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Finding efficient templates for the nanostructuring of materials is a key point. Here, the niobium (V) -and tantalum (V) oxide ceramics nanopowders have been synthesized by a hard-templating approach by using the tricalcium phosphate biomaterial (Ca3(PO4)2.xH2O) as template agent. The oxide ceramics were investigated by X-ray Diffraction (XRD), Fourier Transform Infrared (FTIR) spectroscopy, nitrogen physisorption and Scanning Electron Microscopy (SEM). It was observed that the surface properties (specific surface areas, pore volumes) of the Nb2O5 and Ta2O5 powders were strongly dependent of the amount of the Ca3(PO4)2.xH2O template previously used in the preparation of the [oxide ceramics/template] composites. For instance, with a Ca3(PO4)2.xH2O/ceramic salt weight ratio ranging from 0 to 1, the specific surface areas of Nb2O5 and Ta2O5 were gradually enhanced of 48 to 166 m2/g and 5 to 84 m2/g, respectively. The pore volumes were increased as well. The use of the eco-friendly tricalcium phosphate material (Ca3(PO4)2.xH2O) as template in the hard-templating approach may be suitable and efficient in the aim of synthesizing materials with enhanced surface properties.

Introduction

Niobium (Nb) and tantalum (Ta) pentoxides, ceramics made of two major group V transition metals, exhibit some interesting properties such as good chemical stabilities in particular in acidic environments, high melting points (T Nb2O5 = 1512 °C, T Ta2O5 = 1784 °C), high refractive indexes (n Nb2O5 = 2.33, n Ta2O5 = 2.27) and wide energy band gaps (Eg Nb2O5 = 3.4 eV, Eg Ta2O5 = 3.8 eV). Since few years, these ceramics attract growing interest thanks to some of these properties making them promising candidates for numerous potential applications. For instance, Nb 2 O 5 niobium (V) oxide and Ta 2 O 5 tantalum (V) oxide can be used in the fields of catalysis (selective oxidation of hydrocarbons, aldol condensation of ketone…) [START_REF] Ushikubo | Recent topics of research and development of catalysis by niobium and tantalum oxides[END_REF][START_REF] Paulis | Preparation and characterization of niobium oxide for the catalytic aldol condensation of acetone[END_REF][START_REF] Guo | Preparation of mesoporous tantalum oxide and its enhanced photocatalytic activity[END_REF][START_REF] Sreethawonga | Facile surfactant-aided sol-gel synthesis of mesoporous-assembled Ta 2 O 5 nanoparticles with enhanced photocatalytic H 2 production[END_REF], of hydrogen storage [START_REF] Bhat | High surface area niobium oxides as catalysts for improved hydrogen sorption properties of ball milled MgH 2[END_REF], of electrochromism (lithium insertion/extraction process) [START_REF] Ozer | Preparation and properties of spin-coated Nb 2 O 5 films by the sol-gel, process for electrochromic applications[END_REF] and as sensors (oxygen, humidity) [START_REF] Ohtaki | Oxygen sensing properties of Ti-doped Nb 2 O 5[END_REF][START_REF] Gimon-Kinsel | Pulsed laser deposition of mesoporous niobium oxide thin films and application as chemical sensors[END_REF], domains where the structuring of the material at nanoscale and the development of its porosity are essential to achieve optimal performance. Among the different physical or chemical approaches addressed to assign such properties to materials, the use of templates is seen as a successful strategy. Two kinds of templates can be used; the soft templates (polymers, surfactants) and the hard exo-templates (mesoporous silicas and carbons, alumina membranes, zeolithes…) or endo-templates (colloidal silica dispersions, polystyrene and polymethylmethacrylate beads…) which can be removed by means of a specific treatment to release porosity and thus evolve into complex architectures exhibiting unique surface properties.

