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Introduction

Since the last decades, the search for new photocatalysts focuses increasingly on layered perovskites families. Among them, several compounds exhibit high photocatalytic activity and good chemical stability, for example: i) Ruddlesden popper phases such as A2-xLa2Ti3-xNbxO10 (A=K, Rb, Cs) [START_REF] Takata | Photocatalytic Decomposition of Water on Spontaneously Hydrated Layered Perovskites[END_REF], [START_REF] Shimodaira | Photophysical Properties and Photocatalytic Activities of Bismuth Molybdates under Visible Light Irradiation[END_REF], ii) Aurivillius phases such as Bi2MO6 (M=W or Mo) [START_REF] Kudo | H2 or O2 Evolution from Aqueous Solutions on Layered Oxide Photocatalysts Consisting of Bi 3+ with 6s 2 Configuration and D0 Transition Metal Ions[END_REF] or CaBi2O4, [START_REF] Tang | Efficient Photocatalytic Decomposition of Organic Contaminants over CaBi2O4 under Visible-Light Irradiation[END_REF] iii) Dion-Jacobsen phases such as RbNdTa2O7 [START_REF] Machida | Efficient photocatalytic decomposition of water with the novel layered tantalate RbNdTa2O7[END_REF] or RbPb2Nb3O10, [START_REF] Yoshimura | Visible light-induced photocatalytic behavior of a layered perovskite-type rubidium lead niobate, RbPb2Nb3O10[END_REF] iv) {111} layered perovskites phases with An+1BnX3n+3 general composition, especially A5B4O15 (A = Ba or Sr and B = Nb ou Ta) [START_REF] Miseki | Water Splitting into H2 and O2 over Ba5Nb4O15 Photocatalysts with Layered Perovskite Structure Prepared by Polymerizable Complex Method[END_REF], [START_REF] Marschall | Enhanced photocatalytic hydrogen generation from barium tantalate composites[END_REF] and v) {110} layered perovskites phases with general formula AnBnO3n+2 (A= Sr or Ln; B=Nb, Ti, Ta and n=4 or 5) [START_REF] Kim | Highly donor-doped (110) layered perovskite materials as novel photocatalysts for overall water splitting[END_REF], [START_REF] Kudo | Water Splitting into H2 and O2 on New Sr2M2O7 (M = Nb and Ta) Photocatalysts with Layered Perovskite Structures: Factors Affecting the Photocatalytic Activity[END_REF]. This last family presents good photocatalytic efficiency, and compounds like La2Ti2O7 [START_REF] Kim | Photocatalytic Water Splitting over La2Ti2O7 Synthesized by the Polymerizable Complex Method[END_REF], Sr2M2O7 (M=Nb or Ta) [START_REF] Kudo | Water Splitting into H2 and O2 on New Sr2M2O7 (M = Nb and Ta) Photocatalysts with Layered Perovskite Structures: Factors Affecting the Photocatalytic Activity[END_REF] and La4CaTi5O17 [START_REF] Xing | Inorganic Photocatalysts for Overall Water Splitting[END_REF] have been extensively studied. For example, for the water splitting reaction under UV irradiation, H. G. Kim et al. reports a high quantum yield as 23% for Sr2Nb2O7 oxide charged with nickel (0.1%) [START_REF] Kim | Highly donor-doped (110) layered perovskite materials as novel photocatalysts for overall water splitting[END_REF] and J. Kim et al. indicates a yield close to 50% when the La2Ti2O7 is doped with an alkaline-earth element such as Ba, Sr, and Ca. [START_REF] Kim | Highly Efficient Overall Water Splitting Through Optimization of Preparation and Operation Conditions of Layered Perovskite Photocatalysts[END_REF] Concerning the photodegradation of organics pollutants, La2Ti2O7 has been widely studied especially for the degradation of dyes under UV irradiation such as Methylene Blue, Methyl Orange, Reactive Brilliant Red -X3B, … [START_REF] Rahimi-Nasrabadi | Photocatalytically active La2Ti2O7 nanostructures, synthesis and characterization[END_REF]. The effects of crystallinity and crystallite size are important parameters that can be related to the photocatalytic efficiency and more particularly on the formation, the lifetime and the diffusion length of excitons created within the materials.

However, studies dealing with this topic are very scarce. Today, the work is oriented towards nano-composite systems based on La2Ti2O7 oxide that can work under visible irradiation. For this, several ways are envisaged: i) decrease band gap by nitriding [START_REF] Meng | Visible light photocatalytic activity of nitrogen-doped La2Ti2O7 nanosheets originating from band gap narrowing[END_REF] or hydriding [START_REF] Pussacq | Reduction of Ln2Ti2O7 Layered Perovskites: A Survey of the Anionic Lattice, Electronic Features, and Potentials[END_REF] ii) to associate it with compounds allowing to broaden the light absorption domain towards the visible light, as AgI/La2Ti2O7 [START_REF] Feng | Synthesis of AgI/2D-La2Ti2O7 hybrids as a visible light photocatalyst for degradation of rhodamine B[END_REF] or CdS/La2Ti2O7 [START_REF] Wang | Preparation and photocatalytic properties of CdS/La2Ti2O7 nanocomposites under visible light[END_REF], iii) use Surface Plasmon Resonance (SPR) to increase activity and allow photocatalysis in the visible range (e.g. Ag@AgCl/La2Ti2O7 [START_REF] Ao | Preparation of heterostructured Ag@AgCl/La2Ti2O7 plasmonic photocatalysts with high visible light photocatalytic performance for the degradation of organic pollutants[END_REF]) or iv) create n/p heterojunction, as SnS2/La2Ti2O7 [START_REF] Chen | New SnS2/La2Ti2O7 heterojunction photocatalyst with enhanced visible-light activity[END_REF], BiOI/La2Ti2O7 [START_REF] Ao | Fabrication of novel p-n heterojunction BiOI/La2Ti2O7 composite photocatalysts for enhanced photocatalytic performance under visible light irradiation[END_REF] or LaCrO3/La2Ti2O7 [START_REF] Nashim | n-La2Ti2O7/p-LaCrO3: a novel heterojunction based composite photocatalyst with enhanced photoactivity towards hydrogen production[END_REF] which makes it possible to avoid the recombination of excitons while associating a semiconductor absorber in the visible range.

