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The morphology of TiO2 nanoparticles has great influence on their physical/chemical properties. Controlled synthesis of TiO2 with adjustable morphologies is of utmost importance for their target applications. Herein, a series of TiO2 with continually adjustable shape, size and crystal structures were synthesized via the hydrolysis of titanium isopropoxide, followed by the self-assembly using P123 as structure-directing agent and ethylene glycol as co-surfactant under different solvothermal conditions. The effect of the diverse experimental conditions on the TiO2 nanostructures was systematically investigated. Particularly, an optimum TiO2 nanosheet was achieved and the formation of liquid crystal phase was observed. This work provides useful enlightenment for the fabrication of TiO2 nanostructures, which can be potentially employed in diverse fields, such as dielectric materials and photocatalysts.

Introduction

TiO2 has a long history, and its application as white pigment can date back to ancient times [START_REF] Hashimoto | TiO2 Photocatalysis: A Historical Overview and Future Prospects[END_REF]. Nowadays, the application of TiO2 nanoparticles as additives in fine chemicals (coatings, inks, plastic, rubber, and cosmetic) is advanced. In scientific community, TiO2 has been long known as an outstanding photo-catalyst for environmental restoration [START_REF] Sun | Preparation and electrorheological properties of eggshell-like TiO2 hollow spheres via one step template-free solvothermal method[END_REF][START_REF] Sun | Surface modification of TiO2 with polydopamine and its effect on photocatalytic degradation mechanism[END_REF]. The excellent physical and chemical properties of TiO2 materials endow them rich applications, and this spurs enormous research interest for decades [START_REF] Bavykin | The effect of hydrothermal conditions on the mesoporous structure of TiO2 nanotubes[END_REF][START_REF] Chen | Titanium dioxide nanomaterials: synthesis, properties, modifications, and applications[END_REF][START_REF] Zhang | Recent advances in the synthesis of hierarchically mesoporous TiO2 materials for energy and environmental applications[END_REF]. Since ten years ago, at least 10000 papers per year involving TiO2 have been published (based on the search result of Web of Science by using TiO2 as keyword). It is noted that, in the early stage, the attention was particularly paid on the exploration of different preparation methodologies of TiO2, including sol-gel method, hydrothermal/solvothermal method and hydrolysis method.

By contrast, recently the main interest seems shifting to the modification and application of diverse TiO2 nanostructures.

The physical and chemical properties of TiO2 are actually dominated by the morphology/structure, which is determined by the preparation strategy. Therefore, the morphology engineering of TiO2 has been long a hot spot in the community [START_REF] Katal | A review on the synthesis of the various types of anatase TiO2 facets and their applications for photocatalysis[END_REF].

One of the milestones is the discovery of anatase TiO2 with a large percentage of reactive (001) facets reported by Qiao et al. in 2008 [START_REF] Yang | Anatase TiO2 single crystals with a large percentage of reactive facets[END_REF]. Among the rich morphologies of TiO2, nanosheet outperforms its counterparts because of the following two aspects:

(1) two-dimensional (2D) materials can be used as effective building blocks to develop three-dimensional (3D) composites; (2) 2D materials have large surface area and rich active sites, which eventually serve as the perfect catalyst [START_REF] Sun | Atomically-thin two-dimensional sheets for understanding active sites in catalysis[END_REF]. Several studies have focused on the controlled synthesis of TiO2 nanosheets. The most-used process is delaminating layered protonic titanate, which is processed via a high-temperature solid-state reaction followed by an acid treatment [START_REF] Xiong | Two-Dimensional Unilamellar Cation-Deficient Metal Oxide Nanosheet Superlattices for High-Rate Sodium Ion Energy Storage[END_REF][START_REF] Sohn | Novel Flexible Transparent Conductive Films with Enhanced Chemical and Electromechanical Sustainability: TiO2 Nanosheet-Ag Nanowire Hybrid[END_REF][START_REF] Li | Two-Dimensional Layered Ultrathin Carbon/TiO2 Nanosheet Composites for Superior Pseudocapacitive Lithium Storage[END_REF]. However, such process is time-and energy-consuming. The second method is the so called "hard-template", using graphene oxide as template [START_REF] Li | General strategy to synthesize uniform mesoporous TiO2/graphene/mesoporous TiO2 sandwich-like nanosheets for highly reversible lithium storage[END_REF]. Recently, Zhao et al. [START_REF] Lan | Uniform Ordered Two-Dimensional Mesoporous TiO2 Nanosheets from Hydrothermal-Induced Solvent-Confined Monomicelle Assembly[END_REF] and Sun et al. [START_REF] Sun | Generalized self-assembly of scalable two-dimensional transition metal oxide nanosheets[END_REF] developed a surfactant-templated strategy using Pluronic P123 as soft template. As compared to the first two methods, such "soft-template" method has merits of tunable morphologies and easy processing. Whereas, the product is highly sensitive to the reaction conditions [START_REF] Zhang | Recent advances in the synthesis of hierarchically mesoporous TiO2 materials for energy and environmental applications[END_REF]. Inspired by the aforementioned progress, herein, we made a comprehensive and systematic investigation on the fabrication of TiO2 nanosheets in a reaction system composed of titanium isopropoxide as the source of Ti, Pluronic P123 as surfactant and ethylene glycol as co-surfactant under different solvothermal conditions. Our results showed that different synthetic parameters can allow for TiO2 materials with diverse geometries and crystal phases. The engineering of architectural diversity of TiO2 is achieved. The resultant nanosheets can form liquid crystalline structures after appropriate treatments.