For instance, regarding the soft-templated synthesis, niobium (V) and tantalum (V) oxide ceramics may be prepared by using different organic structure-directing agents such as (i) poly(alkylene oxide) symmetric triblock copolymers (PEO-PPO-PEO as P-123, F-127) [START_REF] Yang | Generalized syntheses of large-pore mesoporous metal oxides with semicrystalline frameworks[END_REF][START_REF] Katou | Synthesis of 2D-hexagonally ordered mesoporous niobium and tantalum mixed oxide[END_REF][START_REF] Guo | In situ carbonization of a soft-template to directly synthesize crystalline mesoporous metal oxides with high surface areas[END_REF][START_REF] Ismail | Synthesis of mesoporous sulfur-doped Ta 2 O 5 nanocomposites and their photocatalytic activities[END_REF][START_REF] Shirokura | Synthesis of crystallized mesoporous transition metal oxides by silicone treatment of the oxide precursor[END_REF][START_REF] Noda | Synthesis of crystallized mesoporous tantalum oxide and its photocatalytic activity for overall water splitting under ultraviolet light irradiation[END_REF], (ii) a poly(styrene-b-2-vinyl-1-methylpyridinium iodide-b-ethylene oxide) asymmetric triblock copolymer (PS-b-PVMP-b-PEO) [START_REF] Liu | Synthesis of hollow metal oxide nanospheres by templating polymeric micelles with core-shell-corona architecture[END_REF], (iii) poly(isoprene-block-b-ethylene oxide) (PI-b-PEO) and poly(ethylene-cobutylene-b-poly ethylene oxide) (PEB-b-PEO as KLE) diblock copolymers [START_REF] Lee | Direct access to thermally stable and highly crystalline mesoporous transition-metal oxides with uniform pores[END_REF][START_REF] Brezesinski | Pseudo capacitive contributions to charge storage in highly ordered mesoporous group V transition metal oxides with iso-oriented layered nanocrystalline domains[END_REF], (iv) a poly(ethylene glycol) stearyl ether copolymer (Brij-76) [START_REF] Macıas | Electrospun mesoporous metal oxide fibers[END_REF], (vi) a quaternary ammonium surfactant (cetyltrimethylammonium bromide or CTAB) [START_REF] Guo | Preparation of mesoporous tantalum oxide and its enhanced photocatalytic activity[END_REF] and (vii) primary amines molecules (1,12-diaminododecane, lauryl-amine, octadecyl-amine…) [START_REF] Sun | Synthesis of microporous transition metal oxide molecular sieves with bifunctional templating molecules[END_REF][START_REF] Sreethawong | Facile surfactant-aided sol-gel synthesis of mesoporous-assembled Ta 2 O 5 nanoparticles with enhanced photocatalytic H 2 production[END_REF][START_REF] Takahara | Mesoporous tantalum oxide -characterization and photocatalytic activity for the overall water decomposition[END_REF]. In most cases, Nb 2 O 5 and Ta 2 O 5 materials with significant surface properties are obtained. However, the materials exhibit amorphous pore walls and low thermal stabilities thus limiting their applicative potential. A post heat treatment is then need to crystallize the pore walls thus leading to a significant decrease of the surface properties.

Concerning the hard-templated route, less developed than the previous one for the current case, the synthesis of niobium (V) and tantalum (V) oxide ceramics may be synthesized by using (i) threedimensionally (ordered or not) macroporous architectures made of self-assembly of polystyrene beads [START_REF] Orilall | Highly crystalline inverse opal transition metal oxides via a combined assembly of soft and hard chemistries[END_REF][START_REF] Li | Fabrication and characterization of three-dimensionally ordered macroporous niobium oxide[END_REF][START_REF] Xin | Fabrication of three-dimensionally ordered macroporous Ta 2 O 5 films through aqueous organic gel process[END_REF][START_REF] Huang | Layer-by-layer assembly of TaO 3 nanosheet/polycation composite nanostructures: multilayer film, hollow sphere, and its photocatalytic activity for hydrogen evolution[END_REF], (ii) activated carbon [START_REF] Grewe | Activated-carbon-templated crystalline tantalates for photocatalytic water splitting[END_REF] and (iii) ordered mesoporous silica materials such as SBA-15 and FDU-1 [START_REF] Nowak | Hard'' vs. ''Soft'' templating synthesis of mesoporous Nb 2 O 5 catalysts for oxidation reactions[END_REF]. From this hard-template approach, the pore walls of the as-prepared Nb 2 O 5 and Ta 2 O 5 materials are well-crystallized since higher temperatures may be reached during the process without risking of losing the nanodimensions and the porous character of the materials. However, if with exotemplates, ordered porous materials can be prepared, the low yield and the high cost of the templates are real drawbacks for an up-scaling. These last facts may be reasonably avoided with the use of endotemplates such as, for example, marketed cheap silica colloidal suspensions [START_REF] Gibot | Porous WS 2 and W 2 N powders by hard templating with colloidal silica[END_REF][START_REF] Gibot | Synthesis of WO 3 nanoparticles for superthermites by the template method from silica spheres[END_REF].

