 1 , the Landau free energy is assumed to be quadratic, which corresponds to a Gaussian probability distribution P η . The authors also derived the necessary equations to compute the average energy gap ∆E η and the Landau free energies.

Marcus theory involves only 2 parameters: ∆A measures the relative position of the two parabolas while λ is the reorganization energy of the solvent, which fixes the curvature of the parabola and also the width of the Gaussian distribution of the reaction coordinate. In the TGS model, 4

parameters are required, one reorganization energy for each state λ S 0 and λ S 1 and the relative positions of the two parabola for each solvation state ∆A S 0 and ∆A S 1 . Moreover, a fifth parameter is necessary to set the relative position of the two pairs of parabolas, for instance the difference in free energy between the two solvation states of the reduced species

∆ S A 0 = A Fe 2+ S 1 -A Fe 2+ S 0 .
The effect of the confinement was not investigated by the authors of the TGS model, since they only carried out simulations in bulk. However, it has been shown from simulation studies of the Eu 3+ /Eu 2+ redox couple in potassium chloride molten salt at an fcc metallic electrode that the reorganization energy strongly depends on the distance between the ion and the electrode. [START_REF] Pounds | Molecular Aspects of the Eu 3+ /Eu 2+ Redox Reaction at the Interface Between a Molten Salt and a Metallic Electrode[END_REF] This reorganization energy is expected to decrease when the redox species get closer to the electrode. We mention that this behavior had previously been predicted theoretically by Marcus for perfect conductors, [START_REF] Marcus | On the Theory of Electron-Transfer Reactions. VI. Unified Treatment for Homogeneous and Electrode Reactions[END_REF][START_REF] Marcus | Reorganization Free Energy for Electron Transfers at Liquid-liquid and Dielectric Semiconductor-liquid Interfaces[END_REF] but this effect should decrease if the role of field penetration into the metal electrode was accounted. [START_REF] Dzhavakhidze | Activation Energy of Electrode Reactions: the Non-Local Effects[END_REF][START_REF] Phelps | Nonlocal Electrostatic Effects on Electron-Transfer Activation Energies: Some Consequences for and Comparisons with Electrochemical and Homogeneous-Phase Kinetics[END_REF] To quantify this effect in our system, we performed additional simulations with a planar graphite electrodes. They confirm the dependency on the distance to the electrode of the reorganization energy, as shown in Supplementary Figures S2 to S4. In nanoporous electrodes it is not possible to define a simple distance to the electrode, the fit of the TGS model should therefore yield an averaged contribution of all the possible distances. However we observed that the iron does not go into contact with the carbon during the whole simulation data, regardless of the iron solvation state, the nature of the pore in which it is solvated or its coordination number. For this reason and for the sake of simplicity we made the additional assumption that the reorganization energies should be equal for both states, turning the original 5-parameter model TGS into a 4 parameter-one. The different parameters obtained by fitting the simulation data are given in Table 1. The diabatic free energy curves for the reduced and oxidized species in Fe 3+ /Fe 2+ predicted by the TGS model with the parameters of Table 1 are plotted in Figure 5. The two parabolas for the reduced or oxidized state (η = 0 or 1) correspond to a given solvation state. The free energy difference (∆ S A 0 ) between the hexacoordinated and the tetracoordinated forms of Fe 2+ is large (0.52 Figure 5: Diabatic free energy curves of the reduced and oxidized species obtained by TGS model with the parameters of Table 1. "CN4" and "CN6" labels refer to the tetra and hexacoordinated solvation states and correspond to S 0 and S 1 respectively.

eV) with respect to the thermal energy k B T (34.5 meV at T = 400 K). The hexacoordinated state is therefore very unlikely, which explains why it is never observed in our equilibrium simulations.

On the other hand, the free energies of the two coordination states are very close from each other for Fe 3+ .

Fe 2+ , CN4 Fe 2+ , CN6

Fe 3+ , CN4 Fe 3+ , CN6 0.24 eV 0.25 eV 0.01 eV 0.52 eV -0.27 eV 0.39 eV 0.55 eV Figure 6: Mechanistic diagram of the electron transfer reaction under confinement. Black numbers: free energy differences; red numbers: activation energies (labelled ∆A † 1 and ∆A † 2 on Figure 5).