Experimental

Preparation of TiO2 nanosheets

The TiO2 nanomaterials were prepared using a method similar to that reported by Sun et al. [START_REF] Sun | Generalized self-assembly of scalable two-dimensional transition metal oxide nanosheets[END_REF]. Two solutions were firstly prepared individually. Solution A: 1.1 mL of titanium isopropoxide (TTIP) was added into 0.63 mL concentrated hydrochloric acid under magnetic stirring. Solution B: 0.2 g Pluronic P123 (Mw=5800) was mixed with 3.8 mL pure ethanol until completely dissolved. Then, solution B was added into solution A under continuous stirring for at least 30 min. Afterward, 2.5 mL of the above mixed TTIP solution with 20 mL ethylene glycol (EG) were transferred into a Teflon-lined stainless steel autoclave (40 mL), which was then heated at 150 o C for 20 h. The products were centrifuged (8000 rpm) and then washed with ethanol, and eventually dried at 60 o C overnight in order to collect TiO2 powder.

A series of parallel experiments were performed based on the above synthetic protocol to evaluate the effect of different parameters on the TiO2 nanostructures.

For investigating the temperature effect, five reaction temperatures (120, 140, 170, 190, and 210 o C) were used respectively with all the other conditions unchanged. For the concentration of acid, different volumes of HCl acid were applied individually: 0 (0.63 mL of water), 0.4 mL (0.10 mol L -1 ), 0.63 mL (0.15 mol L -1 ), 1.3 mL (0.28 mol L -1 ), 2.3 mL (0.42 mol L -1 ), 3.3 mL (0.53 mol L -1 ) and 4.3 mL (0.62 mol L -1 ); For the type of acid, different acids (such as hydrochloric acid, sulfuric acid, nitric acid, and acetic acid (HAc)) were used respectively. The corresponding samples are denoted as TiO2-HCl, TiO2-HS, TiO2-HN, TiO2-HAc, respectively. For the concentration of P123, 0, 0.1 g, 0.2 g and 0.3 g were used, which corresponds to concentration of 0, 2 mg mL -1 ,4 mg mL - 1 , and 6 mg mL -1 , respectively. For the concentration of TTIP: 0.55 mL (0.041 mol L -1 ), 1.1 mL (0.075 mol L -1 ), 1.25 mL (0.082mol L -1 ), 1.65 mL (0.10 mol L -1 ) and 2.2 mL(0.12 mol L -1 ) TTIP.

Characterizations of TiO2 nanostructures

The transmission electron microscopy (TEM) images of achieved TiO2 nanostructures were recorded on a Hitachi H600 microscope operating at a voltage of 75 kV. The high-resolution transmission electron microscopy (HRTEM) images were obtained on a FEI Talos F2005 microscope operating at 120 kV. X-ray diffraction (XRD) tests were performed on a Rigaku Nanoviewer (XRF microsourcegenerator, MicroMax007HF) with a 1200W rotating anode coupled to a confocal Max-FluxOsmic Mirror (Applied Rigaku Technologies, Austin, USA) and a MAR345 image plate detector (MARResearch, Norderstedt, Germany). The liquid crystal phenomena were observed by optical microscopy under crossed polarizers (Leica DM 2500P).

