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Introduction

Besides graphene and transition metal dichalcogenides (TMDs), other 2D nanosheet-based materials have attracted a lot of attention in the last years. [START_REF] Ganter | Vapor-Phase Amine Intercalation for the Rational Design of Photonic Nanosheet Sensors[END_REF][START_REF] Ziegler | Artificial Solids by Design: Assembly and Electron Microscopy Study of Nanosheet-Derived Heterostructures[END_REF][START_REF] Wang | Titanium Oxide Nanosheets: Graphene Analogues with Versatile Functionalities[END_REF][START_REF] Coronado | Coexistence of superconductivity and magnetism by chemical design[END_REF][START_REF] Khan | Two-Dimensional (2D) Nanomaterials towards Electrochemical Nanoarchitectonics in Energy-Related Applications[END_REF][START_REF] Tan | Recent Advances in Ultrathin Two-Dimensional Nanomaterials[END_REF] Among them one may quote oxide and hydroxide nanosheets, with applications in the field of energy (fuel cells, artificial photosynthesis, photovoltaic b …) c c ( - dielectrics, f c c f c …). [START_REF] Wang | Titanium Oxide Nanosheets: Graphene Analogues with Versatile Functionalities[END_REF][START_REF] Li | Coexistence of Magnetic Order and Ferroelectricity at 2D Nanosheet Interfaces[END_REF][START_REF] Ma | Nanosheets of Oxides and Hydroxides: Ultimate 2D Charge-Bearing Functional Crystallites[END_REF][START_REF] Uppuluri | Soft chemistry of ion-exchangeable layered metal oxides[END_REF] One important characteristic of these oxide and hydroxide nanosheets is that they are obtained from bulk layered 2D materials which can be functionalized by various kind of reactions, insertion, insertion grafting or post-synthesis modification reactions. [START_REF]P by : A b f -State Reactions[END_REF][START_REF] Sanjaya Ranmohotti | Topochemical Manipulation of Perovskites: Low-Temperature Reaction Strategies for Directing Structure and Properties[END_REF][START_REF] Gopalakrishnan | f f[END_REF] This field, very recently reviewed, [START_REF] Uppuluri | Soft chemistry of ion-exchangeable layered metal oxides[END_REF] has experienced a renewed interest in the past few years, thanks to the development of microwave-assisted reactions. [START_REF] Wang | Efficient Microwave-Assisted Functionalization of the Aurivillius-Phase Bi 2 SrTa 2 O 9[END_REF][START_REF] Akbarian-Tefaghi | Rapid Topochemical Modification of Layered Perovskites via Microwave Reactions[END_REF][START_REF] Boykin | Rapid Microwave-Assisted Grafting of Layered Perovskites with n-Alcohols[END_REF][START_REF] Akbarian-Tefaghi | Microwave-assisted routes for rapid and efficient modification of layered perovskites[END_REF][START_REF] Wang | Post-Synthesis Modification of the Aurivillius Phase Bi 2 SrTa 2 O 9 via In Situ Microwave-A " c c[END_REF] Yet, despite the interest of this approach and notably the considerable gain in reaction time, it appears that the possible differences in the obtained products using microwave-assisted reactions or more classical ones have not been really explored. This could be of utmost importance since it has been shown for instance for the functionalization of layered double hydroxides that interesting and complex mechanisms could arise below apparently simple reaction processes. [START_REF] Hy | L Insight into the Structure of Layered Zinc Hydroxide Salts Intercalated with Dodecyl Sulfate Anions[END_REF][START_REF] O' | H Ob f c L y α-Cobalt Hydroxides: A Synthetic and Kinetic Study[END_REF][START_REF]O'H f c -Stage Intermediates in Anion-Exchange Intercalation Reactions of the Layered Double Hydroxide [LiAl 2 (OH) 6 ]Cl•H 2 O As Observed by Time-Resolved, in Situ X-ray Diffraction[END_REF] Based on our experience on the microwave-assisted functionalization and post-synthesis modification of an Aurivillius phase of formula Bi 2 SrTa 2 O 9 (BST), we describe in this article one example of the strong influence of the reaction conditions on the obtained product of the functionalization of HST with a particular amine, phenylbutylamine (PBA) (scheme 1).

Scheme 1. Phenylbutylamine (PBA).

This amine is characterized by a flexible alkyl chain bearing the amino group, and a rigid moiety at the other side of the molecule. We investigate here the reaction between this amine and a protonated Aurivillius phase of formula H 2 Bi 0.1 Sr 0.85 Ta 2 O 7 (HST) as a function of the synthesis conditions: using short reactions times by means of microwave assisted reactions and longer reaction times using classical solvothermal reaction. The compounds are characterized using ancillary techniques (XRD, IR, 13 C CP/MAS solid state NMR spectroscopy). 1D electron density profiles extracted from XRD patterns allow to precise the organization of the molecules within the interlayer space. Finally, using a slightly different starting compound (HST prefunctionalized by ethyl amine), a compound with another molecular organization could be isolated as a pure phase. The possibility to realize a mutual conversion between these phases by post-synthesis solvent treatment was finally explored.

