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INTRODUCTION

Nanosized titanium dioxide has attracted much attention, over the past decades, due to exceptional optical and electronic properties, [START_REF] Gomathi Devi | A Review on Plasmonic Metal-TiO2 Composite for Generation, Trapping, Storing and Dynamic Vectorial Transfer of Photogenerated Electrons across the Schottky Junction in a Photocatalytic System[END_REF] high efficiency and high photo-stability, strong oxidizing power, 2 chemical stability [START_REF] Kapilashrami | Probing the Optical Property and Electronic Structure of TiO2 Nanomaterials for Renewable Energy Applications[END_REF][START_REF] De Angelis | Theoretical Studies on Anatase and Less Common TiO2 Phases: Bulk, Surfaces, and Nanomaterials[END_REF] leading to many applications [START_REF] Liu | Titanium Dioxide Crystals with Tailored Facets[END_REF] in catalysis, photocatalysis, [START_REF] Linsebigler | Photocatalysis on TiO2 Surfaces: Principles, Mechanisms, and Selected Results[END_REF][START_REF] Schneider | Understanding TiO2 Photocatalysis: Mechanisms and Materials[END_REF] solar cells, [START_REF] Long | Gold-Plasmon Enhanced Solar-to-Hydrogen Conversion on the {001} Facets of Anatase TiO2 Nanosheets[END_REF][START_REF] Wang | One-Dimensional Titania Nanostructures: Synthesis and Applications in Dye-Sensitized Solar Cells[END_REF] (bio)sensing [START_REF] Bai | Titanium Dioxide Nanomaterials for Sensor Applications[END_REF][START_REF] Jeynes | Direct Quantification of Rare Earth Doped Titania Nanoparticles in Individual Human Cells[END_REF] and biomedicine. [START_REF] Fei Yin | Recent Progress in Biomedical Applications of Titanium Dioxide[END_REF] The photo-activity of TiO2, [START_REF] Tong | Efficiently Enhancing Visible Light Photocatalytic Activity of Faceted TiO2 Nanocrystals by Synergistic Effects of Core-Shell Structured Au@CdS Nanoparticles and Their Selective Deposition[END_REF][START_REF] Fujishima | TiO2 Photocatalysis and Related Surface Phenomena[END_REF] is influenced not only by different properties such as the surface area, the crystallinity, the nanoparticle (NP) size or the crystal structure, [START_REF] Fujishima | TiO2 Photocatalysis and Related Surface Phenomena[END_REF][START_REF] D'arienzo | Photogenerated Defects in Shape-Controlled TiO2 Anatase Nanocrystals: A Probe to Evaluate the Role of Crystal Facets in Photocatalytic Processes[END_REF] but also by the specific morphology of the particles, which determines which crystal facets are exposed, and then has a strong influence on the photocatalytic performance of the particles. [START_REF] Liu | Quantitative Analysis of the Morphology of {101} and {001} Faceted Anatase TiO2 Nanocrystals and Its Implication on Photocatalytic Activity[END_REF] Both theoretical and experimental studies have shown that the (001) surface of the TiO2 anatase truncated bipyramid which exhibits 100% of Ti five-fold coordinated (Ti5c) is much more reactive than the thermodynamically more stable (101) facet presenting 50% of Ti5c and 50% of Ti six-fold coordinated Ti6c. [START_REF] Calatayud | Controlling the Morphology of Tio2 Nanocrystals with Different Capping Agents[END_REF][START_REF] Zhang | Structural Characteristics and Mechanical and Thermodynamic Properties of Nanocrystalline TiO2[END_REF][START_REF] Runkel | Theoretical and Experimental Study of Anatase Nanotube Formation Via Sodium Titanate Intermediates[END_REF][START_REF] Mao | Size-and Shape-Dependent Transformation of Nanosized Titanate into Analogous Anatase Titania Nanostructures[END_REF][START_REF] Yang | Solvothermal Synthesis and Photoreactivity of Anatase TiO2 Nanosheets with Dominant {001} Facets[END_REF][START_REF] Kumar | Polymorphic Phase Transition among the Titania Crystal Structures Using a Solution-Based Approach: From Precursor Chemistry to Nucleation Process[END_REF] On the other hand, when NPs are expected to be very reactive, one cannot ignore their impact and their potential toxicity. [START_REF] Djurišić | Toxicity of Metal Oxide Nanoparticles: Mechanisms, Characterization, and Avoiding Experimental Artefacts[END_REF][START_REF] Hsieh | Mapping the Biological Oxidative Damage of Engineered Nanomaterials[END_REF][START_REF] Johnston | Identification of the Mechanisms That Drive the Toxicity of TiO2Particulates: The Contribution of Physicochemical Characteristics[END_REF][START_REF] Lewinski | Cytotoxicity of Nanoparticles[END_REF][START_REF] Li | Mechanistic Characterization of Titanium Dioxide Nanoparticle-Induced Toxicity Using Electron Spin Resonance[END_REF][28][START_REF] Minetto | Ecotoxicity of Engineered TiO2 Nanoparticles to Saltwater Organisms: An Overview[END_REF][START_REF] Setyawati | Mechanistic Investigation of the Biological Effects of SiO2, TiO2, and Zno Nanoparticles on Intestinal Cells[END_REF][START_REF] Setyawati | Nanotoxicity: Mechanistic Investigation of the Biological Effects of Sio2, TiO2, and Zno Nanoparticles on Intestinal Cells (Small 28/2015[END_REF][START_REF] Simon | Titanium Dioxide Nanoparticles Induced Intracellular Calcium Homeostasis Modification in Primary Human Keratinocytes. Towards an in Vitro Explanation of Titanium Dioxide Nanoparticles Toxicity[END_REF] The latter depends not only on the chemical nature of the nanomaterial, but also on its size, morphology and surface chemistry. [START_REF] Fei Yin | Recent Progress in Biomedical Applications of Titanium Dioxide[END_REF][START_REF] Johnston | Identification of the Mechanisms That Drive the Toxicity of TiO2Particulates: The Contribution of Physicochemical Characteristics[END_REF][START_REF] Setyawati | Mechanistic Investigation of the Biological Effects of SiO2, TiO2, and Zno Nanoparticles on Intestinal Cells[END_REF][START_REF] Bavykin | Elongated Titanate Nanostructures and Their Applications[END_REF][START_REF] Botta | TiO2-Based Nanoparticles Released in Water from Commercialized Sunscreens in a Life-Cycle Perspective: Structures and Quantities[END_REF][START_REF] Cai | Correlation of the Cytotoxicity of TiO2 Nanoparticles with Different Particle Sizes on a