La2Ti2O7 is a multifunctional oxide. In addition to the photocatalytic properties described previously, this one has piezoelectric/ferroelectric properties with high Curie temperature allowing its use in extreme environments [START_REF] Sayir | High Temperature Piezoelectric La2Ti2O7[END_REF], [START_REF] Saitzek | Microstructure and Nanoscale Piezoelectric/Ferroelectric Properties in Ln2Ti2O7 (Ln= Lanthanide) Thin Films with Layered Perovskite Structure[END_REF]. Lanthanum dititanate may also be used as a host matrix for the insertion of other lanthanides and thus create new phosphors, with conventional luminescence under UV excitation [START_REF] Bayart | Synthesis, structural and luminescence properties of (La1-xLnx)2Ti2O7 (Ln=lanthanides) solid solutions[END_REF], [START_REF] Shao | Structural Characterization and Photoluminescent Properties of (La1-xSmx)2Ti2O7 Solid Solutions Synthesized by a Sol-Gel Route[END_REF] or having up-conversion properties when La 3+ is weakly substituted by Er 3+ [START_REF] Bayart | Upconversion luminescence properties and thermal quenching mechanisms in the layered perovskite La1.9Er0.1Ti2O7 towards an application as optical temperature sensor[END_REF]. For all these applications, different synthesis methods of La2Ti2O7 have been reported such as solid-state reaction [START_REF] Fuierer | La2Ti2O7 Ceramics[END_REF], co-precipitation [START_REF] Suresh | Mixed Hydroxide Precursors for La2Ti2O7 and Nd2Ti2O7 by Homogeneous Precipitation[END_REF], sol-gel route [START_REF] Kim | Photocatalytic Water Splitting over La2Ti2O7 Synthesized by the Polymerizable Complex Method[END_REF], [START_REF] Cheng | Sol-gel synthesis and photoluminescence characterization of La2Ti2O7:Eu 3+ nanocrystals[END_REF], [START_REF] Shao | Structural and dielectric/ferroelectric properties of (La1-xNdx)2Ti2O7 synthesized by sol-gel route[END_REF], [START_REF] Wang | Sol-gel Synthesis of La2Ti2O7 Modified with PEG4000 for the Enhanced Photocatalytic Activity[END_REF], hydrothermal synthesis [START_REF] Li | Hydrothermal synthesis and photocatalytic properties of layered La2Ti2O7 nanosheets[END_REF], [START_REF] Song | Hydrothermal synthesis of flaky crystallized La2Ti2O7 for producing hydrogen from photocatalytic water splitting[END_REF], spray pyrolysis [START_REF] Todorovsky | Deposition and characterization of La2Ti2O7 thin films via spray pyrolysis process[END_REF].

Techniques such as sol-gel coupled with spin-coating [START_REF] Shao | Investigation of microstructure in ferroelectric lead-free La2Ti2O7 thin film grown on (001)-SrTiO3 substrate[END_REF], RF sputtering [START_REF] Lu | Reactive Sputtering Deposition of Perovskite Oxide and Oxynitride Lanthanum Titanium Films: Structural and Dielectric Characterization[END_REF], Molecular Beam Epitaxy [START_REF] Fompeyrine | Growth and characterization of ferroelectric LaTiO3.5 thin films[END_REF] and Pulsed Laser Deposition [START_REF] Ohtomo | Epitaxial growth and electronic structure of LaTiOx films[END_REF], [START_REF] Havelia | Growth of La2Ti2O7 and LaTiO3 thin films using pulsed laser deposition[END_REF], [START_REF] Bayart | Optical properties of Ln2Ti2O7 (with Ln = La to Lu) thin films grown on (110)-SrTiO3 substrates by pulsed laser deposition[END_REF] have also been used to obtain thin films.

In this work, La2Ti2O7 nanoparticles were synthesized by sol-gel route for photocatalytic degradation of Rhodamine B (RhB). The photocatalytic activity of this oxide was studied as a function of different parameters such as crystallites size, initial dye concentration, mass of La2Ti2O7 photocatalyst, temperature and pH value. We have measured the Rhodamine B decomposition kinetics for all conditions described above and this complete study for the same route of synthesis has never been reported so far. To complete, the photo-degradation of cationic (Rhodamine B) or anionic (methyl orange) dye has also been studied and discussed with zeta potential measurements. Finally, the improvement of photocatalytic efficiency via ultrasound coupling has been highlighted.