Experimental Section Syntheses

Microwave syntheses were performed with a microwave synthesis reactor Monowave 300 (Anton Paar) (non-acidic conditions) and with a microwave synthesis reactor MultiwaveGO (Anton Paar) for the synthesis of HST (acidic conditions). 1.4H 2 O (PBA1-HST): 100 mg (0.17 mmol) of HST were dispersed in a solution of 20 mmol of PBA (3 mL) in a mixture of 5 mL of THF and 1 mL of water. The mixture was placed in a 30 mL vial and heated by microwave irradiation at 130°C during 1.5 h (maximum incident power: 70 W). In these conditions, the mean incident power was about 10 W, and the autogenous pressure was about 6 bars. The obtained white powder was collected after three centrifugations (14000 rpm (18400 g), 5 min each) (the supernatant was replaced after each centrifugation by distilled water (twice) and ethanol (last) in order to wash the product) and air-dried. O (PBA3-HST): 100 mg (0.17 mmol) of HST were dispersed in a solution of 20 mmol of PBA (3 mL) in a mixture of 5 mL of THF and 1 mL of water. The mixture was placed in a sealed Teflon-lined autoclave (volume 50 mL) and was heated in oven at 130°C during 18 h. The obtained white powder was collected after three centrifugations (14000 rpm (18400 g), 5 min each) (the supernatant was replaced after each centrifugation by distilled water (twice) and ethanol (last) in order to wash the product) and air-dried. The results of elemental analyses and TGA and the proposed formulae are given in Table 1.

Caution: even though no problem was encountered in the course of this research, special care must be taken while working with sealed glass containers. Containers must be carefully checked for any defect, and replaced if necessary to avoid possible explosion. Amines and concentrated hydrochloric acid are corrosive and irritating.

Characterization procedures

Elemental analyses for C, H and N were carried out at the Service Commun d'Analyses of the University of Strasbourg. The SEM images were obtained with a JEOL 6700F microscope equipped with a field emission gun, operating at 3 kV in the SEI mode. FT-IR spectra were collected in ATR mode on a SpectrumII spectrometer (Perkin-Elmer). TGA-TDA experiments were performed using a TA instrument SDT Q600 (heating rates of 5°C•min -1 under air stream, using alumina crucibles). NMR spectra in solution were recorded using a Bruker AVANCE 300 (300 MHz) spectrometer. Solid state NMR 13 C (I = 1/2) experiments were performed with a 300 Bruker spectrometer at 75.47 MHz, using magic angle spinning (MAS) condition at 10 kHz and a 4 mm diameter size zirconia rotor. 13 C spectra obtained by proton enhanced cross-polarization method (CP) were referenced to the carbonyl of the glycine calibrated at 176.03 ppm. Recycling and Hartman-Hahn contact times were 5 s and 1250 µs, respectively. Spinal 64 1 H phase-decoupling was applied during 13 C channel acquisition.