Results and discussion

Influence of the reaction temperatures

To investigate the effect of reaction temperature, the autoclaves were heated at different temperatures for 20 h. As for the synthesis at 120 o C, we are failed to obtain any deposit after the centrifugation, indicating that this temperature is too low to trigger reactions to produce TiO2 materials. At 140 o C, very thin sheet-like samples are achieved, as demonstrated in Fig. 1a. When the temperature increases up to 150 o C, larger nanosheets could be achieved (Fig. 1b). As shown in Fig. 2, the surface of the nanosheet is not smooth and wrinkled. Two sets of lattice fringes could be detected, showing two interplanar spacings of 0.32 nm and 0.35 nm, which respectively correspond to the (110) plane of rutile and (101) plane of anatase TiO2 [START_REF] Li | General strategy to synthesize uniform mesoporous TiO2/graphene/mesoporous TiO2 sandwich-like nanosheets for highly reversible lithium storage[END_REF][START_REF] Sun | Continually adjustable oriented 1D TiO2 nanostructure arrays with controlled growth of morphology and their application in dye-sensitized solar cells[END_REF]. It should be also noted that, at this temperature, the produced nanosheets are poorly crystallized with many distorted lattices. At 170 o C, the sheet-like samples start to selfassemble into 3D nanostructures (Fig. 1c). At 190 o C, great changes in morphology occurs. As shown in Fig. 1d, the product is branched-like and dotted with very tiny sheets. [START_REF] Li | General strategy to synthesize uniform mesoporous TiO2/graphene/mesoporous TiO2 sandwich-like nanosheets for highly reversible lithium storage[END_REF][START_REF] Sun | Morphologycontrolled synthesis of TiO2/MoS2 nanocomposites with enhanced visible-light photocatalytic activity[END_REF], and the latter belongs to the (110) lattice of rutile (JCPDS 21-1276) [START_REF] Dai | Preparation of Highly Crystalline TiO2 Nanostructures by Acid-assisted Hydrothermal Treatment of Hexagonalstructured Nanocrystalline Titania/Cetyltrimethyammonium Bromide Nanoskeleton[END_REF].

With increasing the temperature, the XRD peaks become sharper, confirming that the crystallinity is raised. The fraction of rutile, fr, in the final product can be calculated using the following equation. [START_REF] Wu | Microemulsionmediated hydrothermal synthesis and characterization of nanosize rutile and anatase particles[END_REF] 𝑓

𝑟 = 1.26𝐼 𝑟 (𝐼 𝑎 + 1.26𝐼 𝑟 ) ⁄ (1) 
where Ir and Ia stand for the intensity of the ( 110) and ( 101 Solvothermal/hydrothermal temperature has great influence on the morphology, crystal size and catalytic activity of TiO2. [START_REF] Burungale | Studies on effect of temperature on synthesis of hierarchical TiO2 nanostructures by surfactant free single step hydrothermal route and its photoelectrochemical characterizations[END_REF][START_REF] Lopez Zavala | Synthesis of stable TiO2 nanotubes: effect of hydrothermal treatment, acid washing and annealing temperature[END_REF][START_REF] Santara | Impact of reaction temperature, stirring and cosolvent on the solvothermal synthesis of anatase TiO2 and TiO2/titanate hybrid nanostructures: Elucidating the growth mechanism[END_REF] The reaction temperature could affect the properties of the reaction solvent, such as viscosity and dielectric constant and the pressure of the reaction system, which in turn determines the growth rate/process of nanomaterial and consequently the physical and chemical properties of TiO2. Herein, the reaction solvent is composed of a large amount of EG, small amount of ethanol and water. Using chemical analysis software, we made a rough estimation on the bubbling point of the mixture, which is round 115 o C. Apparently, 120 o C is too low for the reaction to completely profit the merits of solvothermal synthesis. This is why no deposit after reaction at 120 o C was achieved. By contrast, with the increase of temperature, the reaction rate arises, and more powders could be produced. As for the nanosheet morphology, it is the P123 that plays a vital role, which will be discussed in detail in the following section. At high temperature (190 o C), the nanosheet transforms into nanorod, due to the fact that the large surface of nanosheet cannot maintain at high temperature and split into nanorod. nanostructures. In detail, as there is no acid, the product presents many aggregations (Fig. 4a). With 0.10 mol L -1 of HCl acid, small sized nanosheets are produced (Fig. 4b).