Experimental section

Nano-sized La2Ti2O7 oxide was synthesized by Sol-Gel route. Lanthanum (III) nitrate hexahydrated (Strem Chemicals, 99.99%) and titanium (IV) n-butoxide (98+%) were used as starting precursors. A first solution was prepared by dissolving the lanthanum precursor in glacial acetic acid (Sigma-Aldrich, 99.85%) with 1:5 mass ratio. Then a second solution was prepared by mixing the titanium precursor with absolute ethanol (Sigma-Aldrich ≥ 99.8%) to avoid hydrolysis (1:5 mass ratio). The two freshly prepared solutions were then mixed and stirred for 30 minutes. The translucent solution obtained is then placed in an oven at 80°C until a whitish gel is formed (∼3 hours). This gel is calcined at different temperatures (X=600 to 1200°C) during 10 hours in order to obtain La2Ti2O7 nanopowders called LTO-X.

X-Ray Diffraction (XRD) patterns were collected using a Rigaku ULTIMA IV diffractometer equipped with Cu anticathode (λKα = 1.5418 Å), Soller slits to limit the divergence of X-ray beam and a nickel foil filter attenuates the Cu Kβ line. The registered angular range is 10°-90° (scanning rate of 0.1°.min -1 ) using the Bragg-Brentano configuration.

Thermogravimetric analysis was recorded under air using TGA/DSC 3+ (Mettler-Toledo) with a heating rate of 10°C.min -1 between 30°C and 1050°C. TEM measurements will be conducted on a TEM FEI TITAN Themis 300 equipped with a probe corrector. Optical band gaps were calculated from the absorbance spectra recorded on UV-2600 spectrophotometer (Shimadzu). Specific surface area (determined by the BET method) and porosity (determined by BJH method from desorption isotherm) were performed using Tristar II (Micromeritics). Each specific surface area measurement was performed on three consecutive batches of the same sample. The SBET values uncertainty is estimated to be less than 5%.

Malvern Zetasizer Nano ZS at a controlled temperature (25±0.1°C) was used to perform Zeta potential measurements (ZP). The measurements are based on a Laser Doppler electrophoretic mobility of the catalyst via the Helmholtz-Smoluchowski equation ξ = (η/ε)μe, where μe is referred to the ratio between the velocity of the heterogeneous sample and the magnitude under the used electric field, η is the viscosity of the suspending liquid and ε represents the dielectric constant of H2O. The samples were analyzed with no prior treatment.

For each sample, 5 mg of powder were dispersed into 5 mL of deionized water. Before analysis, the mixture was kept during 30 min under ultrasound. All the materials were analyzed in triplicate applying the DTS Software from Malvern Instruments to acquire the phase plot and the zeta potential distribution.

Photocatalytic activity was evaluated by degradation of Rhodamine B. The photo-reactor consists of a 100 ml quartz flask in which 50 ml of solution to be degraded and a precise photocatalyst mass are placed. Assembly containing the suspension is then irradiated by 40 W UV lamp (254 nm) and an aluminum foil covers the system to prevent dispersion of UV radiation. Prior to any measurements, the suspension was stirred for 30 min in the dark to ensure adsorption/desorption on equilibrium. The evolution of dyes concentrations was followed by Secomam Prim Advanced Spectrophotometer using classical Beer-Lambert law.

Results and discussion

3.1 Structural Characterizations XRD patterns of LTO-X are shown in Figure 1.a. The study as a function of calcination temperature shows that a calcination temperature of 700°C is required in order to obtain a pure phase of La2Ti2O7. Below this temperature, a characteristic halo between 25° to 35° reflecting the presence of an amorphous phase is highlighted. All observed X-ray reflections can be indexed according to the standard pattern (ICSD#1950) and La2Ti2O7 exhibits a layered-perovskite structure with P21 space group. The Full Width at Half Maximum (FWHM) reflections evolves with temperature. These become narrow as the temperature increases, thus highlighting a coalescence of grains. In order to estimate the average crystallite size, we can use Scherrer's relation:
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Where λ is the X-ray wavelength (λKα1(Cu)=1.5406 nm), FWHMs corresponds to the broadening only induced by the size effect (this one represents the FWHM measured in which the instrumental part is deconvolved), K is a dimensionless shape factor (the shape factor has a typical value of about 0.89, but varies with the shape of the crystallite) and θ is Bragg's angle corresponding to (hkl) reflection. The average crystallite size values are listed in Table 1. This crystallization temperature has also been demonstrated by studying the loss of mass by ThermoGravimetric Analysis coupled with Differential Scanning Calorimetry (TGA/DSC) (Figure 1.b). Indeed, the weight loss occurs in multiple steps from ambient to 650°C which are a combination of phenomena including the evaporation of organic products remaining in the gel, dehydration and degradation of precursors [START_REF] Coltelli | A Model Study of Ti(OBu)4 Catalyzed Reactions during Reactive Blending of Polyethylene (PE) and Poly(ethylene terephthalate) (PET)[END_REF], [START_REF] Strydom | The thermal decomposition of lanthanum(III), praseodymium(III) and europium(III) nitrates[END_REF]. All these weight losses are consistent with the changes in heat flux measured in DSC and reach a residual mass of 15.2 %. From 650°C, no significant loss of mass is observed while there is the presence of an endothermic peak centered on 750°C, corresponding to the formation reaction of nano-sized La2Ti2O7 oxide. Furthermore, the return to the ambient was also analyzed and no exothermic peak was measured thus demonstrating the irreversible behavior of the oxide formation. Indeed, the mass loss occurs in two steps. A first quick step between the room temperature and 450°C (corresponding to the degradation of organic products contained in the gel) and a second slow step between 450°C and 750°C (corresponding to the formation reaction of nano-sized La2Ti2O7 oxide). On the other hand, the specific surface area (SBET), calculated from adsorption isotherm by BET method, drastically decreases with the temperature confirming the coalescence of the La2Ti2O7 grains. In addition, the decrease in specific surface area is a disabling parameter because for a heterogeneous reaction (liquid/solid), the active surface (which is directly related to the reaction rate) decreases. The average pore size determined by the BJH method [START_REF] Barrett | The Determination of Pore Volume and Area Distributions in Porous Substances. I. Computations from Nitrogen Isotherms[END_REF] shows an increase with the temperature, which is due to the coalescence of the grains. The total pore volume (determined from the amount of nitrogen adsorbed at a relative pressure (P/P0) of 0.95 in order not to take into account the inter-particles porosity) decreases with the temperature highlighting a decrease in the number of pores with the increase of La2Ti2O7 crystallinity degree. The particles size can also be determined from the specific surface according to the following relation [START_REF] Naito | Nanoparticle Technology Handbook[END_REF],
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Where ρLTO is La2Ti2O7 density (5.79 g.cm -3 [START_REF] Schmalle | The twin structure of La2Ti2O7: X-ray and transmission electron microscopy studies[END_REF]) and D particle size diameter. Nevertheless, this method is accurate if the particles are not agglomerated and if they have a spherical or cubic shape [START_REF] Walter | Primary Particles -Agglomerates -Aggregates[END_REF]. This is why, in order to verify the size determined by the Scherrer's method, a direct visualization by the TEM images is preferred. Nevertheless, we observe a more heterogeneous size distribution with grain sizes with a mean size around of 90 nm. In addition, after statistically probing several grains, no preferential crystallographic orientation was evidenced. Indeed, we note an increase of the size of crystallites as a function of the temperature which is in adequacy with the values determined by XRD. More generally, we observe a more pronounced surface amorphization for the sample synthesized at low temperature which indicates that a better crystallinity is obtained when the temperature increases.