X-ray diffraction analysis

The powder XRD patterns were collected in Bragg Brentano geometry with a Bruker D8 diffractometer (CuKα1 = 0.1540598 nm) equipped with a LynxEye detector discriminating in energy. For Le Bail refinement, z f 0.02° (2θ) c f 14 were used. The Le Bail method consisting in the full pattern decomposition of the XRD pattern of the powdered sample was used to determine the cell parameters assuming the I4/mmm space group, typical for BST and HST materials, [START_REF] Rae | Structure refinement of commensurately modulated bismuth strontium tantalate, Bi 2 SrTa 2 O 9[END_REF][START_REF] Tsunoda | Preparation and HREM Characterization of a Protonated Form of a Layered Perovskite Tantalate from an Aurivillius Phase Bi 2 SrTa 2 O 9 via Acid Treatment[END_REF] and to extract the intensities of diffraction peaks. The refinement was carried out using Fullprof suite program. [START_REF] Rodriguez-Carvajal | Recent developments of the program FULLPROF[END_REF] The pseudo-Voigt profile function of Thompson, Cox and Hastings was selected to analyze peak profiles. [START_REF] Thompson | Rietveld refinement of Debye-Scherrer synchrotron X-ray data from Al 2 O 3[END_REF] The instrumental contribution to peak broadening was estimated by measuring the standard corundum reference sample leading to the following Caglioti half-width parameters: U= 0.0111 V= -0.0041 and W = 0.0016. It should be noted that two phases of same composition but with different profile parameters had to be considered to reach a good fit and this is due to the presence of two different particle sizes as evidenced by SEM analysis (Fig. S3 shows a representative SEM image of the compounds obtained in this study). The one-dimensional electron density distributions along the c-stacking axis were calculated for PBA3-HST and PBA2-HST samples from the intensity of the 00l diffraction lines according to the following equation: where c is the unit cell parameter, z is the fractional coordinate along the c-stacking axis, and F 00l are the structures factors. [START_REF] Jacobson | Intercalation Chemistry[END_REF] Thirteen isolated 00l diffraction lines were used for calculating the 1D plots. The signs of the structure factors were obtained from the scattering contributions of the perovskite layers assuming a relatively small contribution of the intercalated molecules. For comparison, the 1D electron density profile along the z-direction for BST was simulated (Fig. S4); it was calculated from the crystal structure data taken from Crystallography Open Datatabase (entry 1521701). The difference Fourier map for PBA3-HST was calculated using GFourier program by employing the observed structure factors F obs extracted from the Le Bail whole powder diffraction pattern decomposition and plotted in the form of contour plots summed from 0 to 1 along the a-axis. The known part of the structure i.e. the perovskite layer was entered and the corresponding calculated structure factors were substracted from the F obs thus emphasizing the electron density in the interlayer space. A simple structural model was proposed for PBA3-HST obtained by treating the intercalated PBA anion as a quasi rigid body and comparing the resulting calculated Fourier map with the above experimental difference Fourier map. The molecular structure of phenylbutylamine was built using ChemBio 3D Utra 13.0 Suite program; energy minimization and geometric optimization were applied using the MM2 forced field implemented in the program. The nitrogen atom of the amine group was chosen to express the rigid body in orthonormal coordinates; it was positioned on x c = 0.0, y c = 0.0, z c = 0.10568 corresponding to 4e position in I4/mmm space group with a site occupancy of 1/4. This absolute position and the Euler angles theta = 65°, phi = 70°, chi = 175° describe the molecular body orientation. The profile parameters and unit cells used were those determined from Le Bail profile fitting.

Results and discussion

Synthesis and structural analysis

The syntheses of the three PBA-HST hybrids were performed using a large excess (ca. 100) of PBA with respect to HST or C 2 N-HST, in a THF/H 2 O mixture (5:1 v:v). The PBA1-HST and PBA2-HST phases were obtained by reaction between PBA and HST and C 2 N-HST respectively using microwave irradiation (130°C, 1.5 h) following the method established previously for aliphatic amines. [START_REF] Wang | Efficient Microwave-Assisted Functionalization of the Aurivillius-Phase Bi 2 SrTa 2 O 9[END_REF][START_REF] Akbarian-Tefaghi | Rapid Topochemical Modification of Layered Perovskites via Microwave Reactions[END_REF] The PBA3-HST phase was obtained using classical solvothermal heating in a Teflon-lined autoclave under autogenous pressure (130 °C, 18 h) (see Experimental).