Sub-200-Nm Scale[END_REF][START_REF] Chen | Evaluating Cytotoxicity and Cellular Uptake from the Presence of Variously Processed TiO2Nanostructured Morphologies[END_REF][START_REF] Lee | One-Dimensional Titanium Dioxide Nanomaterials: Nanotubes[END_REF][START_REF] Liu | Size-and Shape-Dependent Effects of Titanium Dioxide Nanoparticles on the Permeabilization of the Blood-Brain Barrier[END_REF][START_REF] Rajh | Titanium Dioxide in the Service of the Biomedical Revolution[END_REF][START_REF] Townley | Nanoparticle Augmented Radiation Treatment Decreases Cancer Cell Proliferation[END_REF][START_REF] Truong | Controlled Synthesis of Titania Using Water-Soluble Titanium Complexes: A Review[END_REF][START_REF] Victoria | Nano-TiO2Penetration of Oral Mucosa: In Vitro Analysis Using 3d Organotypic Human Buccal Mucosa Models[END_REF][START_REF] Yu | Toxicity of Amorphous Silica Nanoparticles in Mouse Keratinocytes[END_REF] Therefore, for toxicology and other purposes, the synthesis of well-crystallized and nanostructured TiO2 particles with tailored morphology is still the object of intense research and represents a current major challenge using either no capping agent, inorganic (F -) or organic capping agents (amines, long chain organic acids). [START_REF] Liu | Titanium Dioxide Crystals with Tailored Facets[END_REF][START_REF] Yang | Solvothermal Synthesis and Photoreactivity of Anatase TiO2 Nanosheets with Dominant {001} Facets[END_REF][START_REF] Amoli | Tailored Synthesis of Porous TiO2Nanocubes and Nanoparallelepipeds with Exposed {111} Facets and Mesoscopic Void Space: A Superior Candidate for Efficient Dye-Sensitized Solar Cells[END_REF][START_REF] Yang | Anatase and Brookite TiO2 with Various Morphologies and Their Proposed Building Block[END_REF][START_REF] Ray | Recent Advances of Metal-Metal Oxide Nanocomposites and Their Tailored Nanostructures in Numerous Catalytic Applications[END_REF][START_REF] Roy | Green Synthesis of Anatase TiO2 Nanocrystals with Diverse Shapes and Their Exposed Facets-Dependent Photoredox Activity[END_REF][START_REF] Yun | Influence of Aspect Ratio of TiO2 Nanorods on the Photocatalytic Decomposition of Formic Acid[END_REF][START_REF] Yang | Alkali Metal Ion Assisted Synthesis of Faceted Anatase TiO2[END_REF] These agents that specifically adsorb on different facets can play a critical role in assisting the anisotropic growth of specific facets so that the NP develops in targeted directions and controlled morphology. Besides the numerous molecular titanium precursors [START_REF] Truong | Controlled Synthesis of Titania Using Water-Soluble Titanium Complexes: A Review[END_REF][START_REF] Cargnello | Solution-Phase Synthesis of Titanium Dioxide Nanoparticles and Nanocrystals[END_REF] (alkoxides, halides, titanium bis(ammoniumlactato) hydroxide, sulfate and oxysulfate, atranes, carboxylates) to grow TiO2 NPs, the use of the so-called titania-based nanotubes was successfully tested by Nian et al. in 2006. [START_REF] Nian | Hydrothermal Synthesis of Single-Crystalline Anatase TiO2 Nanorods with Nanotubes as the Precursor[END_REF] The synthesis of these titania-based nanotubes (TNTs), also referred to as scrolled nanosheets (SNSs), is based on the hydrothermal Qingguo Bai, Magali Lavenas, Laetitia Vauriot, Quentin Le Trequesser, Junjie Hao, et al.. Hydrothermal transformation of titanate scrolled nanosheets to anatase over a wide ph range and contribution of triethanolamine and oleic acid to control the morphology. Inorganic Chemistry, American Chemical Society, 2019, 58 (4), pp.2588-2598. 〈10.1021/acs.inorgchem.8b03197〉. 〈hal-02051494〉 treatment of TiO2 powder, at high temperatures in a highly concentrated NaOH solution without sacrificial templates and was first reported by Kasuga et al. [START_REF] Kasuga | Formation of Titanium Oxide Nanotube[END_REF][START_REF] Kasuga | Titania Nanotubes Prepared by Chemical Processing[END_REF] in 1998. This simple and costeffective hydrothermal method provides a large scale quantity of pure titania-based nanotubes with small diameter (9-10 nm) and lengths as high as several hundred nms and has been the subject of many efforts. [START_REF] Bavykin | Elongated Titanate Nanostructures and Their Applications[END_REF][START_REF] Lee | One-Dimensional Titanium Dioxide Nanomaterials: Nanotubes[END_REF][START_REF] Chen | Titanium Dioxide Nanomaterials: Synthesis, Properties, Modifications, and Applications[END_REF] The different studies on the reactivity of these SNSs in various media [START_REF] Runkel | Theoretical and Experimental Study of Anatase Nanotube Formation Via Sodium Titanate Intermediates[END_REF][START_REF] Bavykin | Elongated Titanate Nanostructures and Their Applications[END_REF][START_REF] Bavykin | Stability of Aqueous Suspensions of Titanate Nanotubes[END_REF][START_REF] Bavykin | Acid Transformation of TiO2 Nanotubes to Nanoparticles[END_REF][START_REF] Eslami | Hydrothermal Synthesis and Characterization of TiO2-Derived Nanotubes for Biomedical Applications[END_REF][START_REF] Li | Controlled Synthesis and Photocatalytic Investigation of Different-Shaped One-Dimensional Titanic Acid Nanomaterials[END_REF][START_REF] Nakahira | TiO2-Derived Titanate Nanotubes by Hydrothermal Process with Acid Treatments and Their Microstructural Evaluation[END_REF][START_REF] Poudel | Formation of Crystallized Titania Nanotubes and Their Transformation into Nanowires[END_REF][START_REF] Yoshida | Effects of Synthetic Conditions and Heat-Treatment on the Structure of Partially Ion-Exchanged Titanate Nanotubes[END_REF][START_REF] Neelgund | Nanocrystalline TiO2 Preparation by Microwave Route and Nature of Anatase-Rutile Phase Transition in Nano TiO2[END_REF][START_REF] Rodríguez-González | Rapid Microwave-Assisted Synthesis of One-Dimensional Silver-H2ti3o7 Nanotubes[END_REF][START_REF] Wang | Rapid Formation of Active Mesoporous TiO2 Photocatalysts Via Micelle in a Microwave Hydrothermal Process[END_REF] show they can be effectively used as a cost-effective starting material as compared to titanium alkoxides for the controlled synthesis of targeted morphologies of TiO2.