The efficiency in photocatalytic activity is related to two main parameters i.e. i) the size of crystallites (if the size is smaller, the active surface is larger) and ii) the degree of crystallinity of the compound (which notably influences the formation of excitons and their lifetime). A photocatalyst will exhibit good efficiency if its degree of crystallinity is high and if its crystallite size is small. In the case of La2Ti2O7 synthesized by sol-gel, these two parameters increase with temperature. It clearly shows that there must be an optimal crystallite size for photocatalysis. This point will be discussed in more detail in the photocatalytic part.

UV-Visible diffuse reflectance spectra were recorded on powder samples. La2Ti2O7 is an ntype semiconductor with a direct allowed transition [START_REF] Bayart | Optical properties of Ln2Ti2O7 (with Ln = La to Lu) thin films grown on (110)-SrTiO3 substrates by pulsed laser deposition[END_REF]. The optical band gap (Eg) can be estimated by the Tauc plot based on following equation:

ℎ = (ℎ -) (3) 
Where α is the absorption coefficient, hν corresponds to photon energy, A is a proportionality constant, Eg is the optical band gap and the exponent n denotes the nature of the transition. For La2Ti2O7, the equation is solved with n=1/2 because the transition is direct. As illustrating in Figure 3, for LTO-900 and LTO-1100 compounds from the plots (αhν)² vs. hν, the optical band gap were deducted by extrapolating the linear region of the curve to the hν axis intercept. All values are listed in Table 1.

In general, the band gap must increase when the crystallite size decreases by a quantum confinement effect [START_REF] Singh | Size and shape effects on the band gap of semiconductor compound nanomaterials[END_REF], which is the case for LTO-900 to LTO-600. However, for higher calcination temperatures the band gap re-increases. This evolution can be explained by the presence of defects (due to the oxygen vacancies for example) [START_REF] Wang | Oxygen Vacancy Induced Band-Gap Narrowing and Enhanced Visible Light Photocatalytic Activity of ZnO[END_REF] within the La2Ti2O7 structure which disappear for a higher calcination temperature.

Photodegradation kinetics and photocatalytic activities

The common paradigm, used to describe the kinetic of photocatalyzed chemical mechanisms occurring at liquid-solid interface, is the Langmuir-Hinshelwood (LH) model [START_REF] Ohtani | Chapter 10 -Photocatalysis by inorganic solid materials: Revisiting its definition, concepts, and experimental procedures[END_REF]. The LH model is taking into account the phenomenon relative to the adsorption on the oxide surface and the kinetic reactions. If it is considered that the adsorptions of the reaction products as well as the intermediate products are negligible, the rate of photodegradation is proportional to the surface coverage (θ) of the catalytic sites by dye according to:
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Where v represents the photodegradation rate, kph is the kinetic constant of photodegradation, KLH is the adsorption constant which depends on the chemical affinity of the dye for the catalyst and C the concentration of the dye. At low adsorption or low concentration (KLHC<<1), the rate becomes directly proportional to the pollutant concentration and can be expressed according to the following relation:
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kapp is an apparent rate constant and the reaction will be of the first order. Therefore, the determination of the kapp can easily be done by plotting Ln(C0/C) vs. t where a line must be obtained. Indeed, Kapp will be given by the absolute value of the slope. On the contrary when KLHC >> 1, the reaction rate becomes directly equal to kph and the reaction will be of the zero order. In this case, the Kapp will be determined by the slope of the line obtained by plotting C0/C vs. t.

In order to study the influence of several parameters such as crystallites size, dye concentration, 

Effect of crystallites size:

The evolution of the apparent rate constant (kapp) for La2Ti2O7 calcined at different temperatures is shown in Figure 5.a. From these data, we find a better efficiency (i.e kapp =1.79x10 -2 min -1 ) for La2Ti2O7 synthesized at 1100°C. We observe an increase in the apparent rate constant between 900°C and 1100°C and a decrease when the synthesis temperature is 1200°C. This behavior can be explained by two antagonist phenomena.