Fig. 1 shows the powder XRD patterns (raw data) of HST, C 2 N-HST and the three reaction products. The layered structure is evidenced by the series of intense (00l) reflections at low angles. After reactions the interlayer distances increase from that of HST (0.98 nm) to 2.20 nm for PBA1-HST and to 3.00 nm for PBA3-HST. For PBA2-HST, the interlayer distance increases from that of C 2 N-HST (1.57 nm) to 2.67 nm. The (00l) reflection lines of the starting products are not visible in the diagrams of the reaction products. In contrast, the characteristic out-of-plane reflections assigned to (100) and (110) in the XRD pattern of HST, are observed at the same positions ( 22.68° (0.392 nm) and 32.59° (0.274 nm) respectively) for the three phases. Therefore, after the intercalation reactions, the structures of the inorganic perovskite-like slabs are retained. In Fig. 2 are reported the Le Bail whole-powderdiffraction-pattern profile fittings for PBA2-HST and PBA3-HST samples. As can be seen, satisfactory refinements were obtained by considering a tetragonal cell with the space group I4/mmm. On the other hand, in the case of PBA1-HST sample, we were not able to do similar refinement due to an anisotropic broadening of X-ray diffraction peaks, thus the interlayer distance was estimated from the position of the 00l diffraction lines. After reactions, the interlayer distances increase from that of HST (0.98 nm) to c.a. 2.20 nm for PBA1-HST and to 2.98 nm for PBA3-HST. For PBA2-HST, the interlayer distance increases from that of C 2 N-HST (1.57 nm) to 2.67 nm. By subtracting the perovskite layer thickness i.e. 0.765 nm from these interlayer distances, one can estimate the distance available for PBA molecule in the interlayer space: 2.215 nm for PBA3-HST, 1.905 nm for PBA2-HST and 1.420 nm for PBA1-HST. Comparing these values to the estimated length of the guest species c.a. 0.85 nm suggests a bilayer arrangement of PBA, probably interdigitated in the case of PBA1-HST, with the amino groups nearby the perovskite layers. The observed interlayer distances are in total agreement with a bilayer insertion of the phenylbutylamine, with different interdigitation rates and/or different angles between the molecule and the inorganic layer. The elemental analyses and thermogravimetric analyses show that there is no obvious difference in the insertion rates and in the water content between the three phases (Tab. 1 and Fig. S1). The three different phases present identical thermal behaviours (Fig. S1). The first mass losses (4%, 4% and 3% for PBA1-HST, PBA2-HST and PBA3-HST, respectively) occur before 125°C and are ascribed to the removal of water. The TGA curves show very obvious mass losses (11.1%, 12.6% and 10.3% for PBA1-HST, PBA2-HST and PBA3-HST, respectively) between 125 °C and 500 °C, associated to exothermic events. This second mass loss is thus attributed to the removal of PBA. The mass losses (ca. 3%) between 600°C and 700°C are ascribed to the loss of protons in the form of water for the final phase are presented in In order to precise the arrangements of the PBA molecules which lead to different basal spacings, one-dimensional (1D) electron density profiles along the c-staking direction were determined for PBA2-HST and PBA3-HST. Indeed, the large number of 00l diffraction lines, up to thirteen visible, allowed us to probe the structure of the interlayer space by the calculation of a one-dimensional electron density maps from the analysis of integrated intensities extracted from the above Le Bail profile decompositions and Fourier transformation. This approach has been applied successfully to the structural characterization of many intercalative nanohybrids. [START_REF] Choy | Intracrystalline Structure of Molecular Mercury Halide Intercalated in High-Tc Superconducting Lattice of Bi 2 Sr 2 CaCu 2 O[END_REF][START_REF] Choy | HRTEM and Micro-c c -c c Nanohybrid[END_REF][START_REF] Marangoni | Organic inorganic dye filler for polymer: Blue-coloured layered double hydroxides into polystyrene[END_REF][START_REF] Fujita | Intercalation characteristics of rhodamine 6G in fluor-taeniolite; orientation in the gallery[END_REF][START_REF] Itoh | Reversible Color Changes in Lamella Hybrids of Poly(diacetylenecarboxylates) Incorporated in Layered Double Hydroxide Nanosheets[END_REF][START_REF] Park | X-ray diffraction and X-ray absorption spectroscopic analyses for intercalative nanohybrids with low crystallinity[END_REF][START_REF] Liu | Synthesis, Structure, and Reactions of Poly(ethylene oxide)/V 2 O 5 Intercalative Nanocomposites[END_REF] As shown in Fig. 3a, peaks on the 1D plot for PBA3-HST match perfectly with a bilayer arrangement of PBA molecule, in particular the minimum in the center. The most intense peaks are due to the perovskite layers containing Sr, Ta and Bi elements (Fig. S4). The amino groups together with water molecules cause small maxima at the outer parts of the interlayer space at a distance of ~ 3.0 Å from the inorganic layers which is consistent with hydrogen bond interactions. The central minimum framed by two maxima supports the bilayer arrangement with the two phenyl rings positioned on either side of the center. For PBA2-HST (Fig. 3b), peaks of higher electron densities are observed in the interlayer space indicating more compactly arranged PBA molecules. The two maxima are nearer of the center which suggests closely spaced phenyl rings. Considering all the integrated intensities extracted from Le Bail fitting for PBA3-HST, we attempted to calculate the difference Fourier map after entering the known part of the structure i.e. the perovskite layer and assuming that the phases are controlled by the heavy atoms present in these layers. Such a difference map may help to highlight regions of low electron density associated with light atoms such as interlayer species. [START_REF] Monteiro | Investigation of Layered Double Hydroxides Intercalated by Oxomolybdenum Catecholate Complexes[END_REF]36] As can be seen in Figure 4b, the electron density in the interlayer space of PBA3-HST sample is quite low but nevertheless shows a distribution in different planes perpendicular to the c stacking direction and the z coordinates are consistent with the positions of the maxima noted on the 1D plot. A more or less important spreading of the density is observed for each of these planes indicating an orientation disorder of PBA molecule. This result is then compared to a calculated Fourier map (Fig 4d) considering a structural model based on PBA molecules arranged head to tail with the butylamine chain inclined of ~30° with respect to the normal of the perovskite layers, which is typical of the angle observed in the case of aliphatic amines. [START_REF] Wang | Efficient Microwave-Assisted Functionalization of the Aurivillius-Phase Bi 2 SrTa 2 O 9[END_REF]The nitrogen atom of the amine function chosen to express the rigid body was placed on the 4-fold axis (4mm) in vertical alignment with the position of Sr atoms with a site occupancy of 1/4 and at a distance of ~3.7 Å from the HST layer, consistently with the formation of moderate hydrogen bonds. Phenyl rings of adjacent molecules are separated by ~ 3.5 Å, in agreement with the observed interchain distance in the case of purely bilayer arrangement of aliphatic chains. [START_REF] Rösner | Interlayer reactions of the silver molybdate Ag 6 Mo 10 O 33[END_REF] The comparison between this calculated Fourier map derived from this structural model and the difference Fourier map discussed above derived from F obs shows strong similarities which somehow confirms the structural model proposed. Of course, water molecules must be added and are most certainly located near the HST layer forming hydrogen bonding therewith and with the surrounding amino groups. 