As rising to 0.15 mol L -1 , big-sized nanosheets with good dispersion can be found in Fig. 4c. With 0.28 mol L -1 , the nanosheet starts to self-assemble (Fig. 4d). With 0.42 mol L -1 or even more acids, 3D hierarchical structures composed of nanosheets are obtained (Fig. 4e-f).

The crystal structure of selected products are studied and their XRD patterns are displayed in Fig. 5. Without adding any acid, the product is basically amorphous, which is evidenced by an extremely wide peak. By contrast, with the presence of acids, the resultant products show a mixture of anatase as the major phase and rutile as the The influence of HCl acid is realized by controlling the hydrolysis and polycondensation of titanium alkoxides. [START_REF] Wu | Sol-Hydrothermal Synthesis and Hydrothermally Structural Evolution of Nanocrystal Titanium Dioxide[END_REF][START_REF] Mahshid | Synthesis of TiO2 nanoparticles by hydrolysis and peptization of titanium isopropoxide solution[END_REF] In the presence of water, TTIP can proceed the following reactions:

Ti(OR) 4 + 4H 2 O → Ti(OH) 4 + 4ROH (hydrolysis) (2) Ti(OH) 4 → TiO 2 • xH 2 O + (2 + O)H 2 O (condensation) (3) 
Where R stands for iso-propyl. If no acid, the formed product via Equation ( 3) is amorphous hydrous oxide. This agrees well with the XRD results (Fig. 5). During the preparation of the mixture of Solution A and Solution B, it turns even more transparent when more acid is added. The precipitation can transform into different crystal structures and different morphologies in response to the detailed experimental conditions. Lillo-Ródenas et al. [START_REF] Cano-Casanova | One step hydrothermal synthesis of TiO2 with variable HCl concentration: Detailed characterization and photocatalytic activity in propene oxidation[END_REF] reported that the TiO2 phase composition changes with the HCl acid concentration. The percentage of anatase present a U curve with the rise of HCl acid, while the percentage of rutile and brookite behaves in an opposite way. Sakai et al. [START_REF] Dai | Preparation of Highly Crystalline TiO2 Nanostructures by Acid-assisted Hydrothermal Treatment of Hexagonalstructured Nanocrystalline Titania/Cetyltrimethyammonium Bromide Nanoskeleton[END_REF] have made similar conclusions. Our results agree partly with the above two cases, but agree well with that reported by Wu et al. [START_REF] Wu | Sol-Hydrothermal Synthesis and Hydrothermally Structural Evolution of Nanocrystal Titanium Dioxide[END_REF].

Influence of the type of acid

The type of acid can affect the microstructure of TiO2. As reported, the TiO2 colloids prepared in acetic acid contain more [101] face than that in nitric acid [START_REF] Zaban | The effect of the preparation condition of TiO2 colloids on their surface structures[END_REF].

Besides HCl acid, three other common acids: sulfuric acid, nitric acid and HAC were also used to investigate the effect of acid types. The TEM images and XRD patterns were respectively shown in Fig. 6 and Fig. 7. Great difference could be found in terms of the morphologies, as changing the acid. TiO2-HAc is a mixture composed of small nanosheets and nanorods. TiO2-HS exhibits layered structure and TiO2-HN displays a shape of tiny nanosheet. The type of acid can also influence the crystal structure of TiO2. Wu et al. [START_REF] Wu | Sol-Hydrothermal Synthesis and Hydrothermally Structural Evolution of Nanocrystal Titanium Dioxide[END_REF] reported that in the reaction system composed of titanium n-butoxide and acid under hydrothermal conditions, the product was rutile in HCl, a mixture of rutile and anatase in HNO3, anatase in H2SO4 or HAc. Khalil et al. [START_REF] Khalil | Titania nanoparticles by acidic peptization of xerogel formed by hydrolysis of titanium(IV) isopropoxide under atmospheric humidity conditions[END_REF] also made a similar conclusion that H2SO4 or HAc stabilizes anatase, while HNO3 benefits the formation of rutile. In our case, as shown in Fig. 7, H2SO4 leads to amorphous state of TiO2, HNO3 leads to anatase TiO2, and HCl or HAc results in the formation of a mixture of rutile and anatase. The diversity of these reports can be attributed to the differences and complexity of the experimental system/conditions. Fig. 7 XRD patterns of TiO2 samples prepared using different acid under 150 o C.

Influence of P123 concentration

The influence of the P123 concentration in the reaction system was also evaluated.

