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Combining 17 O Magic-Angle Spinning (MAS) NMR at natural abundance with DFT calculations is a promising methodology to shed light on the structure and disorder in tetrahedral sheets of designed micas with enhanced properties. Among brittle micas, synthetic mica is an important alternative to natural ones with a swelling sheet-like structure that results in many applications, by exploiting unique characteristics.

Lowenstein's rule is one of the main chemical factor that determines the atomic structure of aluminosilicates and furthermore their properties. In the present article, 17 O MAS NMR spectroscopy is used to validate (or not) the agreement of the Lowenstein's rule with the distribution of Si and Al sites in the tetrahedral sheets of synthetic micas. 17 O MAS spectra of synthetic high-charged micas exhibit two regions of signals that revealed two * *Phone: +34 954 48 9546.

Introduction

The preparation of synthetic clays, such as Na-n-Mica [START_REF] Gregorkiewitz | Characterization and properties of a new synthetic silicate with highly charged mica-type layers[END_REF][START_REF] Park | Pure Na-4-mica: Synthesis and characterization[END_REF], with 1) swelling capacity, 2) tuned high charge density and 3) charged with specific heteroatoms, has opened new possibilities in many areas of chemistry and material sciences due to their potential use as a catalyst support and novel adsorbent of hazardous and radioactive cations [START_REF] Komarneni | Environment: Superselective clay for radium uptake[END_REF]. For example, the chemical properties of the clays will be enhanced by a controlled incorporation of heteroatoms. In this context, it was demonstrated that aluminum substitution improves the chemical retention of toxic cations such as heavy metals and hydrocarbons [START_REF] Alba | Hydrothermal reactivity of Lusaturated smectites: Part I. A long-range order study[END_REF]{Alba, 2001 #2} [START_REF] Alba | Hydrothermal reactivity of Na-nmicas (n = 2, 3, 4)[END_REF].It also changes the Lewis/Brönsted acidity, modifying their catalytic properties [START_REF] Atkins | Atkins' Physical Chemistry[END_REF]. However, still today many of the structural aspects that can affect the properties of the silicates are unknown.

The Si-Al distribution in the tetrahedral sheet has been studied for decades and according to Lowensteins' rule, Al tet -O-Al tet linkages in clay mineral frameworks are forbidden. Indeed, quantum chemical studies have shown that a combination of Al tet -O-Al tet corner sharing tetrahedral linkage and Si-O-Si linkage require higher energy than two Si-O-Al tet linkages [START_REF] Hass | A non-empirical molecular orbital study on loewenstein's rule and zeolite composition[END_REF][START_REF] Navrotsky | The tetrahedral framework in glasses and meltsinferences from molecular orbital calculations and implications for structure, thermodynamics, and physical properties[END_REF], indicating the instability of Al tet -O-Al tet linkages [START_REF] Riebling | Structure of sodium aluminosilicate melts containing at least 50 mole % SiO2 at 1500°C[END_REF]. However, it has been observed that this Al tet -O-Al tet avoidance principle is not followed in several aluminosilicates, both in layered and framework silicates [START_REF] Stebbins | Al-O-Al oxygen sites in crystalline aluminates and aluminosilicate glasses: High-resolution oxygen-17 NMR results[END_REF][START_REF] Fletcher | Violations of Löwenstein's rule in zeolites[END_REF][START_REF] Klepov | Overstepping Löwenstein's Rule-A Route to Unique Aluminophosphate Frameworks with Three-Dimensional Salt-Inclusion and Ion-Exchange Properties[END_REF]. In mica-type materials, Alba et al. reported five different silicon environments in Na-4-Mica using 29 Si MAS NMR, which suggested either a violation of Lowenstein´s rule or a Al/Si ratio lower than 1 [START_REF] Alba | Hydrothermal reactivity of Na-nmicas (n = 2, 3, 4)[END_REF].