Spectroscopic investigation

IR spectra are very similar for the three phases (Fig. 5). The sharp N-H stretching bands around 3300 cm -1 for the free ligand are greatly reduced in the hybrid compounds and a new N-H stretching band appears at 2520 cm -1 , which indicates the protonation of the amine group. The signals of the aromatic group at 3062 and 3026 cm -1 and the signals of C-C bond and C-N bond between 1500 cm -1 and 1700 cm -1 are clearly observed. The antisymmetric and symmetric stretching vibration bands of CH 2 groups can also clearly be observed. The values of ν s (CH 2 ), ν as (CH 2 ) and δ(CH 2 ) for the three compounds are collected in Table 2. The antisymmetric stretching bond ν as (CH 2 ) decreases from 2929.6 cm -1 to 2925.5 cm -1 and further to 2920.5 cm -1 for PBA1-HST, PBA2-HST and PBA3-HST respectively. In the present case, as seen above, there is no clear difference in the packing densities of the methylene chains. Therefore, the only explanation for a variation in the position of ν as (CH 2 ) is the gauche/trans conformation ratio. [START_REF] Vaia | Interlayer Structure and Molecular Environment of Alkylammonium Layered Silicates[END_REF] It has indeed been shown that the lower ν as (CH 2 ) frequencies correspond to highly ordered all-trans conformations whereas higher frequencies indicate a larger amount of gauche conformations along the hydrocarbon chain, and an increase of chain disorder. [START_REF] Vaia | Interlayer Structure and Molecular Environment of Alkylammonium Layered Silicates[END_REF] Therefore, the above results indicate that the number of all-trans conformations increases and the number of gauche conformations (disorder) decreases along with the increase of the interlayer distance of PBA-intercalated products (i.e. in the order PBA1-HST, PBA2-HST, PBA3-HST), in line with the XRD study. The bending vibration δ(CH 2 ) hardly changes for PBA1-HST, PBA2-HST and PBA3-HST, neither in position nor in intensity. The high frequency of this band (ca. 1472 cm -1 ) indicates that PBA molecules in the three phases have at least partially ordered methylene chains. [START_REF] Vaia | Interlayer Structure and Molecular Environment of Alkylammonium Layered Silicates[END_REF] 13 C CP/MAS solid state NMR spectroscopy was also performed. The spectra display a high degree of similarity (Fig. 6). Signals attributed to carbon A and carbon B appear at 40 ppm and 29 ppm respectively for the three compounds whereas they appear at 42. ' G G' b c se of the fast averaging of the chemical shifts due to electron delocalization). This may come from slightly different arrangements of the molecules in the interlayer spacing. Despite the partial interdigitation evidenced for PBA3-HST by 1D electron density map, no effect of this interdigitation (likely due to π-stacking of the aromatic rings) could be observed on the 13 C CP/MAS solid state NMR spectra. It thus appears that the arrangement of the PBA molecules is strongly dependent of the synthesis conditions. Partial interdigitation of the phenylbutylamine is favoured for short reaction times, whereas when a longer reaction time (and longer heating time, the two parameters being difficult to decorrelate) is used, the obtained phase is better crystallized, with a complete bi-layer arrangement of the interlayer molecules, without any interdigitation. The choice of another precursor, C 2 N-HST instead of HST, and short reaction times leads to a somehow intermediate phase.
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Influence of reaction parameters: temperature, reaction time, and quantity of PBA used

To study the influence of the reaction temperature, a series of reactions were performed using microwave assisted reactions, using the same experimental procedure as for PBA1-HST, at 80°C, 130°C (PBA1-HST) or 160°C. Fig. 7 shows the XRD patterns of HST and the obtained reaction products. The XRD pattern of the compound obtained at 80°C is essentially identical to the one of HST (with a slightly larger interlayer distance (1.00 nm) and a decreased crystallinity), indicating that the intercalation reaction did not take place. At higher temperatures, the interlayer distance increases from that of HST (0.98 nm) to 2.20 nm (130°C, PBA1-HST) and up to 2.65 nm for the compound obtained at 160°C. Yet for this last compound, diffraction lines corresponding to the ones of HST (indicated by an asterisk) indicate the presence of the starting material in the final compound, likely due to a partial degradation of the obtained compound, as marked also by the decreased intensity of the 00l diffraction lines with respect to the characteristic reflections (100) at 22.68°, (110) at 32.59°, and (200) at 46.32° (Cu Kα1)). Despite this degradation, it appears that higher reaction temperatures favour intercalation and an increase of the interlayer distance. Yet even at 160°C, the interlayer distance of the obtained product does not reach the one of PBA3-HST (3.0 nm), underlining the crucial role played by the reaction time. Figure [START_REF] Li | Coexistence of Magnetic Order and Ferroelectricity at 2D Nanosheet Interfaces[END_REF]. XRD patterns of HST and its reaction products with PBA at 80°C, 130°C and 160°C. Indexation of the peaks of HST comes from reference [START_REF] Tsunoda | Preparation and HREM Characterization of a Protonated Form of a Layered Perovskite Tantalate from an Aurivillius Phase Bi 2 SrTa 2 O 9 via Acid Treatment[END_REF]. For the indexation of the peaks of the other compounds, see Figure 2.