The thermodynamic and kinetic informations extracted from Figure 5 are summarized in a mechanistic diagram in Figure 6. We can see that the electron transfer from tetracoordinated Fe 2+

to hexacoordinated Fe 3+ is as likely as the transfer to the tetracoordinated Fe 3+ from a thermodynamic point of view, since the corresponding free energy differences are very similar, 0.24 and 0.25 eV respectively. From a kinetic point of view the picture is completely different since the corresponding activation energy, taken at the intersection between the two parabolas, is much higher (0.55 eV vs. 0.39 eV). As a consequence, the effect of the confinement is likely to have a nega-tive impact on the kinetic rate of the electron transfer reaction. Indeed, it allows for the existence of hexacoordinated Fe 3+ , which is not stable in the bulk liquid in our simulations. The electron transfer from Fe 2+ to this chemical species has a very large activation energy barrier, making such events unlikely to occur. This result contrasts with the observation of Remsing et al. who observed an enhancement of the electron transfer due to the confinement [START_REF] Remsing | Frustrated Solvation Structures Can Enhance Electron Transfer Rates[END_REF] in a very different system. This is easily explained because in their work both the reduced and oxidized species where desolvated with respect to the bulk, while we observe the opposite behavior.

In conclusion, the aim of this work was to investigate the free energy properties of an electron transfer reaction in a nanoporous carbon electrode. We performed MD simulations of the Fe 3+ /Fe 2+ redox couple dissolved in EMIM-BF 4 RTIL in contact with CDC electrodes. The latter were maintained at a constant potential of 0 V during the simulations. The vertical energy gap between the redox species was used as the reaction coordinate, which enabled us to interpret the microscopic solvent fluctuation properties. The computed probability distribution of the vertical energy gaps and the equilibrium value of energy gaps do not follow the linear response approximation of standard Marcus theory. We demonstrated the strong influence of the nanoconfinement effect on the solvation shell of the iron cations, which is the main reason for this departure from Marcus theory. In particular, the Fe 3+ cation, which is tetracoordinated in the bulk, admits two stable solvation states in the nanoporous material: tetracoordinated and hexacoordinated. To account for this deviation we used the two-Gaussian solvation model , [START_REF] Vuilleumier | Extension of Marcus Picture for Electron Transfer Reactions with Large Solvation Changes[END_REF] from which the free energy curves for all the redox species in their various solvation states were extracted. This allowed us to qualitatively analyse the effect of the confinement on the electron transfer reaction. The fluctuations in the structure of the solvation shell of Fe 3+ were shown to have a negligible effect from a thermodynamic point of view. Rather, it was shown that the activation energy of the associated electron transfer process is much higher for the hexacoordinated form. It is therefore likely that the stabilization of this solvation state will result in a slow down of the electron transfer reaction kinetic. This work is a first step towards a deeper understanding of the influence of the confinement on the electron transfer in redox supercapacitor devices, [START_REF] Akinwolemiwa | Redox Electrolytes in Supercapacitors[END_REF] which will be extended in future years to promising systems such as biredox RTILs. [START_REF] Mourad | Biredox Ionic Liquids with Solid-like Redox Density in the Liquid State for High-energy Supercapacitors[END_REF] To this end, it will be necessary to simulate more complex redox probes and to account systematically for the various complexation states. Another important aspect will be to decouple the contribution of the electron transfer event from the workterm that controls the approach of the ion to the interface in nanoconfinement. [START_REF] Bai | Charge Transfer Kinetics at the Solid-solid Interface in Porous Electrodes[END_REF] The techniques develop in this work could also provide useful information for the development of ionic liquidsbased thermo-electrochemical cells. [START_REF] Abraham | Coefficients in Ionic Liquids -prospects for Thermo-electrochemical Cells[END_REF] 