The crystallites size plays a key role in the photocatalyst activity and the decrease in size leads to an exponential increase of the active surface. Thus, a decrease in the crystallites size must lead to an increase in the efficiency of photodegradation. However, this is not the only parameter that can influence the efficiency of the photocatalyst. Indeed, the degree of crystallinity compound may also play a key role and the high crystallinity is considered as fundamental for good efficiency [START_REF] Porter | The effect of calcination on the microstructural characteristics and photoreactivity of Degussa P-25 TiO2[END_REF], [START_REF] Jang | Effect of Particle Size and Phase Composition of Titanium Dioxide Nanoparticles on the Photocatalytic Properties[END_REF], [START_REF] Bellardita | Determination of the crystallinity of TiO2 photocatalysts[END_REF]. The presence of amorphous phase favors the recombination of excitons (which are bound electron-hole states generated by a photoexcitation) at defects located on the surface/bulk of the particles [START_REF] Ohtani | Photocatalytic Activity of Amorphous-Anatase Mixture of Titanium(IV) Oxide Particles Suspended in Aqueous Solutions[END_REF]. In this case, the degree of crystallinity increases with the synthesis temperature, which results in an increase in the apparent rate constant. Then, the size effect takes the advantage leading to a decrease in the photocatalytic efficiency. The detrimental effect of the presence of an amorphous phase is also confirmed by the TEM images where this is clearly demonstrated for the LTO-800 compound. The LTO-1100 gives the best efficiency (kapp=1.76x10 -2 min -1 ). In order to compare the photocatalytic efficiency of LTO-1100 against the commonly used TiO2 P25 Degussa®. We carried out a photodegradation test of Rhodamine B with the same mass of photocatalyst TiO2 and especially under the same operating conditions of the photo-reactor. The apparent rate constant was calculated at 4.9x10 -2 min -1 . The rate obtained with LTO-1100 is 2-3 times less than for the TiO2 reference. Nevertheless, the size of crystallites being important for La2Ti2O7 may be an advantage in terms of recyclability.

Influence of dye concentration:

The evolution of the apparent rate constant for La2Ti2O7 for different dye concentration is shown in figure 5.b. We can observe a gradual decrease of this constant up to a limit value. Considering the Langmuir-Hinshelwood model and neglecting, as a first approximation, the adsorption of products and reaction intermediates, the rate of degradation is proportional to the recovery rate of the active sites. For high concentrations (saturated active sites), the reaction rate becomes independent of the concentration. As described above, the KLHC is no longer negligible (>> 1) and the reaction goes from an order 1 to an order 0 where kapp = Kph. This one is equal to a constant independent of the dye concentration.

Influence of the photocatalyst mass: The evolution of the apparent rate constant for several catalyst masses is presented in figure 5.c. We can note at first a gradual increase then a drastic decrease. This behavior has already been observed in the literature for TiO2 oxide [START_REF] Bangun | The photodegradation kinetics of aqueous sodium oxalate solution using TiO2 catalyst[END_REF], [START_REF] İnel | Photocatalytic degradation of malonic acid in aqueous suspensions of titanium dioxide: an initial kinetic investigation of CO2 photogeneration[END_REF]. An optimal mass of 100 mg is highlighted corresponding to the optimum catalyst loading of 0.5 g.L - 1 . Generally, the reaction rate is directly proportional to the catalyst mass. Indeed, more mass implies a larger active surface. It was observed in the first part of the curve. However, for larger masses, there may be an increase in the turbidity of the solution and an agglomeration of LTO grains [START_REF] Bangun | The photodegradation kinetics of aqueous sodium oxalate solution using TiO2 catalyst[END_REF], [START_REF] Wang | Photocatalytic reduction of pollutant Hg(II) on doped WO3 dispersion[END_REF]. Indeed, a screening phenomenon may occur which decreases the irradiated catalyst surface and consequently also causes a decrease in this apparent rate constant. We set this mass value for the remainder of the study. Nevertheless, the optimal mass can vary for the same photocatalyst/dye couple according to its degree of crystallinity (active surface) or the photoreactor design (irradiated zone), as indicated by the different optimal masses of TiO2 catalyst observed in the literature [START_REF] Bangun | The photodegradation kinetics of aqueous sodium oxalate solution using TiO2 catalyst[END_REF], [START_REF] İnel | Photocatalytic degradation of malonic acid in aqueous suspensions of titanium dioxide: an initial kinetic investigation of CO2 photogeneration[END_REF], [START_REF] Carbajo | Analysis of photoefficiency in TiO2 aqueous suspensions: Effect of titania hydrodynamic particle size and catalyst loading on their optical properties[END_REF].

Effect of temperature: For the evolution of the apparent rate constant as a function of temperature (Figure 5.d), we observe the presence of an optimum temperature about 40°C. From room temperature to 40 ° C, the rate constant increases. While from 40°C to 80°C, this rate constant decreases. Temperature has no influence on photonic activation. Nevertheless, it can play a role on the equilibrium constant related to the adsorption / desorption (KLH) and on the kinetic rate constant (Kph). These constants vary according to the temperature with Arrhenius type laws:
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Where ∆Hads is the adsorption heat and E is the activation energy, K0 and k0 are pre-exponential constants for the adsorption and kinetic rate constants, respectively. So, for a weak recovery, Eapp=E-∆Hads.