The same reaction was then performed, at 130°C, but using different reaction times (0.5 h, 1.5 h (PBA1-HST), 3 h and 4.5 h). Fig. 8 shows the XRD patterns of HST and the obtained reaction products. The XRD pattern of the compound obtained after 0.5 h shows an increase of the interlayer distance (2.20 nm, identical to that of PBA1-HST) but indicates also the presence of another compound with an interlayer distance of 1.00 nm, likely corresponding to hydrated HST. For longer reaction times, the interlayer distances of the reaction products increase from 2.20 nm (PBA1-HST) to 2.72 nm. Yet, for reaction times longer than 1.5 h, the crystallinity decreases and/or multiphasic compounds are obtained. Longer reaction times thus favour a larger interlayer distances, revealing that PBA1-HST (d = 2.20 nm) is in fact a kinetic product. Yet the reaction mechanism from PBA1-HST to the thermodynamic compound PBA3-HST (d = 3.00 nm) is not straightforward. One hypothesis is that interstratification (second staging) phenomenon is at stake during the reaction process, [START_REF] Hy | L Insight into the Structure of Layered Zinc Hydroxide Salts Intercalated with Dodecyl Sulfate Anions[END_REF][START_REF] O' | H Ob f c L y α-Cobalt Hydroxides: A Synthetic and Kinetic Study[END_REF][START_REF]O'H f c -Stage Intermediates in Anion-Exchange Intercalation Reactions of the Layered Double Hydroxide [LiAl 2 (OH) 6 ]Cl•H 2 O As Observed by Time-Resolved, in Situ X-ray Diffraction[END_REF] yet such a phenomenon could not be evidenced clearly in the present work. Finally, it is worth mentioning that PBA1-HST is stable for months in the solid state, without any reduction of the crystallinity nor any change of the interlayer distance. Finally, the influence of the molar ratio between HST and PBA and (HST:PBA) has been investigated (1, 2, 5, 10, 50, 100, and 200). The microwave assisted (130 °C, 1.5 h) reactions were always performed in a THF/H 2 O mixture (5:1 v:v) as for the synthesis of PBA1-HST. XRD patterns show that the interlayer distances of reaction products are always around 2.2 nm except for very low quantities of PBA (HST:PBA = 1:1 and 1:2) for which new different phases were obtained (at 1.25 nm for the ratio 1:1, and at around 3 nm for the ratio 1:2, most probably corresponding to swelling) (Fig. 9). In conclusion, there is not an obvious effect of the molar ration between PBA and HST on the interlayer distance. We retrieve here the result described for microwave-assisted insertion of aliphatic amines which requires a large excess of amine (about 100). [START_REF] Wang | Efficient Microwave-Assisted Functionalization of the Aurivillius-Phase Bi 2 SrTa 2 O 9[END_REF][START_REF] Akbarian-Tefaghi | Rapid Topochemical Modification of Layered Perovskites via Microwave Reactions[END_REF] Our experience shows that the crystallinity of HST influence the crystallinity of the reaction products, but not the reactivity of HST nor the nature of the obtained products. [START_REF] Hyb F Y | f y de Strasbourg[END_REF])