Herein, an efficient route is reported for the synthesis of niobium (V) and tantalum (V) oxide materials exhibiting tunable surface properties. The synthetic route is a so called endo-hard-templating approach where alkoxydes are selected as ceramic reagents and the role of the hard template carried out by the tricalcium phosphate biomaterial. For us, the commercial availability of the template in different sizes, at low cost, its readily removal and its environmentally friendly trait, make of its use a promising and competitive alternative in the constant research of new templates for the synthesis of large surface areas materials.

Experimental section

The syntheses were performed with commercially available reagents without further purification. Niobium (+V) ethoxide (Nb(OCH 2 CH 3 ) 5 , 99.95%), tantalum (+V) ethoxide (Ta(OC 2 H 5 ) 5 , 99.98%), tricalcium phosphate hydrate (Ca 3 (PO 4 ) 2 .xH 2 O, < 200 nm, reagent grade) and ethyl alcohol (C 2 H 5 OH, reagent grade) were all purchased from Sigma Aldrich. Hydrochloric acid (HCl, 37%) was obtained from Prolabo.

The typical synthesis procedure inspired by [START_REF] Gibot | Ca 3 (PO 4 ) 2 biomaterial: A non-toxic template to prepare highly porous Cr 2 O 3[END_REF] was as follows: 200 µL of Nb(OCH 2 CH 3 ) 5 and Ta(OCH 2 CH 3 ) 5 starting materials were added to 25 mL of ethyl alcohol and stirred for 10 min. Precise amounts of non-porous spherical Ca 3 (PO 4 ) 2 .xH 2 O template particles (Supporting Information S1) were added to each solution to adjust the template/alkoxyde weight ratio to 1/3, 2/3 and 1. The suspensions were homogenised by magnetic stirring for 1 hour before to be stored under a fume hood overnight.

After room temperature ethyl alcohol removal, the obtained composites were grounded in a mortar and heat treated at 500 °C (2.5 °C/min) in air atmosphere for 2 hours, minimal thermal conditions for synthesizing crystallized materials, in particular for niobium-based ceramics, without formation of calcium niobate (Ca x Nb y O z ) or calcium tantalate (Ca x Ta y O z ). The resulting powders were washed with hydrochloric acid (1 M) overnight to remove the template particles. The products were isolated by centrifugation, washed with water and acetone before dried at 80 °C. Subsequent calcination at higher temperature (750 °C, 2h, 2.5 °C/min) was performed on the tantalum-based products to lead to their crystallisation. Finally, the samples were denoted Nb 2 O 5 -CaP X or Ta 2 O 5 -CaP X where CaP and X refer to the calcium phosphate biotemplate and X the Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratio (X = 1/3, 2/3 and 1). Reference samples (Nb 2 O 5 and Ta 2 O 5 ) were prepared following the same experimental procedure except with the use of calcium-based template particles (X = 0).

Crystal structures of the pristine materials were investigated by using a Bruker D8 Advance diffractometer (Cu K radiation) operating at 40 kV -40 mA. A step size of 0.01° was applied to record the diffraction patterns in the 2 range of 10-80°. The surface properties of the niobium-and tantalum-based powders were determined from nitrogen sorption measurements conducted at -196 °C on outgassed samples (200 °C, 6 hours) by means of a Micromeritics ASAP 2020 device. The Specific Surface Areas (SSA) were determined according to the Brunauer-Emmet-Teller (BET) method in the 0.05 -0.25 relative pressure range and the total pore volumes (V p ) were estimated from the quantity of nitrogen gas adsorbed at a relative pressure of 0.99. The microstructures of the powders were examined using a FEI Nova NanoSEM 450 scanning electron microscope operating at 15 kV. Prior to the examination, the samples were coated with a thin layer of gold with a Desk II TSC Denton Vacuum spray apparatus.