When there is no P123, some irregular plates or aggregation particles are formed (Fig. 8a). As introducing 2 mg mL -1 of P123, it is found that the dominated nanosheet morphology is dotted with few particles (Fig. 8b). With continuing raising P123 content up to 4 mg mL -1 , as shown in Fig. 1b, nanosheets are produced. When 6 mg mL -1 of P123 is added, the nanosheet morphology is partly damaged into uneven flakes (Fig. 8c). In the reaction system, the Ti-oligomers are confined in the inverse lamellar micelles stabilized by the surfactant P123 and co-surfactant EG [START_REF] Sun | Generalized self-assembly of scalable two-dimensional transition metal oxide nanosheets[END_REF], both of which work as the structure-directing agent. To form the lamellar micelle, it is required that the concentration of P123 should be around the critical micelle concentration (CMC).

Therefore, if the amount of P123 is too low (<0.2 g), the nanosheet cannot be obtained.

P123 plays an important role in the formation of the nanosheet structure of TiO2.

Fig. 8 TEM images of TiO2 samples prepared using different concentrations of P123:

(a) no P123, (b) 2 mg mL -1 , (c) 6 mg mL -1 . When 0.041 mol L -1 of TTIP is added, the obtained TiO2 presents a 3D hierarchical structure (Fig. 9a). 0.075-0.082mol L -1 of TTIP (Fig. 1b and Fig. 9b) leads to nanosheet morphology, and the latter nanosheet seems even more uniform. Aggregations of nanoflakes and nanowires are produced with 0.10 mol L -1 of TTIP (Fig. 9c). Finally, the long nanowires and nanoparticles dominate when 0.12 mol L -1 of TTIP is used (Fig. 9d).

Influence of the concentration of TTIP

The precursor concentration has multiply effect on the prepared TiO2. It can affect the crystal phase. According to Wu's study [START_REF] Wu | Sol-Hydrothermal Synthesis and Hydrothermally Structural Evolution of Nanocrystal Titanium Dioxide[END_REF], a lower concentration of titanium produced the sample with higher fraction of rutile phase of TiO2. As reported in literature [START_REF] Akhavan Sadr | In situ sonosynthesis of nano TiO2 on cotton fabric[END_REF][START_REF] Muniandy | Green synthesis of mesoporous anatase TiO2 nanoparticles and their photocatalytic activities[END_REF], more TTIP benefits the crystalline structure of TiO2. Djouadi et al. [START_REF] Chelbi | Effects of Ti-precursor concentration and annealing temperature on structural and morphological properties of TiO2 nano-aerogels synthesized in supercritical ethanol[END_REF] reported that the rise of sol concentration could affect the TiO2 cell parameters. The precursor concentration can also affect the morphology. Joo et al. [START_REF] Moon | Controllable one-pot synthesis of uniform colloidal TiO2 particles in a mixed solvent solution for photocatalysis[END_REF]reported that the average diameter of TiO2 particle could be adjusted from 120 nm to 900 nm by controlling the concentration of titanium butoxide . Besides shape, the surface area and pore volume can be modified by the precursor concentration. [START_REF] Chelbi | Effects of Ti-precursor concentration and annealing temperature on structural and morphological properties of TiO2 nano-aerogels synthesized in supercritical ethanol[END_REF] In our case, with the variation of TTIP concentration, great changes occurs in the morphology. The reaction temperature and time is the same for these samples, therefore, such change in shape can only be induced by the kinetics. As aforementioned in Section 3.2, when different concentrations of TTIP is introduced, the reaction (2, 3) could undergo at different rates. With less TTIP, the reaction rate might be slow, and with the help of P123, the nanosheet morphology can be maintained. With more TTIP, in one aspect, the reaction rate might be fast , and hydrolysis-condensation could occur in preferential growth direction, forming nanowires [START_REF] Cozzoli | Low-temperature synthesis of soluble and processable organic-capped anatase TiO2 nanorods[END_REF]. In the other aspect, more nuclei breaks the balance of the P123 micelle, induces the aggregative growth of TiO2 [START_REF] Wang | Kinetics and Mechanisms of Aggregative Nanocrystal Growth[END_REF], and leads to the aggregation or transformation from nanosheet to nanowire. To gain a better understanding of the formation process of the nanosheet structure, time-dependent experiments were also performed. The shape evolution was studied by TEM (Fig. 10). The tiny nanosheet product forms within 4 h. With another 4 h, the tiny nanosheet continues to grow into big nanosheet. From 12 h until 24 h, there is little change in the morphology, indicating that the dominate parameters that affect the shape is the self-assembly with the assistance of P123 and EG. With up to 30 h, the big nanosheet disappears, which is decomposed/dissolved into small particles with lateral size of about 11 nm. This might be caused by the high surface energy of the large surface area at high temperate for long time. In general, the morphology of TiO2 changes from tiny/thin nanosheet to big/thick nanosheet, to curved nanosheet, and finally to small nanoparticles with prolonging the reaction time.