For low temperatures (first part of the curve), the rate constant decreases because it is certainly limited by the desorption of the final product (dependent on the adsorption heat of the final product) [START_REF] Herrmann | Heterogeneous photocatalysis: fundamentals and applications to the removal of various types of aqueous pollutants[END_REF], [START_REF] Gogate | A review of imperative technologies for wastewater treatment I: oxidation technologies at ambient conditions[END_REF]. The apparent activation energy can be calculated at 20 ± 1 kJ.mol -1 . On the other hand, for temperatures that tend towards the boiling point of the water, the substrate adsorption becomes unfavorable and limits the rate of the reaction [START_REF] Herrmann | Heterogeneous photocatalysis: fundamentals and applications to the removal of various types of aqueous pollutants[END_REF]. The apparent activation energy then becomes negative. The antagonistic behavior between the adsorption and the desorption thus makes it possible to explain the observed optimum for the apparent rate constant at 40°C.

Influence of luminous flux: Generally, the photocatalytic degradation is proportional to the luminous flux when it is low. The kinetics of the reaction take the following form v = kappI n with n = 1 [START_REF] Herrmann | Heterogeneous photocatalysis: fundamentals and applications to the removal of various types of aqueous pollutants[END_REF]. However, when the received light intensity increases, this factor n goes to ½ then 0 (saturation) [START_REF] Ollis | Photocatalyzed destruction of water contaminants[END_REF]. At this latter value, the reaction rate becomes constant regardless of the luminous flux received. This phenomenon is due to an increase in the recombination rate of the electron-hole pairs which disadvantages the degradation reaction at the surface of the catalyst. In our case, we made two measurements under an excitation of 6 W (150 lux measured on the reactor surface) and 40 W (450 lux) with LTO-1000 sample. The apparent first-order rate constants are respectively 1.63x10 -2 and 1.79x10 -2 min -1 . An increase of ∼9% is well observed

showing that the saturation is not reached yet.

Effect of pH values: Figure 6 shows the evolution of zeta potential (ζ) measured on the LTO-1000 sample dispersed in aqueous solution considering pH ranging from 3 to 12. We can observe that the Point of Zero Charge (PZC) is reached at pH = 8. Below this value, the surface is positively charged which promotes the adsorption of the anions by electrostatic attraction. While for a pH > 8 value, the surface is rather negatively charged, this time favoring the adsorption of cations. At the PZC point, the surface has a surface charge density of zero and the aggregation of particles is favored (thereby disadvantaging the photo-catalytic reaction). Consequently, the pH of the solution cannot be fixed at this PZC value in order to observe a consequent photo-catalytic activity. Thus, for a pH < 8, anionic dye adsorption is favored and the rate of photodegradation should be greater at acidic pH. On the contrary, for a pH > 8, it is the adsorption of cationic dye that will be favored and the photodegradation rate should be higher at basic pH. We will check this point in the next paragraph. In addition, the PZC value obtained for La2Ti2O7 oxide is greater than that observed on TiO2 P25 Degussa® (∼6.3) [START_REF] Ryu | Substrate-Specific Photocatalytic Activities of TiO2 and Multiactivity Test for Water Treatment Application[END_REF], [START_REF] Preočanin | Point of Zero Charge and Surface Charge Density of TiO2 in Aqueous Electrolyte Solution as Obtained by Potentiometric Mass Titration[END_REF].

The temperature influence on the zeta potential has been studied at pH = 5.6 (figure 6.b). We can observe a decrease of this zeta potential with the increase of the temperature. The ζ potential is determined from electrophoretic mobility (µE) according to Henry's equation [START_REF] Ohshima | Zeta Potential[END_REF], [START_REF] Kaszuba | High-concentration zeta potential measurements using light-scattering techniques[END_REF]:

μ 6 = 789 (:,) ;< (7) 
Where ε is the dielectric constant of particles, η is the viscosity of the solvent (water in our case) and F(ka) is the Henry function. In this function, k is the Debye length describing the electrical double layer thickness and represents the radius of the particle. In our case and for electrophoretic measurements of zeta potential in aqueous media and moderate electrolyte concentration, F(ka) is fixed at 1.5 (referred to the Smoluchowski approximation [START_REF] Kaszuba | High-concentration zeta potential measurements using light-scattering techniques[END_REF]). From this equation ( 7), the zeta potential is directly proportional to the μEη factor (ε is quasi-constant for a small temperature variation between 20°C and 70°C [START_REF] Zhang | Dielectric relaxations in multiferroic La2Ti2O7 ceramics[END_REF]). The viscosity of the water is adjusted to the measurement temperature; this implies a decrease in the electrophoretic mobility with the temperature. Nevertheless, this small evolution of zeta potential, does not allow us to conclude to a better stability of the suspension at 40°C. Therefore, the most likely cause for explaining the maximum of kapp at 40°C is adsorption/desorption mechanisms on the surface of the photocatalyst, as previously described.

Nature of Dye: As indicated above, the nature of the pollutant to be degraded influences the efficiency of the photocatalyst. Its ability to be adsorbed on the active surface is an important parameter [START_REF] Konstantinou | TiO2-assisted photocatalytic degradation of azo dyes in aqueous solution: kinetic and mechanistic investigations: A review[END_REF]. Rhodamine B is a cationic dye. Therefore, from the zeta potential study, the photocatalytic effect needs to be improved if the pH of the solution is basic (pH > 8). We therefore carried out experiments at different pH values and in the presence or absence of the photocatalyst but under UV excitation (Figure 7.a). We can note that at acid pH (pH = 2) the presence of the photocatalyst does not influence on the degradation of the dye under UV. On the other hand, at pH = 12, the presence of the photocatalyst makes it possible to significantly increase the apparent rate constant. This is multiplied by a factor of three from 9.50x10 -3 to 2.15x10 -2 min -1 (without or with photocatalyst, respectively). This trend confirms that pollutants with a positive surface charge will have a better adsorption capacity above the PZC, i.e. pH = 8.