We propose in this paper to use these SNSs in hydrothermal conditions under mild conditions (140°C, 3 days) and scan the influence of parameters such the pH and the nature of the capping agents suggested by Sugimoto to direct NPs growth starting from molecular precursors. [START_REF] Sugimoto | Synthesis of Uniform Anatase TiO2 Nanoparticles by Gel-Sol Method: 3. Formation Process and Size Control[END_REF] We show that over a wide pH range (2.2-11) it is possible to control the morphology of the anatase TiO2 from nanocuboids to high aspect ratio nanoneedles (NNs) as illustrated in Scheme 1.

Scheme 1.

Illustration of the reaction procedure to control the NNs aspect ratios: in red the parameters are varied in this study.

These nanoobjects with controlled morphology can then provide a panel for further use in biological studies to find correlations in between cells discrepancy and the aspect ratio of the NNs. 

EXPERIMENTAL SECTION

Synthesis of SNSs:

The scrolled nanosheets were synthesized by a traditional hydrothermal route based on the initial work by Kasuga and co-workers. [START_REF] Kasuga | Formation of Titanium Oxide Nanotube[END_REF][START_REF] Kasuga | Titania Nanotubes Prepared by Chemical Processing[END_REF] The synthetic procedure for TiO2 based scrolled nanosheets was as follows: P25 from Evonik (2 g, 25 mmol) a generous gift from Evonik was introduced into a Teflon vessel with an inner volume of 50 mL and added with a freshly prepared under Argon 10 N NaOH aqueous solution (30 mL (prepared in a Teflon Erlenmeyer), 0.3 mol.) (caution should be taken to avoid carbonation of sodium hydroxide solution). The Teflon vessel was sealed and placed on a roller mixer for 1 hour; it was then introduced inside a stainless steel autoclave and subjected to a hydrothermal treatment at 130°C for 23 hours. The autogenous pressure is not an issue because the saturation pressure of 10 N NaOH is ca. 1.2 bar at this temperature, thus it varies very little between 100 and 150°C, and can be easily controlled by strictly controlling the filling fraction of the PTFE container. [START_REF] Green | Perry's Chemical Engineers' Handbook, Eighth Edition[END_REF] The mixture was then naturally cooled down, the transparent supernatant removed. The white solid was collected, and washed with 150 mL of 0.1 N HNO3 solution for 15 minutes and submitted to centrifugation steps of 5,000 rpm for 10 minutes. This process was repeated until pH became acidic (an overall volume of 600 mL was necessary). Finally, the colloidal solution was neutralized with deionized water to get a stable pH of 7. The same procedure was used for the treatment with 1 N HNO3 and 0.1 N and 1 N HCl.