In order to remove this uncertainty, 17 O NMR could be an appropriate technique to provide a more direct evidence of a Lowenstein rule violation in Na-4-Mica. The growing interest of 17 O MAS NMR is due to the large chemical shift range for this nucleus (>1000 ppm) associated with the sensitivity of the quadrupolar coupling to the local geometry [START_REF] Gerothanassis | Oxygen-17 NMR spectroscopy: Basic principles and applications (Part I)[END_REF][START_REF] Gerothanassis | Oxygen-17 NMR spectroscopy: Basic principles and applications (part II)[END_REF]. Nevertheless, as a quadrupolar nucleus (I > 1/2), 17 O is subjected to large anisotropic broadening, even under magic-angle spinning (MAS) conditions. Moreover, due to its low natural abundance (0.037%), the acquisition of 17 O NMR spectra may become challenging and it usually requires 17 O enriched samples, high magnetic field and often long acquisition times. As a consequence, only few 17 O NMR data on layered silicates have been reported so far, even though the deduced structural information would be of high interest.

The first direct evidence of Al tet -O-Al tet sites were reported by Stebbins et al. [START_REF] Stebbins | Al-O-Al oxygen sites in crystalline aluminates and aluminosilicate glasses: High-resolution oxygen-17 NMR results[END_REF] in crystalline aluminates, showing a violation of the Lowenstein rule using 17 O MAS NMR. This work used 17 O isotopic enrichment of the samples, prior to the NMR investigations.

However, in addition to being expensive, 17 O isotopic enrichment might be challenging from the synthesis point of view as it would require, in our study, 17 O enriched SiO2 and Al(OH)3 as precursors, and further heating at high temperature (900 ºC). In a recent publication, Pavón et al. [START_REF] Pavón | Direct evidence of Lowenstein's rule violation in swelling high-charge micas[END_REF] showed that it was possible to obtain 17 O MAS NMR spectra of Na-4-Mica, at natural abundance, using high-field (18.8 T). They provided the first evidence of Lowenstein's rule violation in clay minerals by assigning the NMR signal observed between 20 and 30 ppm to apical oxygen sites Si/Al tet -O-3Mg and to Al tet -O-

Al tet .
Today, experimental NMR is often combined with density functional theory (DFT) calculations of parameters to obtain a deeper understanding of the relation between NMR data and the local structure and disorder. This is of great interest in the present context of natural abundance 17 O NMR spectra of low sensitivity. CASTEP, a planewave, pseudopotential DFT code, has been successfully applied to the calculation of the 17 O NMR parameters in crystalline and amorphous inorganic systems [START_REF] Pickard | All-electron magnetic response with pseudopotentials: NMR chemical shifts[END_REF][START_REF] Forler | New insights into oxygen environments generated during phosphate glass alteration: A combined 17O MAS and MQMAS NMR and first principles calculations study[END_REF][START_REF] Ashbrook | 17O and 29Si NMR parameters of MgSiO3 phases from high-resolution solidstate NMR spectroscopy and first-principles calculations[END_REF][START_REF] Ashbrook | Firstprinciples calculations of solid-state 17O and 29Si NMR spectra of Mg2SiO4 polymorphs[END_REF]. In the case of disorder or site substitutions, it is possible to propose models using larger unit cells in order to highlight the diversity of oxygen sites present in the structure [START_REF] Griffin | Solid-state 17O NMR spectroscopy of hydrous magnesium silicates: Evidence for proton dynamics[END_REF].

In this paper, we investigated the Si-Al distribution within the tetrahedral sheet of a new family of swelling high-charged micas by combining experimental 17 O NMR data and first-principle calculations of NMR parameters. The main objective was, for the first time, to identify and quantify the different oxygen sites, using NMR spectra collected in the challenging context of 17 O MAS NMR at natural abundance. The experimental strategy consisted in the use of three trioctahedral 2:1 phillosilicates with different tetrahedral substitution of Si by Al. One of those samples was a natural trioctahedral 2:1 phyllosilicate, saponite, in which the Lowenstein´s rule is obeyed and, it is therefore considered here as the reference. The two other samples are the swelling high-charged micas, Na-n-Mica (n=2 and 4), where n is the Al content on tetrahedral sheet based on the O20F4 unit cell, which are the target samples of the present study.