In the presence of the photocatalyst, we can notice that the smallest rate constant is obtained at PZC (kapp=1.05x10 -2 min -1 ).

The opposite effect was also verified using an anionic dye (methyl orange). The kinetics was also monitored by a spectrophotometer following the maximum of absorbance at λ= 508 nm for acidic form (pH < 3.2) and λ= 465 nm for basic form (pH > 4.4). The results are shown in Figure 7.b. We observe that the apparent rate constant shows an improvement for an acidic pH (pH=2) evolving from 2.90x10 -3 to 1.34x10 -2 min -1 (without or with photocatalyst, respectively). At basic pH (i.e. pH = 10 or 12) and under UV excitation, the methyl orange is quickly photodegraded without catalyst. The presence of the photocatalyst induces a very slight decrease of the apparent rate constant (more visible to pH=10) compared to that observed without a photocatalyst (figure 7.b). This inhibitory effect observed in the alkaline range could be explained by the hydroxyl radical scavenging which do not have time to react with the dye [START_REF] Konstantinou | TiO2-assisted photocatalytic degradation of azo dyes in aqueous solution: kinetic and mechanistic investigations: A review[END_REF], by the intermediate inorganic products due to mineralization of the dye (such as SO4 2-et NO3 -) which can also have an inhibiting effect in the presence of the photocatalyst [69] or also a lower UV power density recovered by the solution due to the turbidity / clouding caused by the catalyst loading. However, the difference remains very small and indicates an ineffectiveness of the catalyst in the alkaline range. As observed for the cationic dye, we can notice that the smallest rate constant is obtained at PZC (i.e. kapp=1.80x10 -3 min -1 ).

Enhancement of the kinetic by sonophotocatalysis

The sonophotocatalysis consists to use a photocatalyst on which we will couple two energy contributions: UV irradiation and ultrasonic waves. This combination can induce a synergistic effect that generally improves the efficiency of photodegradation of pollutants [START_REF] Joseph | Sonophotocatalysis in advanced oxidation process: A short review[END_REF]. Indeed, under the effect of ultrasound in the range 20 -1000 kHz, acoustic cavitation can be created within the aqueous solution in particular in the presence of photocatalyst particles which contributes to promote the formation of cavitation bubbles (nanoparticles can constitute nuclei for the formation of these bubbles). The energy produced, especially in cavitation bubbles when it collapses, can be very important inducing a high local rise in temperature and pressure [START_REF] Adewuyi | Sonochemistry: Environmental Science and Engineering Applications[END_REF]. In this case, free radicals are produced by decomposition of the water molecules. This energy supply makes it possible to generate free radicals which is added to the free radicals generated by the UV excitation process. This combination therefore induces an increase in the photocatalytic activity. Nevertheless, under the effect of ultrasound, the formation of free radicals is not the only advantage of ultrasonic waves. Under this ultrasonic excitation, the particles can deagglomerate thereby increasing the available active area and the mass transfer of the molecules to be degraded present in the liquid to the catalyst surface can also be improved [START_REF] Panda | Recent advancements in the sonophotocatalysis (SPC) and dopedsonophotocatalysis (DSPC) for the treatment of recalcitrant hazardous organic water pollutants[END_REF]. For further, the La2Ti2O7 oxide is a ferroelectric material with a spontaneous dipole moment and the ferroelectric polarization promotes naturally the bulk and surface charge separation without applied external stress [73]. However, in the case of stress induced by ultrasonic excitation [74],

the piezoelectric properties of the oxide can also be used to produce an additional polarization and improve photocatalytic efficiency by a piezo-photocatalytic coupling effect [75], [76].

The synergy between effects due to SonoPhotoCatalysis (SPC), PhotoCatalysis (PC) and SonoCatalysis (SC) has been described by E. Selli [START_REF] Selli | Synergistic effects of sonolysis combined with photocatalysis in the degradation of an azo dye[END_REF]. This one can be calculated from the apparent rate constants of each effect according to the following relationship: % >?@.AB? = 

In order to study the influence of this coupling and to determine the percentage of synergy, we have renewed the photocatalysis experiment by placing the reactor in an ultrasonic bath (37 kHz). Ln(C0/C) vs. t plot is presented in Figure 8.a. Linear regression allows to determine the kapp SPC . This one is 2.74x10 -2 min -1 . We can note a noticeable improvement of the kapp compared to the effect of photocatalysis alone (kapp PC = 1.64x10 -2 min -1 ). Similarly, the apparent rate constant of the effect induced by sonocatalysis alone (kapp SC =4.59x10 -3 min -1 ) was measured by suppressing UV irriadition (Figure 8.b). From the values given above, the percentage of synergy has been calculated and is ∼23 % in the case of degradation of Rhodamine B by LTO-1000. In conclusion, we confirm that the sonophotocatalysis is elegant way to improve the catalytic efficiency of La2Ti2O7 with a good synergistic effect.