Synthesis of Nanoneedles:

The synthesis of nanoneedles using the previously prepared scrolled nanosheets is adapted from Nian's. [START_REF] Nian | Hydrothermal Synthesis of Single-Crystalline Anatase TiO2 Nanorods with Nanotubes as the Precursor[END_REF] A 1 N NaOH solution was added dropwise to one-third of the freshly prepared scrolled nanosheet suspension corresponding to 0.7 g of powder, in order to reach the required pH (measured with a pH-meter), and to adjust the volume to 28 mL. It was then added to a 50 mL Teflon vessel in a stainless steel autoclave which was placed in an oven at 140 °C for 72 hours after which the mixture was naturally cooled down and washed with deionized water until pH 7 (centrifugation steps: 9,000 rpm, 10 minutes). The addition of Qingguo Bai, Magali Lavenas, Laetitia Vauriot, Quentin Le Trequesser, Junjie Hao, et al.. Hydrothermal transformation of titanate scrolled nanosheets to anatase over a wide ph range and contribution of triethanolamine and oleic acid to control the morphology. Inorganic Chemistry, American Chemical Society, 2019, 58 (4), pp.2588-2598. 〈10.1021/acs.inorgchem.8b03197〉. 〈hal-02051494〉 the structuring agents, (triethanolamine (TEOA), oleic acid (OA)), to freshly synthesized scrolled nanosheets was performed before adjusting the pH.

Then, the pH was adjusted to the desired value and the volume to 28 mL with NaOH or HNO3 solutions and distilled water. Finally, the mixture was introduced to a Teflon-lined stainless steel autoclave and subjected to hydrothermal treatment at 140°C for 72 hours. The two other thirds were also used as starting materials, as soon as prepared. The overall yield of such a process starting from 2g of TiO2 based on the two reactions in Scheme 1 and taking into account the many washing steps per batch was in the range 85-87%.

The samples were heated in a programmable Memmert oven. The phase identification of the samples was performed with X-Ray Diffraction (XRD) using a powder diffractometer (PANalytical X'Pert Pro) equipped with CuKα1 radiation,  = 1.540598 Å. Transmission Electron Microscopy (TEM) images were obtained with either a TEM 1400 JEOL using 120 kV voltage or on an Hitachi H7650 operating at 120 kV. HRTEM images were obtained with a TEM-FEG HR (JEOL 2200FS) at 200 kV.

RESULTS AND DISCUSSION

The alkaline-based hydrothermal synthesis developed by Kasuga et al. has rapidly turned out to be the dominant non-templated method for producing scrolled nanosheets [START_REF] Kasuga | Formation of Titanium Oxide Nanotube[END_REF] and/or layered titanate nanomaterials. [START_REF] Pan | Comparing Graphene-TiO2 Nanowire and Graphene-TiO2 Nanoparticle Composite Photocatalysts[END_REF] The main advantages of the procedure as mentioned in the introduction is that it relies on the use of cheap raw materials (TiO2 whatever its nature: anatase, commercial P25, [START_REF] Kasuga | Formation of Titanium Oxide Nanotube[END_REF][START_REF] Pan | Comparing Graphene-TiO2 Nanowire and Graphene-TiO2 Nanoparticle Composite Photocatalysts[END_REF][START_REF] Yuan | Titanium Oxide Nanotubes, Nanofibers and Nanowires[END_REF] rutile, [START_REF] Kasuga | Titania Nanotubes Prepared by Chemical Processing[END_REF][START_REF] Yuan | Titanium Oxide Nanotubes, Nanofibers and Nanowires[END_REF][START_REF] Lan | Titanate Nanotubes and Nanorods Prepared from Rutile Powder[END_REF] or amorphous TiO2 70 , NaOH or KOH [START_REF] Pan | Comparing Graphene-TiO2 Nanowire and Graphene-TiO2 Nanoparticle Composite Photocatalysts[END_REF] , water), exhibits high yields of single phase nanomaterial as well as the possibility to control the product morphology by tuning the composition of the reaction mixture. In a typical SNSs synthesis, anatase TiO2 is mixed into a 10 M NaOH aqueous solution until a white suspension is obtained, the suspension is then aged in a closed Teflon-lined autoclave at a determined temperature for a given time without shaking or stirring except in one case. [START_REF] Sallem | Effect of Mechanical Stirring and Temperature on Dynamic Hydrothermal Synthesis of Titanate Nanotubes[END_REF] The product is then washed with either deionized water or acidic solutions at various concentrations, to reach a chosen pH at which point the slurry is filtered, and the titanate nanotubes are dried in air or kept in solution depending on their further use.