Experimental details

Sample description.

The selected aluminosilicates that are used in the present study, namely Saponite, Na-2-Mica and Na-4-Mica, belong to the trioctahedral 2:1 phyllosilicate family (Table 1).

They are all made of one sheet of octahedral coordinated cation (Mg +2 ) sandwiched between two sheets of tetrahedral cations (Si +4 /Al +3 ). Al is substituted to Si in the tetrahedral sheet, leading to a layer charge deficit. Among the three samples studied here, Saponite is the least charged silicate, followed by Na-2-Mica, and finally Na-4-Mica. This latter compound exhibits the highest layer charge with a nominal Si/Al ratio of 1.

Natural trioctahedral layered aluminosilicates, saponite, contain basal oxygens (Si-O-Si and Si-O-Al tet ), apical (Si-O-3Mg and Al tet -O-3Mg) and oxygens from the hydroxyl groups. Synthetic micas, Na-n-Mica (n=2 and 4), belong to the fluorophlogopite family, which means that instead of hydroxyl groups, the octahedral coordination of the Mg cation is balanced with fluorine ions. In Table 1 the relative ratios of the expected oxygen environments in the different samples are, as well, presented. For the saponite, it is deduced from its theoretical structure and for mica samples from the analysis of 29 Si MAS NMR spectra [START_REF] Alba | Hydrothermal reactivity of Na-nmicas (n = 2, 3, 4)[END_REF].

A procedure similar to that described by Alba et al. [START_REF] Alba | Hydrothermal reactivity of Na-nmicas (n = 2, 3, 4)[END_REF] was employed to synthesize Na-2-Mica and Na-4-Mica. Starting materials were SiO2 from Sigma (CAS no. 112945-52-5, 99.8% purity), Al(OH)3 from Riedel-de Haën (CAS no. 21645-51-2, 99% purity), MgF2 from Aldrich (CAS no. 20831-0, 98% purity), and NaCl from Panreac (CAS no. 131659, 99.5% purity). Stoichiometric amounts of the reagents were mixed and grounded vigorously before heating up to 900 °C in a Pt crucible for 15 h. After cooling, the solids were washed with deionized water and dried at room temperature. Saponite sample, supplied by the Source Clays Repository of the Clay Mineral Society, with particle diameters of less than 2 μm, was used after removal of carbonates and organic matter.

Their structural characteristics are displayed in Table 1.

In order to remove the contribution of the water signal from the 17 O NMR spectra, all the samples were dried at 300 ºC overnight and then, transferred to a sealed container in order to avoid rehydration. NMR rotors were carefully filled in an inflatable glove box to avoid contact with air humidity. 1 H MAS-NMR experiments and XRD patterns were systematically carried out to check the absence of water signal.

NMR experiments.

NMR spectra were acquired on a Bruker Avance III 18.8T spectrometer ( 17 O, 108.48 MHz) using a 4 mm HX Thalahassee probehead. 17 O excitation was achieved by applying a central-transition selective π/2 pulse of 9 μs. The spinning frequency was 10 kHz, and the recycle delay was set to 1s after optimization. A total of 149504, 89216, 56240 transients were added for Saponite, Na-2-Mica and Na-4-Mica, respectively. Pulse sequences, such as double-frequency sweep (DFS) designed for signal enhancement of quadrupolar nuclei, showing large CQ-dependency [START_REF] Grekov | 17O MAS NMR studies of oxo-based olefin metathesis catalysts: A critical assessment of signal enhancement methods[END_REF], were avoided to preserve quantitative information. 17 O chemical shift was given in ppm with respect to 17 O signal of water at 0 ppm.