Results and Discussion

The crystal structures of the hard-biotemplated niobium (V) and tantalum (V) oxide ceramics, in particular, those synthesized with a Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratio (X) of 1, are shown in Figures 1B and2B, respectively. The XRD patterns of the reference samples (X = 0) were also presented for comparison (Figure 1A and2A). The pristine materials were identified as Nb 2 O 5 niobium (V) oxide and Ta 2 O 5 tantalum (V) oxide, respectively. The diffraction peaks were indexed in a pseudo-hexagonal system for the Nb 2 O 5 material and in an orthorhombic structure with a Pmm2 space group for the Ta 2 O 5 material, as described in the international crystallographic cards No 28-0317 and No. 25-0922, respectively. As the X value increases, the diffraction peaks are less intense and broader with the presence of an amorphous phase (nonlinear baseline) than for niobium (V)-and tantalum (V) oxides synthesized free of template (X = 0, Figure 1A and2A). This observation suggests the formation of material less crystallized and made of particles with smaller crystallites or coherent diffraction domains. This lower crystallinity may be explained by a confinement effect induced by the calcium phosphate template, characterized by a low thermal conductivity, leading the niobium and tantalum salts to be less exposed to the heating treatment need to their decompositions and the crystallisation of the reaction products. The Nb-and Ta-salt are less exposed to the heating when they are mixed with a high amount of Ca 3 (PO 4 ) 2 nanoparticles (X = 1) than with no template (X = 0). As the crystallinity depends on the heating temperature, the more the amount of Ca 3 (PO 4 ) 2 is, the less the crystallinity of the Nb 2 O 5 and Ta 2 O 5 materials is. Consequently, to totally crystallize the niobium-and tantalum-based products, the powders were subsequently calcined at higher temperatures while maintaining an oxidizing atmosphere. The corresponding X-ray diffraction patterns are presented in Figure 1C 3 and4, respectively. For the free templated-synthesized ceramics (Figures 3A and4A), the isotherms may be identified as type-IV isotherms coupled to a H2 hysteresis loop supporting the idea that materials exhibit a mesoporosity with a complex pore structure. For samples prepared with template and achieved by means of different heat treatments, the corresponding isotherms are shown on Figures 3B, 3C andFigures 4B, 4C. The different curves can be described as type-IV isotherms with H3 hysteresis loops. The presence of larger pores (> 50 nm, macroporosity), suggested by capillary condensation at relatively high relative pressure coupled to a saturation not clearly visible, was confirmed by pore size distribution (PSD) calculated by means of the Brunauer-Jarrett-Halenda (BJH) model applied to the desorption branches of the nitrogen isotherms. The PSD curves of the Nb 2 O 5 and Ta 2 O 5 materials prepared with X = 1 at 650°C and 850°C, respectively were inserted in Figure 3 and4. The PSD profiles are very wide with pores sizes ranged from 10 to 100 nm in both cases. As it can also be seen, the hysteresis loops, originated by the superposition/difference of the adsorption and desorption branches, for both oxides increases with the amount of tricalcium phosphate hydrate template used (Figures 3B and4B) illustrating a gain of porosity for the materials. The different properties data of the Nb 2 O 5 and Ta 2 O 5 , namely the specific surface areas and pore volumes, are gathered in Table 1.

Table 1:

Surface properties of the (semi-)crystalline Nb 2 O 5 and Ta 2 O 5 ceramics synthesized by means of a hard-biotemplated approach and after the tricalcium phosphate template removal. * determined from the BJH method for pores below 100 nm. The error on the measurements of the S BET and V p is of ± 5 and ± 10 %, respectively. With a Ca 3 (PO 4 ) 2 .xH 2 O/ceramic precursor weight ratio ranging from 1/3 to 1, the specific surface areas were gradually increased from 106 to 166 m 2 /g and 30 to 84 m 2 /g for Nb 2 O 5 and Ta 2 O 5 ceramics, respectively while values of 49 and 5 m 2 /g characterize the powders synthesized without the use of templates. Same trend was also observed for the pore volumes were the highest values of 0.86 and 0.72 cm 3 /g were obtained for Nb 2 O 5 and Ta 2 O 5 powders elaborated at 500°C and 750°C with a Ca 3 (PO 4 ) 2 .xH 2 O/ceramic precursor weight ratio of one. No porosity were determined for both oxides synthesized free of calcium-based template. For pure crystalline niobium and tantalum oxide ceramic phases, i.e. after heat treatment at 650 °C and 850 °C respectively, the surface properties are lower but remains clearly superior to these determined for their counterparts synthesized without template at 500°C and 750°C as mentioned in the Table 1 and clearly visible in the Figure 3C and4C, respectively. These lower values of specific surface areas and pore volumes can be explained by a growth of the particles and a pore filling originating from a classical diffusion phenomenon of the matter with the temperature raising. To remember, the porosity of the materials was released by the calcium-based template particles removal. Everything points out to the fact that the Ca 3 (PO 4 ) 2 mineral as template efficiently acts to modulate the surface properties of oxides ceramics materials prepared by a hard-templated approach.