Influence of the reaction time

The formation of the tiny nanosheet at the initial stage confirms the key role of P123 surfactant. It is with the help of P123 that the TiO2 nucleation can grow with the pattern of orientation and consequently form nanosheets [START_REF] Hu | Controllable synthesis and formation mechanism of 3D flower-like TiO2 microspheres[END_REF]. Principally, relatively larger nanosheet could be formed based on the growth and assembly of primary tiny nanosheets by reducing their total surface energy. At final stage, the nanosheet is too huge to maintain its morphology. Again, to maintain the minimum energy of the reaction system, thick/curved nanosheet dissolved. Based on the above analysis, it can be concluded that the whole synthesis process of TiO2 nanosheets includes selfassembly, orientation growth, and Ostwald ripening [START_REF] Tsai | Effects of size and shell thickness of TiO2 hierarchical hollow spheres on photocatalytic behavior: An experimental and theoretical study[END_REF].

Brief summary of preparation

Based on the above experimental results, we could obtain TiO2 with adjustable crystal phase and morphology in the reaction system composed of titanium isopropoxide as titanium source, P123 as structure-directing agent, ethylene glycol as co-surfactant and solvent under different solvothermal conditions. From the aspect of crystal structure, all the synthesized samples have a mixed phase of rutile and anatase.

Their difference lies in the variation of molar ratio of the two phases, which is determined by the reaction temperature and the amount of acid. As photo-catalyst, the mixed phase of TiO2 gives rise to a better activity than single phase. From the point of crystallinity, the prepared TiO2 showed relatively low crystallinity according to the XRD patterns, indicating that they might have oxygen vacancies. In terms of the morphology, we can control the dimension of TiO2 from 2D to 3D simply by changing the concentration of HCl acid. The best 3D TiO2 is the one obtained with the HCl acid concentration between 0.28 mol L -1 and 0.42 mol L -1 . In some cases, the 3D TiO2 constructed using nanosheets as units can exhibit superior structure stability. We can also adjust the size of the TiO2 nanosheet, some are very tiny (the sample prepared at 150 o C for 4 h), some are very large (the sample prepared at 150 o C for 20 h). The samples in Fig. 1b and Fig. 9b are the best nanosheets with proper size. The richness of the products under different conditions endows them good candidates for various target applications. Therefore, our results provide good reference for the future controlled synthesis of TiO2 nanostructures.

Formation of liquid crystal phase

The liquid crystal (LC) phase based on inorganic material especially metal oxides is an interesting topic. The phenomena of liquid crystal dates back to the last century.

From the aspect of shape, up to now, nanorod (Fe3O4 [START_REF] Constantin | Lyotropic lamellar phase doped with a nematic phase of magnetic nanorods[END_REF][START_REF] Klöckner | Liquid crystalline phases from polymer functionalized ferri-magnetic Fe3O4 nanorods[END_REF], FeOOH [START_REF] Wang | Magnetically actuated liquid crystals[END_REF][START_REF] Vroege | Smectic liquid-crystalline order in suspensions of highly polydisperse goethite nanorods[END_REF], SiO2 [START_REF] Xu | Liquid crystalline phase behavior of silica nanorods in dimethyl sulfoxide and water[END_REF],