The result of these different treatments is that the number of papers, which were published on the structure and formation of hydrothermally synthesized titanium oxide nanotubes/scrolled nanosheets, led to controversial reports especially concerning their crystalline structure. [START_REF] Bavykin | Elongated Titanate Nanostructures and Their Applications[END_REF][START_REF] Liu | A Review on TiO2-Based Nanotubes Synthesized Via Hydrothermal Method: Formation Mechanism, Structure Modification, and Photocatalytic Applications[END_REF][START_REF] Wong | A Review on the Formation of Titania Nanotube Photocatalysts by Hydrothermal Treatment[END_REF] We therefore here were cautious to always use exactly the same experimental conditions, in terms of concentration of P25, use of freshly prepared sodium hydroxide solution (under argon), reaction time and temperature, as well as the washing procedure to ensure a constant reproducibility of the SNSs. The accurate control of this procedure was indeed mandatory to better understand the influence of the different studied parameters when these SNSs were used as starting materials for further syntheses. As shown in Figure 1, each SNS consists of a thin curved structure of several layers of a single nanosheet wrapped on itself, along with the c axis, leading to a nanotube with an average external diameter of about 8 nm with a multiwall thickness of about 2 nm and a length of several hundred nanometers. [START_REF] Nakahira | Formation Mechanism of TiO2-Derived Titanate Nanotubes Prepared by the Hydrothermal Process[END_REF] The interlayer spacing of these nanotubes is 0.7 nm, close to the values reported in the literature. [START_REF] Bavykin | Stability of Aqueous Suspensions of Titanate Nanotubes[END_REF][START_REF] Wu | Sequence of Events for the Formation of Titanate Nanotubes, Nanofibers, and Nanobelts[END_REF][START_REF] Yao | Formation Mechanism of TiO2 Nanotubes[END_REF][START_REF] Chen | The Structure of Trititanate Nanotubes[END_REF][START_REF] Du | Preparation and Structure Analysis of Titanium Oxide Nanotubes[END_REF] at the corner to form the stepped Ti3O7 2-layers; sodium ions and water molecules located between the layers were exchangeable and assumed a general formula of NaxH2-xTi3O7 depending on the washing. [START_REF] Yoshida | Effects of Synthetic Conditions and Heat-Treatment on the Structure of Partially Ion-Exchanged Titanate Nanotubes[END_REF][START_REF] Qamar | Effect of Post Treatments on the Structure and Thermal Stability of Titanate Nanotubes[END_REF] However, such XRD patterns were also attributed to H2Ti2O5•H2O [START_REF] Nian | Hydrothermal Synthesis of Single-Crystalline Anatase TiO2 Nanorods with Nanotubes as the Precursor[END_REF][START_REF] Lan | Titanate Nanotubes and Nanorods Prepared from Rutile Powder[END_REF][START_REF] Huang | Tailoring of Low-Dimensional Titanate Nanostructures[END_REF][START_REF] Suetake | Characteristics of Titanate Nanotube and the States of the Confined Sodium Ions[END_REF][START_REF] Lee | Effects of Synthesis Temperature on the Microstructures and Basic Dyes Adsorption of Titanate Nanotubes[END_REF][START_REF] Gao | Crystal Structures of Titanate Nanotubes: A Raman Scattering Study[END_REF][START_REF] Khan | Synthesis and Characterization of Ultrahigh Crystalline TiO2 Nanotubes[END_REF] or orthorhombic protonic lepidocrocite (HxTi2-x/4□x/4O4 with x ~ 0.7 and □: vacancy). [START_REF] Mao | Size-and Shape-Dependent Transformation of Nanosized Titanate into Analogous Anatase Titania Nanostructures[END_REF] This is why the obtained product is very often considered to be a protonated form of titanium oxide or hydrogeno titanate, formulated under pressure. [START_REF] Bavykin | Elongated Titanate Nanostructures and Their Applications[END_REF] In the following, we took special care to use the same washing procedure, like equal volumes of 0.1 N HNO3 and the same periods of time, to be sure to obtain identical SNSs. The SNSs then underwent a hydrothermal treatment at 140°C with an identical autoclave filling fraction of 60% in all the experiments, during which we varied different parameters: the reaction time, the aging of the precursor SNSs, the pH of the reaction medium as well as the presence of structuring agents such as TEOA and/or OA. The SNSs were transformed into TiO2 NNs with various lengths and aspect ratios depending on the studied parameters. As an example, when a suspension of 0.7 g of scrolled nanosheets underwent reaction at 140 °C for 72 hours at pH 9.8 treatment, nanoneedles as shown in Figure 3 a) are obtained. The XRD analysis (Figure 3b)

shows the characteristic peaks of the well-crystallized anatase structure (JCPDS 21-1272) are dominant with a few % of brookite (JCPDS 029-1360) barely detectable. [START_REF] Yang | Anatase and Brookite TiO2 with Various Morphologies and Their Proposed Building Block[END_REF] The statistical distribution of their lengths and widths measured on at least 300 NPs (Figures 3 c) andd)) provided an average length of 350 nm (± 130 nm), and width of 46 nm (± 10 nm) and aspect ratio (AR) of 7.5. 

Influence of the reaction time:

In most of the papers, the required operating time used for the transformation of the SNSs into other TiO2 morphologies at 140°C is generally 3 days, we effectively confirmed that 24h and 48h reaction times respectively have a % conversion of only 50% and 80% of the SNSs at 140°C.

Influence of the SNS aging.