Calculations methods.

First principles calculations with periodic boundary conditions were performed using the CASTEP Code [START_REF] Segall | First-principles simulation: Ideas, illustrations and the CASTEP code[END_REF][START_REF] Clark | First principles methods using CASTEP[END_REF], which relies on a plane-wave based density functional theory approach (DFT). Electron correlation effects were modeled using the PBE generalized gradient approximation (GGA) [START_REF] Perdew | Generalized gradient approximation made simple[END_REF]. Geometry optimizations were performed in several steps gradually increasing the precision to achieve an optimal cutoff energy of 700 eV. The default pseudopotentials [START_REF] Vanderbilt | Soft self-consistent pseudopotentials in a generalized eigenvalue formalism[END_REF] in CASTEP were used (Version 6.1 of Material Studio). Convergence thresholds were set to 5x10 -6 eV/Å for the total energy. The maximum ionic force and displacement were 1x10 -2 eV/ Å and 5x10 -4 Å, respectively. The Brillouin zone was sampled using a Monkhorst-Pack grid with a separation of 0.05 Å -1 giving 16 irreducible points. Dispersion corrections, important in systems with weak intermolecular interactions, were not considered because 1) no hydrogen bonds are found in Mica samples and 2) the high amount of Si/Al substitutions generates a strong electrostatic interaction, that become more important for the crystal cohesion than the dispersive forces.

The NMR calculations were performed after the geometry optimization using the Gauge Including Projector Augmented Wave approach (GIPAW) [START_REF] Yates | Calculation of NMR chemical shifts for extended systems using ultrasoft pseudopotentials[END_REF] and the same energy cutoff of 700 eV. Simulations of calculated spectra were achieved by SIMPSON program [START_REF] Bak | SIMPSON: A General Simulation Program for Solid-State NMR Spectroscopy[END_REF].

In order to reference the calculated chemical shifts and to compensate for the systematic errors predicted by DFT calculations, a family of silicates of known structure and known NMR parameters were used [START_REF] Ashbrook | Firstprinciples calculations of solid-state 17O and 29Si NMR spectra of Mg2SiO4 polymorphs[END_REF][START_REF] Ashbrook | Highresolution 17O MAS NMR spectroscopy of forsterite (α-Mg2SiO4), wadsleyite (β-Mg2SiO4), and ringwoodite (γ-Mg2SiO4)[END_REF] (Table S1). The corresponding plot is displayed in Fig. 1S, and the correlation function derived is obtained with the following equation: δiso ( 17 O) =-0.89•δcal ( 17 O) + 228 (in ppm).

Results and discussion

Figure 1 presents the 17 O MAS NMR spectra, recorded at natural abundance for the three samples. All possible oxygen environments overlap, making the assignment uncertain. However, the spectra for synthetic Mica samples can be separated into two regions of signals: a broad region, labelled A, between 50 and 30 ppm and a narrower contribution, region B, between 30 and 15 ppm. On the basis of previous studies [START_REF] Walter | Oxygen-17 cross-polarization nmr spectroscopy of inorganic solids[END_REF][START_REF] Lee | 17O and 27Al MAS and 3QMAS NMR study of synthetic and natural layer silicates[END_REF][START_REF] Lee | Multiple oxygen sites in synthetic phyllosilicates with expandable layers: 17O solid-state NMR study[END_REF] and on our recent communication [START_REF] Pavón | Direct evidence of Lowenstein's rule violation in swelling high-charge micas[END_REF], regions A and B can be assigned to specific 17 O environments. The group of overlapping resonances between 30 and 50 ppm are assigned to basal oxygen sites, Si-O-Si and Si-O-Al tet [START_REF] Lee | 17O and 27Al MAS and 3QMAS NMR study of synthetic and natural layer silicates[END_REF][START_REF] Lee | O atom sites in natural kaolinite and muscovite: 17O MAS and 3QMAS NMR study[END_REF]. Apical oxygens Si-O-3Mg, which link tetrahedral and octahedral sheets, are found at higher chemical shift values as stated in the literature [START_REF] Ashbrook | 17O and 29Si NMR parameters of MgSiO3 phases from high-resolution solidstate NMR spectroscopy and first-principles calculations[END_REF] and coincide with the signal at around 50 ppm.