Compared to similar hard-templated methods, mentioned in the literature, our method is very competitive since values of specific surface areas of 10 to 51 m 2 /g and 90 m 2 /g coupled to pore volumes of 0.05 to 0.20 cm 3 /g and 0.32 cm 3 /g were obtained for crystallized Nb 2 O 5 and Ta 2 O 5 samples, respectively, synthesized from SBA-15, FDU-1 mesoporous silica matrices [START_REF] Nowak | Hard'' vs. ''Soft'' templating synthesis of mesoporous Nb 2 O 5 catalysts for oxidation reactions[END_REF] and activated carbon [START_REF] Grewe | Activated-carbon-templated crystalline tantalates for photocatalytic water splitting[END_REF]. Moreover, our process exhibit some advantages compared to the previously quoted methods as higher yields in term of nanostructured powder and also that the tricalcium phosphate template is cheaper than some of the suggested templates in particular the mesoporous silica materials. Now regarding the different experimental procedures evolved in the literature according to a softtemplated approach which is considered more performing in the synthesis of large surface properties materials, our results can be qualified as intermediate or higher in particular in the case of the pore volumes (V p ). In fact, the data given in the literature for the Nb 2 O 5 are ranged from 125 to 196 m 2 /g and 0.25 to 0.50 cm 3 /g [START_REF] Yang | Generalized syntheses of large-pore mesoporous metal oxides with semicrystalline frameworks[END_REF][START_REF] Guo | In situ carbonization of a soft-template to directly synthesize crystalline mesoporous metal oxides with high surface areas[END_REF][START_REF] Lee | Direct access to thermally stable and highly crystalline mesoporous transition-metal oxides with uniform pores[END_REF] and for Ta 2 O 5 between 13 to 117 m 2 /g and 0.1 to 0.18 cm 3 /g [START_REF] Guo | In situ carbonization of a soft-template to directly synthesize crystalline mesoporous metal oxides with high surface areas[END_REF][START_REF] Ismail | Synthesis of mesoporous sulfur-doped Ta 2 O 5 nanocomposites and their photocatalytic activities[END_REF][START_REF] Shirokura | Synthesis of crystallized mesoporous transition metal oxides by silicone treatment of the oxide precursor[END_REF][START_REF] Guo | Preparation of mesoporous tantalum oxide and its enhanced photocatalytic activity[END_REF][START_REF] Sun | Synthesis of microporous transition metal oxide molecular sieves with bifunctional templating molecules[END_REF][START_REF] Sreethawong | Facile surfactant-aided sol-gel synthesis of mesoporous-assembled Ta 2 O 5 nanoparticles with enhanced photocatalytic H 2 production[END_REF][START_REF] Takahara | Mesoporous tantalum oxide -characterization and photocatalytic activity for the overall water decomposition[END_REF] for the specific surface areas and pore volumes, respectively. As a remind, the highest values of the surface properties obtained in the present work for the niobium (V) oxide and tantalum (V) oxides are 166 m 2 /g -0.86 cm 3 /g and 84 m 2 /g -0.72 cm 3 /g, respectively. Furthermore in our case, the niobium and tantalum pentoxides are semi-crystalline as shown by the X-ray diffraction analysis (Figure 1B and2B) while amorphous samples are prepared as per the corresponding literature which may be a drawback for specific applications as in catalysis. At last, the soft-templated pathways are more time-consuming (until several days in some cases) [START_REF] Yang | Generalized syntheses of large-pore mesoporous metal oxides with semicrystalline frameworks[END_REF][START_REF] Katou | Synthesis of 2D-hexagonally ordered mesoporous niobium and tantalum mixed oxide[END_REF][START_REF] Guo | In situ carbonization of a soft-template to directly synthesize crystalline mesoporous metal oxides with high surface areas[END_REF][START_REF] Brezesinski | Pseudo capacitive contributions to charge storage in highly ordered mesoporous group V transition metal oxides with iso-oriented layered nanocrystalline domains[END_REF][START_REF] Guo | Preparation of mesoporous tantalum oxide and its enhanced photocatalytic activity[END_REF][START_REF] Sun | Synthesis of microporous transition metal oxide molecular sieves with bifunctional templating molecules[END_REF] than our hard-templated one.