The parameters of a pH of 9.8 and a hydrothermal treatment at 140 °C for 3 days, were fixed to study the influence of the SNSs aging. Figure 4 compares the freshly-prepared SNSs (Figure 4a) and the morphology (Figure 4b) and size distribution (Figure 4c) of the resulting TiO2 NNs and the same SNSs stored in water solution at pH 7 for 31 days at room temperature (Figure 4d) and their resulting TiO2 NNs (Figure 4e and Figure 4f). At such a pH, no phase transformation of the SNSs into more stable nanoobjects was detected [START_REF] Bavykin | Stability of Aqueous Suspensions of Titanate Nanotubes[END_REF] , they tend to shorten as well as un-scroll leading to smaller nanoobjects when submitted to Qingguo Bai, Magali Lavenas, Laetitia Vauriot, Quentin Le Trequesser, Junjie Hao, et al.. Hydrothermal transformation of titanate scrolled nanosheets to anatase over a wide ph range and contribution of triethanolamine and oleic acid to control the morphology. Inorganic Chemistry, American Chemical Society, 2019, 58 (4), pp.2588-2598. 〈10.1021/acs.inorgchem.8b03197〉. 〈hal-02051494〉 hydrothermal treatment. Their XRD pattern is also detrimentally influenced by a long storage in neutral water as shown in Figure 5a. Figures 4b and4e are the TEM images of their corresponding NNs with the size distribution made on the length of more than 300 particles (Figures 4c and4f). NNs obtained from freshlymade SNSs exhibit an average length of 350 nm (±140 nm) whereas SNSs obtained from "old" SNSs are much smaller with an average length of 92 nm (± 30 nm). The same trend is observed with the NNs width. A more systematic study of the aging of the nanosheets from 0 to 31 days was performed to determine the impact on the nanoneedles length as shown in Figure 5b. These results are in agreement with some work also reported by Bavykin [START_REF] Bavykin | Stability of Aqueous Suspensions of Titanate Nanotubes[END_REF][START_REF] Bavykin | Acid Transformation of TiO2 Nanotubes to Nanoparticles[END_REF] who showed that the stability of the SNSs in solution could not necessarily be assumed and that it also depended on the pH and on the counter-anions present in solution. Playing with SNS aging to decrease TiO2 nanoparticle size is then an option to control the nanoneedles size, but it is far too timeconsuming. Indeed the exponential fit gives a characteristic time of dissolution of the SNSs of 20 days.

Influence of the medium initial pH. The initial pH of the reaction medium was then adjusted to different values from 2 to 11 at least 3 times for each value and up to 8 times in some cases. In each case, the statistics on the NNs length were performed on at least 300 NPs from the TEM images, and the variation of the NNs length with the pH is illustrated in Figure 6. The variation of the pH can effectively adjust the length/width of the resulting NNs and control the NNs aspect ratio over a wide range from 1 at pH 2, to 3 at pH 6 and 8 at pH as high as 10.8.

In fact at 140°C, the SNSs revealed to be very stable in concentrated basic media, and it was only when pHs were below 11 that it became possible to corrode them and generate long anatase NNs. As illustrated in Figure S1, the XRD patterns of these anatase nanoobjects only differ in the fact that there is a tendency at pH 9 to form the brookite phase, with increasing brookite content with increasing pH values.

It has been proposed [START_REF] Bavykin | Acid Transformation of TiO2 Nanotubes to Nanoparticles[END_REF] is controlled by kinetics, rather than thermodynamics, leading to the formation of metastable anatase. [START_REF] Nian | Hydrothermal Synthesis of Single-Crystalline Anatase TiO2 Nanorods with Nanotubes as the Precursor[END_REF] These NNs exhibit a preferential direction along the [001] axis of anatase during the crystal growth, which can be easily explained by the selectivity of the constraint induced by the configuration and crystalline structure of the scrolled nanosheets used as precursors. Thus, the correlation between the crystalline structures of the SNSs and the resulting nanoobjects is crucial for the morphology of the later. Upon the hydrothermal treatment of the SNSs, the reaction proceeds with their partial dissolution followed by the rearrangement of the resulting bilayered fragments to form anatase nanoobjects; the size of these fragments being strongly pHand temperature-dependent and controlling the final aspect ratio of the NNs. The preferential elongation [001] in the anatase is strongly dependent on the specific feature of the nanotubes.

Both SNSs titanate and anatase have common structural characteristics [START_REF] Zhu | Phase Transition between Nanostructures of Titanate and Titanium Dioxides Via Simple Wet-Chemical Reactions[END_REF] : their lattices consist of octahedra sharing four edges and forming zigzag ribbons. Additionally, the titanate SNSs framework exhibits a majority of under-coordinated titanium sites located on the interior wall of the tube, [START_REF] Saponjic | Shaping Nanometer-Scale Architecture through Surface Chemistry[END_REF] and because of the pH the interplay between the ions in solution and the subsequently related possibility of generating Ti-O-Ti bonds, this framework shrinks locally by reducing the interlayer distances and rearranges, leading to the anatase TiO2 structure.