The last oxygen environment, Al tet -O-3Mg, that is present in the structure, was previously reported considering the electronegativity only [START_REF] Pavón | Direct evidence of Lowenstein's rule violation in swelling high-charge micas[END_REF]. The Al tet -O-3Mg sites should feature smaller CQ and smaller isotropic chemical shift values than that of Si-O-3Mg environments. Therefore, the signal in region B in both the Na-4-Mica and the Na-2-Mica spectra can be empirically assigned to Al tet -O-3Mg sites (Fig. 1b andc). 27 Al MAS NMR in Na-4-Mica revealed the presence of aluminum in octahedral coordination (Fig. 3S). This environment (15% of total aluminum) might come from 1) aluminum hosted in the octahedral sheet and substituting Mg, or 2) from an impurity. If the first option is assumed, then Al tet -O-Al oct and Si-O-Al oct should be considered. Table 1 shows the percentage of those environments in this case (1.63 and 2.1 % of total, respectively) that are well below the detection limits and, hence, make those contributions impossible to be observed in the present challenging context. Note that the two regions observed in mica are shifted to higher frequency in saponite 17 O MAS NMR spectrum, probably due to the presence of OH -groups in the framework instead of F -ions in the mica structure.

Hydroxyl groups are usually associated with large quadrupole coupling constants of about 7 MHz [START_REF] Walter | Oxygen-17 cross-polarization nmr spectroscopy of inorganic solids[END_REF] that give rise to resonances, which are dominated by the second-order quadrupolar broadening [START_REF] Forler | New insights into oxygen environments generated during phosphate glass alteration: A combined 17O MAS and MQMAS NMR and first principles calculations study[END_REF]. Therefore, their detection is a challenge here in the context of 17 O NMR experiments at natural abundance. Thus, we do not expect to be able to detect the hydroxyl sites, which account for only 16.7 % of the 17 In order to clarify this latter point, DFT calculations were carried out. Two different models for Na-4-Mica were constructed, based on a natural talc structure (ICSD 100682) and modified as follows. First, the unit cell parameters a and b were changed to the values obtained experimentally by XRD [START_REF] Alba | Hydrothermal reactivity of Na-nmicas (n = 2, 3, 4)[END_REF]. The basal distance was then adjusted to 9.84 Å, i.e., the value found by XRD study in a dehydrated sample [START_REF] Pavón | Hydration properties of synthetic high-charge micas saturated with different cations: An experimental approach[END_REF]. In the talc structure, the tetrahedral layer consisted of Si atoms only, whereas in the Na-4-Mica the ratio Si/Al was equal to 1. For that reason, half of the Si atoms were replaced by Al atoms. To compensate for the layer charge, Na atoms were introduced in the hexagonal holes formed by the tetrahedral arrangement. Finally, in order to produce a fluorinate silicate, OH sites were exchanged by F ions. The resulting structure is a model for Na-4-Mica for which Si and Al are fully ordered within the tetrahedral sheet. Oxygen sites are found solely in Si-O-Al tet environments in the tetrahedral sheet, and both in Si-O-3Mg and Al tet -O-3Mg environments in the octahedral sheet. In this case, basal oxygens account for 75% of all the oxygen sites, whereas Si-O-3Mg and Al tet -O-3Mg account 12.5% respectively as the ratio Si/Al is equal to 1. This model will be referred to as Structure I in the following sections (Figure 2).