TiO2 [START_REF] Kanie | Organic-Inorganic Hybrid Liquid Crystals: Hybridization of Calamitic Liquid-Crystalline Amines with Monodispersed Anisotropic TiO2 Nanoparticles[END_REF][START_REF] Meuer | Liquid Crystals from Polymer-Functionalized TiO2 Nanorod Mesogens[END_REF][START_REF] Dessombz | Design of liquid-crystalline aqueous suspensions of rutile nanorods: evidence of anisotropic photocatalytic properties[END_REF], ZnO [START_REF] Kubo | Surface-assisted unidirectional orientation of ZnO nanorods hybridized with nematic liquid crystals[END_REF][START_REF] Srikantharajah | From evaporation-induced self-assembly to shear-induced alignment[END_REF]) and platelet (clay [START_REF] Hemmen | The Isotropic-Nematic Interface in Suspensions of Na-Fluorohectorite Synthetic Clay[END_REF][START_REF] Paineau | Liquid-crystalline nematic phase in aqueous suspensions of a disk-shaped natural beidellite clay[END_REF][START_REF] Gabriel | Observation of Nematic Liquid-Crystal Textures in Aqueous Gels of Smectite Clays[END_REF], Al(OH)3 [START_REF] Verhoeff | Liquid crystal phase transitions in systems of colloidal platelets with bimodal shape distribution[END_REF][START_REF] Kleshchanok | Lyotropic smectic B phase formed in suspensions of charged colloidal platelets[END_REF][START_REF] Ohno | Polymer-brush-decorated colloidal platelets: precision synthesis and self-assembly[END_REF], Ni(OH)2 [START_REF] Qazi | Alignment of dispersions of plate-like colloidal particles of Ni(OH)2 induced by elongational flow, The journal of physical chemistry[END_REF][START_REF] Brown | Ordered phase of platelike particles in concentrated dispersions[END_REF],

niobate [START_REF] Miyamoto | Liquid Crystalline Nature of K4Nb6O17 Nanosheet Sols and Their Macroscopic Alignment[END_REF][START_REF] Nakato | Electrooptic Response of Colloidal Liquid Crystals of Inorganic Oxide Nanosheets Prepared by Exfoliation of a Layered Niobate[END_REF]) are the most reported building blocks for LC. Compared with nanoplatelet, the nanosheet has even larger aspect ratios. Therefore, we made a preliminary study on the LC formed by the prepared TiO2 nanosheet. The sample was first under ultrasonic in a bath-type instrument for 5 min, then centrifuged at 3000 rpm for 5 min to remove the bottom precipitate. The supernatant was centrifuged again at 8500 rpm for 30 min to obtain the precipitation. The morphology was observed by TEM as shown in Fig. 11a-c. From the image, we can clearly see the uniform thin film assembled by the TiO2 nanosheet, which is different to the morphology before acid treatment (Fig. 9b). As demonstrated by the HRTEM image (Fig. 11d), the anatase and rutile phase are observed. 

Conclusion

Through rational design, a series of TiO2 nanostructures with continually adjustable shape, size, and crystal structures were synthesized via solvothermal process. The crystalline phases and morphologies of TiO2 were proved to be affected by reaction temperature/time, the amount of acid, the type of acid, the amount of P123 and TTIP. The variation of the experimental conditions can lead to significant change in the morphology, dimensionalities and crystal phase of TiO2. The nanosheet TiO2 was successfully fabricated, and further treated using nitric acid to form LC phase.

This family of well-controlled TiO2 nanosheet has potential to be used as dielectric filler in polymer composites, or as photocatalyst/heterocatalyst.
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 1 Fig. 1 TEM images of TiO2 samples at different reaction temperatures.
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 2 Fig. 2 HRTEM images of TiO2 prepared at 150 o C.
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 3 Fig.3 XRD patterns of TiO2 samples achieved at different reaction temperatures.
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 324 Fig. 4 TEM images of TiO2 samples prepared using different concentrations of HCl acid: (a) no acid; (b) 0.10 mol L -1 ; (c) 0.15 mol L -1 ; (d) 0.28 mol L -1 ; (e) 0.42 mol L -1 ; (f) 0.53mol L -1 .
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 5 Fig.5 XRD patterns of TiO2 samples achieved with different concentrations of HCl acid.
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 6 Fig.6 TEM images of TiO2 samples prepared using different acids at 150 o C.
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 9 Fig. 9 TEM images of TiO2 samples prepared with different concentrations of TTIP: (a), 0.041 mol L -1 ; (b) 0.082mol L -1 ; (c) 0.10 mol L -1 ; (d) 0.12 mol L -1 .
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 10 Fig.10 TEM images of TiO2 samples prepared during different reaction time at 150 o C.
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 11 Fig.11 (a-c) TEM and (d) HRTEM images of TiO2 nanosheet used for liquid crystal formation study.
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 12 Fig.12 Optical images between crossed polarizers with magnification of (a) 4, (b)10, and (c) 40.
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