Even if adjusting the pH effectively allows a control of the NNs length through changing fragment size, the final NNs size distribution may still be a problem depending on the required applications, particularly for biological ones. The use of structuring agents (SAs) is a way to overcome this drawback and control the morphology of nanoobjects as well as their polydispersity, and many of these SAs have already been used in the literature: using basic 15, 17, 44, 64-65, 89-99 and acidic [START_REF] D'arienzo | Photogenerated Defects in Shape-Controlled TiO2 Anatase Nanocrystals: A Probe to Evaluate the Role of Crystal Facets in Photocatalytic Processes[END_REF][START_REF] Calatayud | Controlling the Morphology of Tio2 Nanocrystals with Different Capping Agents[END_REF][100][101] agents, on their own or in varied proportions; in hydrothermal 1, 5, 7, 18, 33, 37, 41, 46, 50-51, 54, 72-73, 83, 91, 102-108 and non-hydrolytic 5, 16-17, 41, 50, 54, 106, 109-111 processes.
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Influence of structuring agents: Among all those which were used, we focused our attention on triethanolamine (TEOA) and oleic acid (OA) which have been up to now used by Sugimoto et al. in the gel-sol process. [START_REF] Sugimoto | Synthesis of Uniform Anatase TiO2 Nanoparticles by Gel-Sol Method: 3. Formation Process and Size Control[END_REF][START_REF] Nakagawa | Synthesis and Characterization of Surface-Functionalized Layered Titanate Nanosheets Using Lamellar Self-Assembly as a Template[END_REF][START_REF] Sugimoto | Synthesis of Uniform Anatase TiO2 Nanoparticles by Gelsol Method: 4[END_REF][112][113][114][115] These authors showed the influence and the role of TEOA as a trap in the release of the reactive Ti 4+ species from the gel formed from titanium alkoxides before the formation of the TiO2 nanoparticles, at a temperature above 100 °C. Our goal here was to apply this approach to a top-down approach, using the progressive destruction of the scrolled nanosheets as the source of "Ti 4+" and these two SAs separately or in combination under various pH conditions. Figure 7 illustrates the result of the synthesis of nanoneedles performed in the presence of TEOA and OA separately, at pH 9.8. The same batch of starting scrolled nanosheets was used to make sure results were comparable. TEOA or OA was added to the scrolled nanosheets (0.7 g) and the pH adjusted to 9.8 with an aqueous solution of 0.1 N NaOH. They were reacted in a Teflon-lined stainless steel autoclave, for 72 hours at 140 °C with 0, 500 and 1000 µL of the respective structuring agent (3.76 and 7.52 mmol for TEOA (molar ratios between TEOA and Ti are 0.45 and 0.9) and 1.59 and 3.18 mmol for OA (molar ratios between OA and Ti are 0.2 and 0.4). For the sake of clarity, results are presented as a function of the SA varying volumes. The TEM images on Figure 7a and7c show that the morphology of the resulting objects does not change, whatever the chemical nature of the SA (TEOA or OA) at the chosen pH. A slight decrease of the average length seems to take place while keeping the standard deviation relatively high (~100 nm) (Figure 7b and7d). Experiments performed at different pH values confirmed the role of the SAs when used separately (Figure 8). TEOA containing both amino and OH groups is susceptible to interact with the SNSs in two potential ways: on the one hand, it can limit the growth rate of the planes parallel to the c-axis of TiO2 tetragonal crystal system because of its specific affinity for these planes in this pH range, [START_REF] Sugimoto | Synthesis of Uniform Anatase TiO2 Nanoparticles by Gelsol Method: 4[END_REF] its adsorption on the surface of TiO2 being negligible or extremely weak in neutral and acidic media 112 ; on the other hand, it also contributes to the fragmentation of the titanate layer since for a given pH value of 9, for example, the NNs length is divided by High pH values (> 11.5) did inhibit the formation of NNs in the presence of TEOA, probably because the SNSs were too stable in these conditions and the rate of dissolution of the SNSs and formation in solution of the titanium hydroxide aquo complexes postulated to induce the nucleation of TiO2 by this pathway is too low. 113 Indeed, instead of starting from an amorphous gel of Ti(OH)x as in Sugimoto's case [START_REF] Sugimoto | Synthesis of Uniform Anatase TiO2 Nanoparticles by Gel-Sol Method: 3. Formation Process and Size Control[END_REF][START_REF] Sugimoto | Synthesis of Uniform Anatase TiO2 Nanoparticles by Gelsol Method: 4[END_REF] where the OH group can be easily replaced by TEOA or OA, the process here starts from scrolled nanosheets which are first partially dissolved, and then restacked in the right configuration. It should be added that TEOA has also been observed to act as a capping agent. [116][117] In the low pH range (pH < 6), the NPs exhibit the identical size and shape as in the absence of structuring agent (Supporting Information Figure S2).

Influence of the combination of the structuring agents:

We then combined these two SAs fixing the quantities of TEOA at 500 µL (3.76 mmol) and OA at 500 µL (1.59 mmol) and varied the initial pH of the reaction mixture (Figure 9). Figure 9 compares the size and aspect ratio of the resulting objects as a function of pH in the presence and absence of the SAs. This figure effectively illustrates the influence of the combination of these two SAs on the size and morphology of the resulting objects. The major impact of this concomitant use is visible under basic conditions (9-10.5) where a higher control over the length as well as over the size distribution of the objects can be performed (compare with Figure 8). Furthermore the NNs shape was a rod-like one with flatter extremities in the low pH range, as illustrated in Figure 10, confirming the affinity of the carboxylate ions for the (001) face and their blocking effect on the crystal growth. Nanorods with various sizes and aspect ratios could be obtained by playing with the ratio between the SNSs and the capping agents, while the absence of these shape controllers led to a mixture of less-specific nanoobjects (Figure 10a). A pH value of 10.7 which is a usual value given in the literature for the action of amines as structuring agents, [START_REF] Sugimoto | Synthesis of Uniform Anatase TiO2 Nanoparticles by Gelsol Method: 4[END_REF] revealed to be detrimental in the presence of oleate since the conversion of SNSs was not complete (see Figure S3 in supporting information), and the efficiency became even worse with increasing amounts of oleate. It could be proposed that using a pH above a given value prevails on any other parameter for the shape control of NPs. [START_REF] Sugimoto | Synthesis of Uniform Anatase TiO2 Nanoparticles by Gel-Sol Method: 3. Formation Process and Size Control[END_REF] We then focused on pH 9.5, which revealed to be the autogenous pH of the resulting mixture after stabilization with 500 µL of TEOA and varied the ratio between TEOA and OA increasing the volume of OA from 0 to 1600 µL. Figure 11 shows characteristic TEM images of particles obtained with different amounts of OA. It illustrates the synergetic effect of the combined use of these two structuring agents and shows the influence of the OA amount on not only the length of NNs but also on their shape since they turn into nanorods and finally give nanocuboid-like particles (Figures 11a,b,c). This is commonly explained by the selective binding of the OA to the anatase (001) face 111,118 which controls its growth.

Qingguo Bai, Magali Lavenas, Laetitia Vauriot, Quentin Le Trequesser, Junjie Hao, et al.. Hydrothermal transformation of titanate scrolled nanosheets to anatase over a wide ph range and contribution of triethanolamine and oleic acid to control the morphology. Inorganic Chemistry, American Chemical Society, 2019, 58 (4), pp.2588-2598. 〈10.1021/acs.inorgchem.8b03197〉. 〈hal-02051494〉 In this top-down process, the nanosheets can react as follows: (i) depending on the pH, their dimensions are reduced and they are partially dissolved leading to the Ti(IV) complex soluble in the reaction mixture in equilibrium with small fragments, which can then rearrange. The structuring agents participate in the control of these fragments size. They also tune the growth rate of the specific crystal planes by their specific adsorption under different pH conditions (parallel (for TEOA) or perpendicular (for OA) to the c-axis, [START_REF] Sugimoto | Synthesis of Uniform Anatase TiO2 Nanoparticles by Gel-Sol Method: 3. Formation Process and Size Control[END_REF][START_REF] Zhou | Effect of Trimethylamine on the Formation of Anatase Titania Nanoparticles by Gel-Sol Method[END_REF] ). (ii) In the presence of the SAs the dissolved titanium based octahedra complexes can also agglomerate and exhibit Qingguo Bai, Magali Lavenas, Laetitia Vauriot, Quentin Le Trequesser, Junjie Hao, et al.. Hydrothermal transformation of titanate scrolled nanosheets to anatase over a wide ph range and contribution of triethanolamine and oleic acid to control the morphology. Inorganic Chemistry, American Chemical Society, 2019, 58 (4), pp.2588-2598. 〈10.1021/acs.inorgchem.8b03197〉. 〈hal-02051494〉 controlled growth as do SAs, as described by Sugimoto. (iii) Or both processes can take place in a ratio difficult to estimate. Different sets of 3 tests per experiment were performed at pH 9.5 (Figure 11d) to determine repeatability, reproducibility, and statistical parameters. The decrease of the size of the nanoneedles with increase of the oleic acid quantity was confirmed and clearly indicated the crucial role played by this capping agent in the presence of TEOA.

The concomitant use of these two SAs allows the control of not only the morphology but also the purity of the anatase crystal phase by preventing the formation of the brookite-type TiO2, which is often produced (even if only a few %) in the presence of Na + under hydrothermal conditions (Figure 12). calculated image is inserted into the experimental one and the good agreement between both images confirms the structure and the orientation of the studied material (white arrow). The particle is elongated along the [001] direction which is consistent with the prediction [START_REF] D'arienzo | Photogenerated Defects in Shape-Controlled TiO2 Anatase Nanocrystals: A Probe to Evaluate the Role of Crystal Facets in Photocatalytic Processes[END_REF]119 and with the already published finding. [START_REF] D'arienzo | Photogenerated Defects in Shape-Controlled TiO2 Anatase Nanocrystals: A Probe to Evaluate the Role of Crystal Facets in Photocatalytic Processes[END_REF] Indeed, all the observed particles are elongated along the same direction. In this nano-crystal, the facets are parallel to the {101} planes. However, this is not the case for most of the particles. 

CONCLUSION:

To conclude, in this paper we were able to generate a large family of anatase phase nanoobjects with typical sizes from 15 to 700 nm and aspect ratios from 1 to 8, through a wet chemistry process starting from titanate scrolled nanosheets. Morphology was tailored by playing with different parameters such as (i) the age of the SNSs, (ii) mild hydrothermal temperature 140°C, (iii) a wide pH range 2-11. The concomitant use of structuring agents such as triethanol amine and oleic acid during the hydrothermal process proved to be an additional convenient way to master the phase transformation and control the size and shape as well as the polydispersity of the targeted nanoobjects in basic media. 
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