The second model is constructed to include Al tet -O-Al tet sites in the tetrahedral sheet, by replacing one Si cation by an Al cation within the tetrahedral sheet. This substitution leads to the presence of three different basal oxygen sites as depicted in Fig. 2a, b andc. This model will be called Structure II in the following sections.

Chemical shifts and quadrupolar parameters obtained by DFT GIPAW calculations for structures I and II are displayed in Table 2 and Table 3, respectively. They were used as starting values to simulate the experimental spectra (vide infra). For both structures, the calculated values can be separated into two groups: the first group corresponds to those Al tet -O-3Mg and Al tet -O-Al tet oxygen environments with low CQ (< 1.5 MHz) and low chemical shifts (<30 ppm); the second group includes the sites Si-O-3Mg, Si-O-Al tet and Si-O-Si, which experience CQ above 3 MHz and chemical shifts above 30 ppm.

For structure I, Si-O-Al tet and Si-O-3Mg calculated chemical shifts and quadrupolar parameters are in good agreement with those found in the literature [START_REF] Walter | Oxygen-17 cross-polarization nmr spectroscopy of inorganic solids[END_REF]. Chemical shifts are in the 30 to 50 ppm range and CQ values are found between 3 to 3.5 MHz (Table 2).

As far as we know, there are no studies reporting NMR parameters for Al tet -O-3Mg apical oxygens. The calculated chemical shift for this oxygen environment at around 23 ppm, and the low CQ value (0.88 MHz) are in line with the presence of a narrow resonance in region B for Na-4-Mica as well as for Na-2-Mica though at a lesser extent [START_REF] Pavón | Direct evidence of Lowenstein's rule violation in swelling high-charge micas[END_REF]. However, this environment cannot explain by itself the intensity of the resonance in region B, as the expected relative ratio in Na-4-Mica (12.5% or 9.5%, Table 1) is smaller than that observed experimentally (27%).

Structure II is characterized by a perturbation in the periodicity of the silicate network and consequently, an increase of the possible 17 O sites (Table 3). Each apical oxygen MHz) [START_REF] Stebbins | Al-O-Al oxygen sites in crystalline aluminates and aluminosilicate glasses: High-resolution oxygen-17 NMR results[END_REF]. Finally, Al tet -O-3Mg site are in the same chemical shift than that reported for Al tet -O-Al tet however their quadruplar coupling constant is smaller. Up to our knowledge, no Al tet -O-3Mg site has been reported before.

Figure 4 represents the simulated 17 O MAS NMR spectra for Na-2-Mica and Saponite, together with the experimental one. The best-fit simulation was obtained using the DFTcalculated NMR parameters of Structure II (Table 3), which includes Si-O-Si sites as expected in the structure of these two aluminosilicates. No Al tet -O-Al tet sites were considered for the modelling and relative ratios of the different oxygen sites were set at values close to those given in Table 1. The δiso, CQ and ηQ NMR parameters after fitting are summarized in Table 4. In Na-2-Mica the DFT calculated CQ and δiso values were only slightly modified within a reasonable range except for Si-O-Al tet and Si-O-Si chemical shift that was increased by about 6 ppm in the fitting. Fitting saponite spectrum generates the displacement of all the chemical shifts between 4 and 11ppm from the calculated DFT values and 6 ppm from the Na-2-Mica fitting values, probably due to the presence of OH -groups in the structure.

As expected if the Lowenstein's rule is respected, the experimental 17 A reasonable agreement is found between the experimental and calculated spectra using Structure I for region A for which two contributions, Si-O-Al tet and Si-O-3Mg are sufficient. One should note that Si-O-3Mg site largely overlap with the Si-O-Al tet sites, due to similar quadrupolar coupling constants that provoke a line broadening.

Consequently, low spectral resolution is observed. Below 30 ppm in region B, NMR parameters for Al tet -O-3Mg sites fit perfectly the experimental data. Remarkably, the narrow resonance is in line with a small CQ value (< 1 MHz), as deduced from the DFT calculations. However, as previously mentioned, the theoretical proportion of Al tet -O-3Mg sites is not sufficient by itself to explain the intensity of the resonance observed in the experimental spectrum.