The possibility of mutual conversion between the three obtained products (PBA1-HST, PBA2-HST and PBA3-HST) has been investigated by using solvent treatment. When PBA2-HST (50 mg) is stirred in acetone (15 mL) at room temperature overnight, the interlayer distance increases from 2.67 nm to 2.95 nm (compound a), very close to the one of PBA3-HST (Fig. 10). The reverse conversion is achieved by stirring compound a in water (15 mL) at room temperature overnight. The obtained product, compound b, presents an interlayer distance of 2.62 nm, very close to the one of PBA2-HST. Yet this reverse process is accompanied by a partial hydrolysis of the compound. It thus appears that the mutual conversion between PBA2-HST and PBA3-HST can be realized by simple solvent treatments. Such solvent treatment-induced modification of the interlayer spacing has already been reported in a layered Zn hydroxide functionalized by dodecylsulfate. [START_REF] Hy | L Insight into the Structure of Layered Zinc Hydroxide Salts Intercalated with Dodecyl Sulfate Anions[END_REF] In this case, methanol induces a decrease of the number of intercalated molecules, which is accompanied by a modification of the structure of the inorganic layers. In the present case, the solvent treatment acts directly and only on the interactions between interleaved molecules, as reported by Fujita and Awaga in the case of a layered Cu hydroxide functionalized by 8-((p-(phentlazo)phenyl)oxy)octanoate. [START_REF] Fujita | Reversible Structural Transformation and Drastic Magnetic Change in a Copper Hydroxides Intercalation Compound[END_REF] It is worth noticing that in this latter case just like in the present work, the molecules at stake are made of a flexible aliphatic chain and terminal aromatic group. This scheme might indeed favour a controllable interdigitation phenomenon.

Unfortunately, up to now we have not found the proper conditions to realize the mutual conversion between PBA1-HST and PBA2-HST or between PBA1-HST and PBA3-HST. 

Conclusion

We have described the synthesis of a layered Ta oxide perovskite functionalized by phenylbutylamine molecules. Depending on the reaction conditions, compounds with different interlayer spacings are obtained. Short reaction times, obtained using microwaveactivated reactions lead to compounds with a small interlayer spacing, whereas long reaction times, using classical solvothermal reactions provides compounds with a much larger interlayer spacing. Whereas no change in composition (organic loading) could be evidenced, careful analysis of the XRD patterns and calculation of the 1D electron density profiles allows to precise the degree of interdigitation of the molecules in the interlayer space, revealing an overlap of the aromatic cycles for short interlayer distances. Moreover, XRD analysis and IR spectroscopy show the higher disorder of the organic molecules in the interdigitated configuration. Using a different precursor, a phase possessing an intermediate interlayer distance could be isolated. Yet the reaction mechanism from the short interlayer distance phase (kinetic product) to the large interlayer distance phase (thermodynamic product) remains unknown. This work adds a new perspective to the ever-growing use of microwave irradiation for the synthesis of organic-inorganic layered hybrids. Indeed, microwave irradiation not only enables to synthesize much faster compounds that can be obtained classically, but also enables to obtain new pure kinetic phases, inaccessible by other means. Such an approach, reinforced by the careful design of the inserted molecules, may allow to tailor at will new hybrids layered compounds with precise applications.
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TGA and TDA curves, representative SEM image and calculated electron density profile for BST.

1

 1 Sr 0.85 Ta 2 O 7 1.6H 2 O (PBA2-HST): the same procedure as above was used, using 100 mg (0.15 mmol) of C 2 N-HST instead of HST. (C 6 H 5 (CH 2 ) 4 NH 3 ) 0.5 H 1.5 Bi 0.1 Sr 0.85 Ta 2 O 7 1.0H

Figure 1 .

 1 Figure 1. PXRD patterns of HST (black), C 2 N-HST (red), PBA1-HST (green), PBA2-HST (blue) and PBA3-HST(purple).

Figure 2 .

 2 Figure 2. Profile analysis of the XRD pattern of (a) PBA3-HST and (b) PBA2-HST: experimental X-ray diffraction (circles), calculated (line), Bragg reflections (ticks), and difference profiles. Refinement in a tetragonal cell with I4/mmm space group. Extended region 10-40/50° (2θ) showing all 00l diffraction lines. Reliability factors Rp/wp.

Figure 3 .

 3 Figure 3. One-dimensional electron density projected along the c-stacking axis for(a) PBA2-HST and (b)PBA3-HST

Figure 4 .

 4 Figure 4. Structural model for PBA3-HST deduced from: (a) one-dimensional electron density projected along the c-stacking axis and (b) Difference Fourier (contoured) map summed from 0 to 1 along the a-axis; the electron density scale(e-/Å) is given on the right. Both were calculated from the profile refinement of the XRD data; the phases and structure factors were computed from the known structure of the perovskite layers. (d) Theoretical Fourier map calculated from the structural model proposed(c) 

Figure 5 .

 5 Figure 5. Zoom of the infrared spectra of PBA1-HST (green), PBA2-HST (blue) and PBA3-HST (purple) in the 4000-800 cm -1 region.

1 ppm and 33 . 4

 334 ppm respectively products for PBA in solution in D 2 O. This up-field shifts of A and B carbon signals confirm the conversion of -NH 2 groups to -NH 3 + groups.[START_REF] Tahara | Intercalation of a,w-Diaminoalkanes in the Interlamellar Space of the Protonated Form of the Layered Perovskite H 1.8 Bi 0.2 Sr 0.8 Ta 2 O 7[END_REF][START_REF]f . z b w Z. zw w A. z y-ł c The 15 N and 13 y f c y b c ff' bases[END_REF][START_REF] Komori | Intercalation of alkylamines and water into kaolinite with methanol kaolinite as an intermediate[END_REF][START_REF] Wallau | Room-temperature synthesis of crystalline solids in the system ZnO-P 2 O 5 -R-H 2 O, with R being an alkylamine or an alkylammonium ion[END_REF] On the contrary, the position of the signals of the aliphatic carbons C and D and of the aromatic carbons E, it is worth noticing that all signals are slightly split (except the aromatic F,

Figure 6 .