Conclusion

La2Ti2O7 nanoparticles were successfully synthesized by Sol-Gel route. These nanoparticles were then characterized by XRD, TGA/DSC, BET and TEM. We found that a minimal calcination temperature of 800°C is required to obtain the good La2Ti2O7 phase. Moreover, the Scherrer's formula was used to determine the average crystallite size, and we noticed its increase with the calcination temperature. In addition, BET measurements showed that the surface area of nanoparticles decreases with the calcination temperature. TEM images performed on LTO-800 and LTO-1100 samples showed that grains from LTO-800 contain some amorphous areas. These amorphous zone are absent in LTO-1100 samples. Depending on these parameters and on the criteria concerning the photocatalysis, we found that the LTO-1100 represents the best sample for this application. Then the influence of experimental parameters on the performances on the photodegradation of Rhodamine B by LTO-1100 was checked. We found an optimal amount of the photocatalyst mass (100 mg); in our case, this optimum correspond to the limit before an increase of the turbidity of the solution which cause a decrease of the apparent rate constant.

Furthermore, we noted that the temperature of 40°C favors the best results. Indeed, the temperature can influence the adsorption/desorption constants and the temperature of 40°C represents the best compromise between the adsorption of Rhodamine B molecules at the surface of LTO-1000 and their desorption. We reported an increase of the apparent rate constant with the the increase of the luminous flux as predicted by the kinetic law v=kappI n . Additionally, we observed that the pH can significantly improve the kinetic of photocatalysis. Indeed, we noted that a pH = 12 permits a strong increase of the apparent rate constant from 9.50x10 -3 to 2.15x10 -2 min -1 in the case of Rhodamine B (cationic dye) and that a pH = 2 permits an increase of the apparent rate constant from 2.90x10 -3 to 1x34.10 -2 min -1 in the case of methyl orange (anionic dye). We observed that the choice of the pH is strongly dependent to the nature of the dye (cationic or anionic). Finally, we demonstrated the enhancement of the kinetic by adding during the process a source of ultrasonic waves: kapp=1.64x10 -2 min -1 and kapp = 2.74x10 -2 , without and with ultrasonic waves respectively, which correspond to a percentage of synergy of 23%. 

Figures Caption

Figure 2

 2 Figure 2 shows the TEM images for LTO-800 and LTO-1100 samples. Figures 2.a and 2.bwere performed on the La2Ti2O7 calcined at 800°C. We can observe the formation of agglomerates as shown in Figure2.a whose average size is consistent with that determined by X-Ray Diffraction. From a statistical study, this one is estimated about 35 ± 3 nm. Agglomerates observed confirm our choice not to use the specific surface measurement to determine the particle size. Careful examination reveals crystallized grains as in the inset of Figure2.a but also

  photocatalyst mass,…, we have studied the photodegradation of Rhodamine B in the presence of La2Ti2O7 nanocrystallites. The evolution of the Rhodamine B concentration can be monitored spectrophotometrically by following the evolution of the maximum absorbance of Rhodamine B at λ = 554 nm as a function of irradiation time in order to follow the discoloration percentage of the dye and then to determine the kinetic by plotting Ln(C0/C) vs. t. Figure4shows an example of the curves obtained for the LTO-1000 sample. It is important to note that the sample is centrifuged for 15 min at 3500 rpm in order to prevent the presence of particles in suspension which can disturb the absorbance measurement. It is worth to noting that at pH=5.6, the photodegradation of Rhodamine B without photocatalyst has an apparent rate constant of 8.10x10 -4 min -1 .

  Figure 1. a) XRD patterns of LTO-X where X represents the calcination temperature of the gel; b) TGA/DSC curves of the LTO gel.

Figure 2 .

 2 Figure 2. TEM images of LTO-800 (a and b) and LTO-1100 (c and d).

Figure 3 .

 3 Figure 3. Tauc plots calculated for LTO-600, LTO-900 et LTO-1100 samples.

Figure 4 .

 4 Figure 4. a) Absorbance spectra evolution of Rhodamine B in aqueous solution as a function of UV irradiation time and b) Ln (C0/C) vs. t plot for LTO-1100.

Figure 5 .

 5 Figure 5. Evolution of apparent rate constants as a function of a) the crystallite size, b) the dye concentration, c) the catalyst mass and d) the temperature. For all experiments, the suspension is irradiated by 40 W UV lamp (254 nm).

Figure 6 .

 6 Figure 6. a) Zeta potential of LTO-1000 nanopowders in aqueous solution at different pH values at room temperature and b) Zeta potential of LTO-1000 vs. temperature at pH=6.

Figure 7 .

 7 Figure 7. Evolution of apparent rate constants as a function of pH (with or without photocatalyst) under 40 W UV irradiation for photodegradation of Rhodamine B (a) and Methyl orange (b).

Figure 8 .

 8 Figure 8. Ln(C0/C) vs. t plots obtained for three effects: sonophotocatalysis, photocatalysis and sonocatalysis on LTO-1000 oxide.
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Table caption Table 1 .

 caption1 Average crystallite size, BET surface area, average pore size, total pore volume and optical band gap of the LTO-X samples

Table 1 .

 1 Average crystallite size, BET surface area, average pore size, total pore volume and optical band gap of the LTO-X samples

	Sample	Average Crystallite	SBET (m 2 .g -1 )	Average pore	Total pore	Eg (eV)
		size (nm)		size (nm)	volume (cm 3 .g -1 )	
	LTO-600	-	8.0	22	1.9x10 -2	4.08
	LTO-700	33	5.4	20	2.0x10 -2	4.05
	LTO-800	36	3.5	25	2.0x10 -2	3.93
	LTO-900	48	1.2	32	6.3x10 -3	3.87
	LTO-1000	64	1	36	3.7x10 -3	3.95
	LTO-1100	76	0.8	42	2.7x10 -3	3.98
	LTO-1200	95	0.6	43	3.0x10 -3	3.99
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