Structure II was then proposed in order to add explanatory contributions from Si-O-Si and Al tet -O-Al tet sites, which would then suggest a violation of the Lowenstein's rule for the Na-4-Mica sample. Figure 5b shows the best-fit simulation of 17 O MAS NMR spectrum for Na-4-Mica using all possible oxygen environments. In region A, the NMR signal is due to the combination of the basal oxygens Si-O-Al tet and Si-O-Si, and the apical arising from Si-O-3Mg. In region B, the signal is now the result of two contributions, i.e., the apical Al tet -O-3Mg site and the basal oxygen Al tet -O-Al tet site, with relative proportions close to those expected.

Conclusion

In the present work, we demonstrated that in a synthetic swelling high charged mica, Na-4-Mica, the Lowenstein's rule is violated. Additionally, our findings reveal the viability of using 17 O MAS NMR at natural abundance on synthetic high-charged silicates. By combining the experimental work and DFT calculations, it is now possible to offer a complete description of the heteroatoms distribution within the mica sheets, distribution that depends on the total layer charge. In the Na-2-Mica (Si/Al < 1), the Si and Al atoms are randomly distributed obeying the Lowenstein's rule. However, in the Na-4-Mica (Si/Al =1), the most stable structure is produced with a completely freed Si/Al distribution, even with the formation of Al tet -O-Al tet bonds of unfavorable enthalpy cost.

Table 1

Table 1: Samples studied in this work, their structural theoretical formulae and the kind of substitution they exhibit. Relative proportion of oxygen sites for all the samples, deduced either from their theoretical structure (Saponite samples) or from the analysis of the 29 Si MAS NMR spectra (Mica samples). For the Mica systems, the amount of Al tet -O-Al tet linkages was determined using the 29 Si NMR spectra of Na-n-Mica [START_REF] Alba | Hydrothermal reactivity of Na-nmicas (n = 2, 3, 4)[END_REF] following the method described elsewhere [START_REF] Circone | Substitution of [6,4]Al in phlogopite: Mica characterization, unit-cell variation, 27 Al and 29 Si MAS-NMR spectroscopy, and Al-Si distribution in the tetrahedral sheet[END_REF]. In Na-4-Mica two different calculations for the proportion of apical oxygens is represented: a) no aluminum in the octahedral sheet is considered as ideally expected and b) the aluminum in octahedral coordination observed in the 27 Al MAS-NMR spectrum (15% of the total aluminum) [START_REF] Alba | Hydrothermal reactivity of Na-nmicas (n = 2, 3, 4)[END_REF] is considered to be in the octahedral sheet. 

  O NMR signal in saponite.Stebbins et al.[START_REF] Stebbins | Al-O-Al oxygen sites in crystalline aluminates and aluminosilicate glasses: High-resolution oxygen-17 NMR results[END_REF] detected Al tet -O-Al tet environments at an isotropic chemical shift of approximately 21 ppm, with a relatively large CQ value of 3.8 MHz, in a stilbite zeolite with a ratio Si/Al=3. It was at similar chemical shifts than Al-O-Al site connecting pairs of AlO4 in crystalline NaAlO2 and in an Al-rich aluminosilicate glass[START_REF] Stebbins | Al-O-Al oxygen sites in crystalline aluminates and aluminosilicate glasses: High-resolution oxygen-17 NMR results[END_REF]. Occurring for about 11.25 % in Na-4-Mica, the17 O NMR signal at 23 ppm (region B) could also be assigned to Al tet -O-Al tet sites.

(

  Al tet -O-3Mg and Si-O-3Mg) is now spread into four different sites, slightly differing by their geometrical environment. Their chemical shifts and CQ values are in the same range than that observed in Structure I.