 6 Figure 6. Solid-state 13 C CP/MAS NMR spectra of PBA1-HST (green, bottom), PBA2-HST (blue, middle) and PBA3-HST (purple, top) (asterisk indicate the presence of a small residual amount of ethanol).

1 Figure 9 .

 19 Figure 9. XRD pattern of HST and its reaction products at 130 °C with various HST:PBA ratios. (The relatively low crystallinity of the compounds obtained here is due to a low crystallinity of the HST batch used for this set of experiments.Our experience shows that the crystallinity of HST influence the crystallinity of the reaction products, but not the reactivity of HST nor the nature of the obtained products.[START_REF] Hyb F Y | f y de Strasbourg[END_REF])

Figure 10 .

 10 Figure 10. XRD patterns illustrating the mutual conversions between PBA2-HST and PBA3-HST. Product (a): PBA2-HST was stirred in acetone at room temperature overnight. Product (b): Product (a) was stirred in water at room temperature overnight.
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Bi 2 SrTa 2 O 9

  

(BST)

, H

2 Bi 0.1 Sr 0.85 Ta 2 O 7 (HST) and (CH 3 CH 2 NH 3 ) 0.8 H 1.2 Bi 0.1 Sr 0.85 Ta 2 O 7 3 H 2 O

  

	(C 2 N-
	HST) were synthesized according to published procedures.[13]
	(C 6

H 5 (CH 2 ) 4 NH 3 ) 0.5 H 1.5 Bi 0.1 Sr 0.85 Ta 2 O 7

  

  [START_REF] Ziegler | Artificial Solids by Design: Assembly and Electron Microscopy Study of Nanosheet-Derived Heterostructures[END_REF] 

Table 1 .

 1 Mass

losses ascribed to the removal of water and of organic phase, elemental micro-analyses (C, H, N) and consistent proposed formulae.

  . By analogy with what has been described on H 2 SrTa 2 O 7 ,[26,27] the obtained phase is a three-dimensional perovskite of formula Bi 0.1 Sr 0.85 Ta 2 O

	Compound	Formula	Mass losses	Mass losses	Mass losses	C content	H content	N content
			(water+organic	(organic)	(water)	Found	Found	Found
			)	found	Found	(calcd)	(calcd)	(calcd)
			found	(calcd)	(calcd)	(%)	(%)	(%)
			(calcd)	(%)	(%)			
			(%)					
	PBA1-HST	(C10NH16)0.5H1.5Bi0.1Sr0.85Ta2O71.4H2O	15.1 (14.9)	11.1 (11.1)	4.0 (3.8)	11.06 (9.0)	1.97 (1.8)	1.28 (1.0)
	PBA2-HST	(C10NH16)0.6H1.4Bi0.1Sr0.85Ta2O71.6H2O	16.6 (17.2)	12.6 (13.0)	4.0 (4.2)	13.55 (10.4)	2.24 (2.4)	1.52 (1.2)
	PBA3-HST	(C10NH16)0.5H1.5Bi0.1Sr0.85Ta2O71.0H2O	13.3 (13.9)	10.3 (11.2)	3.0 (2.7)	10.01 (9.0)	1.74 (1.7)	1.25 (1.0)

[START_REF] Tan | Recent Advances in Ultrathin Two-Dimensional Nanomaterials[END_REF] 

. Finally, the mass losses around 900 °C (1.6%, 1.2% and 1.0% for PBA1-HST, PBA2-HST and PBA3-HST, respectively), associated with an exothermic event, are proposed to be due to partial Bi removal and formation of the tungsten bronze phase -Bi 0.1 Sr 0.85 Ta 2 O 6 . XRD pattern of the intermediate and final phases, as well as phase matching

Table 2 .

 2 Position of the IR absorption bands of the CH

	Product	as (CH2) (cm -1 )	s (CH2) (cm -1 )	δ (CH2) (cm -1 )
	PBA1-HST	2929.6	2860.1	1471.8
	PBA2-HST	2925.5	2853.7	1471.8
	PBA3-HST	2920.5	2851.9	1471.1

2 groups in PBA1-HST, PBA2-HST and PBA3-HST.

  XRD pattern of HST and its reaction products with PBA at 130 °C 0.5 h,1.5 h, 3 h and 4.5 h reaction times. Asterisks indicate diffraction lines attributed to an impurity phase (see text).
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