Methods

We performed molecular dynamics (MD) simulations of the present systems using coarsegrained force fields. The non-bonded interactions are represented using Lennard-Jones and Coulomb potentials, and the corresponding parameters for carbon atoms and EMIM-BF 4 interaction sites we used herein are obtained from our previous work. [START_REF] Merlet | New Coarse-grained Models of Imidazolium Ionic Liquids for Bulk and Interfacial Molecular Simulations[END_REF][START_REF] Merlet | Simulating Supercapacitors: Can We Model Electrodes As Constant Charge Surfaces?[END_REF] The parameters for the chloride and the iron ions are respectively taken from references [START_REF] Dang | Mechanism and Thermodynamics of Ion Selectivity in Aqueous Solutions of 18-Crown-6 Ether: A Molecular Dynamics Study[END_REF] and [START_REF] Ando | Solvent Nuclear Quantum Effects in Electron Transfer Reactions. III. Metal Ions in Water. Solute Size and Ligand Effects[END_REF] (the chloride anions were added in order to maintain the electroneutrality of the simulation cell, however their effect on the vertical energy gap was not studied since we focus on infinite dilution conditions). The simulations were conducted in the NVT ensemble, with the temperature set at 400 K using a Nosé-Hoover thermostat (relaxation time: 10 ps). The simulation cell is orthorhombic, with x = y = 4.37 nm, z = 14.86 nm, which reproduces the density of the RTILs compared with experimental results. Periodic boundary conditions are employed along x and y directions only through the use of a 2D-Ewald summation. [START_REF] Reed | Electrochemical Interface Between an Ionic Liquid and a Model Metallic Electrode[END_REF] For all the simulations, the time step is 2 fs and the time scales of productions are over 500 ps after equilibration. The electrodes are maintained at a constant potential (0 V in our present study)

during the production runs. The vertical energy gap is sampled every 1 ps during the simulation.

Following our previous work, a constant has been added to the energies calculated in the simulation to represent the (gas-phase) ionisation potential of Fe 2+ and the work function of the metal; [START_REF] Pounds | Molecular Aspects of the Eu 3+ /Eu 2+ Redox Reaction at the Interface Between a Molten Salt and a Metallic Electrode[END_REF] in practice, the value (15.78 eV) was chosen to bring the calculated redox potential close to the typical experimental values for the Fe 3+ /Fe 2+ couple in RTILs. [START_REF] Yamato | Effects of the Interaction Between Ionic Liquids and Redox Couples on Their Reaction Entropies[END_REF] 
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 2 Figure 2: a) Probability distribution of the vertical energy gap in reduced and oxidized states, b) Average vertical energy gap for Fe 3+ /Fe 2+ in RTILs with various coupling parameters η.

Figure 3 :

 3 Figure 3: a) Distance between Fe 3+ and the six closest anions, b) Vertical energy gaps of the oxidized state Fe 3+ , c) and d) Snapshots of the two different solvation structures.

Figure 4 :

 4 Figure 4: a) Probability distribution of the vertical energy gap, as a function of the coupling parameter η. Points are the simulation data, and lines are the TGS model with the parameters from Table 1. b) Comparison between the simulated average vertical energy gap for Fe 3+ /Fe 2+ in RTILs with various coupling parameters η (points) and the TGS model (red line).

Figure 4

 4 Figure 4 compares the results obtained by simulations to the TGS model with the parameters given in Table 1. The left hand panel shows the probability distribution of the vertical energy gap, for the simulations realized with different values of the η parameter. The fitted TGS model agrees well with the whole set of distribution. The right hand panel reproduces the data of Figure 2 i.e. the vertical energy gap as a function of η. While those data could not be well reproduced by assuming linear response, the use of the TGS model allows an almost perfect fit to the data.

  

Table 1 :

 1 TGS model parameters for Fe 3+ /Fe 2+ obtained by fitting simultaneously on P η (∆E) and ∆E η .

	TGS parameters λ S 0	∆A S 0 λ S 1	∆A S 1 ∆ S A 0
	(eV)	1.11 0.24 1.11 -0.27 0.52
	a)		b)
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