Figure 3

 3 Figure3shows the correlation between CQ and δiso parameters for all oxygen sites

  O MAS NMR spectra of Na-2-Mica and saponite can be fully explained considering 4 different oxygen sites: Si-O-Si, Si-O-Al tet , Si-O-3Mg and Al tet -O-3Mg.
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  Figure5ashows the comparison of the experimental17 O MAS spectrum (solid black
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 1 Fig. 1. Natural abundance 17 O MAS NMR spectra recorded at 18.8 T for (a) Saponite, (b) Na-2-Mica and (c) Na-4-Mica. Regions A and B are related to NMR signals found above and below 30 ppm, respectively.
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 3 Fig.3. DFT-calculated17 O CQ and δiso of oxygen sites using Structure II. Top :17 O MAS NMR spectrum of Na-4-Mica giving a guideline for the chemical shift regions.
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			Basal Oxygens		Apical Oxygens		
	Silicate	Chemical formulae	Si	Si	Al tet	Si	Si	Al tet	Al tet	
			-O-	-O-	-O-	-O-	-O-	-O-	-O-	OH -
			Si	Al tet	Al tet	3Mg	2Mg1Al oct	3Mg	2Mg1Al oct	
	Saponite † (Na0.62K0.02Ca0.08)[Si7.2Al0. 8] [Mg5.8Fe0.14] O20 (OH)4	55.5	6.94	-	18.75	-	2.08	-	16.7
	Na-2-Mica ‡	Na2[Si6Al2]Mg6 O20F4	48.3	26	-	18.75	-	6.25	-	-
	Na-4-Mica ‡	Na4[Si4Al4]Mg6 O20F4	13.94	47.7 5	11.2 5	12.5 12.01	-2.1	12.5 9.25	-1.63	--
		2872								

a b

Table 2 Table 2 .

 22 17 O NMR parameters in Na-4-Mica as deduced from DFT calculations for the different oxygen sites in Structure I with the NMR parameters obtained from modelling the spectrum.

			DFT			Modelling
	17 O sites	σiso, ppm	σiso-ref, ppm	CQ, MHz	η	δ, ppm	CQ, MHz η	%
	Al tet -O-3Mg 230.92 23.5	0.88	0.50	27.3±0.2 1.80±0.03 0.5±0.2 13.2
	Si-O-3Mg	207.50 43.4	3.13	0.11	43±2	3.6±0.4	0.4±0.2 13.3
		216.50 35.3	3.38	0.19			
	Si-O-Al tet	217.86 34.1	3.43	0.49	42.0±0.3 3.0±0.1	0.6±0.05 73.5
		214.25 37.3	3.47	0.41			

Table 3 364 365 Table 3 .

 33653 17 O NMR parameters in Na-4-Mica as deduced from DFT calculations for the

	366	
	367	different oxygen sites present in Structure II with the NMR parameters obtained from
	368	modelling the spectrum.

Table 4 372 373 Table 4 .

 43734 17 O NMR parameters in Na-2-Mica and saponite after fitting the spectrum 374 using as starting values those obtained from DFT calculations in Structure II.
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			Na-2-Mica			Saponite	
	17 O site	δ, ppm	CQ MHz	η	%	δ, ppm	CQ MHz	η	%
	Al tet -O-3Mg	27.3±0.3 1.9±0.1	0.6±0.2	5.54	34.0±0.5	1.8±0.2	0.6±0.6	2.24
	Al tet -O-Al tet	-	-	-	-	-	-	-	-
	Si-O-Mg	44. ±2	3.9±0.5	0.5±0.2	19.52 48.0±0.3 3.00±0.09	0.2±0.1	21.74
	Si-O-Al tet	42±1	3.3±0.3 0.54±0.08	29.0	48±1	3.3±0.3	0.32±0.07	7.76
	Si-O-Si	54±1	6.1±0.2	0.3±0.1	45.94 52.1±0.3 5.09±0.06 0.27±0.07 68.27
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