In rare cases, crystalline Nb 2 O 5 material can be synthesized from a soft-template route with specific surface areas and pore volumes ranged from 54 to 150 m 2 /g and 0.05 to 0.20 cm 3 /g as established by Lee's [START_REF] Lee | Direct access to thermally stable and highly crystalline mesoporous transition-metal oxides with uniform pores[END_REF] and Brezesinski's works [START_REF] Brezesinski | Pseudo capacitive contributions to charge storage in highly ordered mesoporous group V transition metal oxides with iso-oriented layered nanocrystalline domains[END_REF]. Compared to these data, our results remain interesting with values of 68 m 2 /g and 0.63 cm 3 /g (heating temperature of 650°C). Finally, Yang et al. [START_REF] Yang | Generalized syntheses of large-pore mesoporous metal oxides with semicrystalline frameworks[END_REF] described a soft-templated amorphous Ta 2 O 5 material able to develop a specific surface area of 165 m 2 /g coupled to a pore volume of 0.50 cm 3 /g. In our case, for an amorphous Ta 2 O 5 material prepared at 500°C (Supporting Information S2), the specific surface area and pore volume were determined as equal to 135 m 2 /g and 0.72 cm 3 /g, respectively. The fact that the pore volumes exhibited by our as-synthesized oxide materials were systematically higher than those of the literature's samples can be related to the existence of pores of wider diameters [START_REF] Charpin | Caractérisation de la texture poreuse des matériaux[END_REF]. This parameter is verified since our Nb 2 O 5 and Ta 2 O 5 materials exhibit pore size distributions of 10 -100 nm (inserts of Figures 3 and4) while the literature reveals pore size distributions of 3 -15 nm and 3 -40 nm for both oxides synthesized from soft and hard template ways, respectively [9-16, 19,27].

The morphology and the microstructure of the niobium-and tantalum oxide materials synthesized with or without the use of Ca 3 (PO 4 ) 2 .xH 2 O sacrificial biotemplate are displayed in Figure 5 and6, respectively. The Nb 2 O 5 and Ta 2 O 5 materials synthesized free of template (X = 0) are made of micronsized particles with a spherical morphology for the former (Figure 5A) and a much more faceted undefined morphology for the latter (Figure 6A). At higher magnifications (Figure 5B and 6B), the surfaces of the particles appear rough and might be described as made of sintered smaller particles. These observations are consistent with the surface properties of these materials since these Nb 2 O 5 and Ta 2 O 5 as-prepared samples (X = 0) exhibit the lowest specific surface areas associated to a non-porosity. As regards the oxide ceramics synthesized with the use of calcium-based template (X = 1), the microstructure and morphologies radically change as shown in Figure 5C and Figure 6C. The agglomerates are featured by microstructures made of smaller agglomerated particles that adopt nanometric dimensions. The Nb 2 O 5 (Figure 5D) and the Ta 2 O 5 (Figure 6D) nanoparticles show a quasi-sphere like shape whose size is approximately ranged around 50 nm. In some places in the pictures, hollow spheres may be noticed for both oxide ceramics, suggesting the elaboration of Ca 3 (PO 4 ) 2 .xH 2 O/Nb 2 O 5 and Ca 3 (PO 4 ) 2 .xH 2 O/Ta 2 O 5 composites with a core/shell structure before the removal of the calcium template by the acidic etching. All these characteristics are in good agreement with the nitrogen physisorption measurements carried out on these samples for which improved surface properties have been determined (specific surfaces and pore volumes). 

Conclusion

To sum up, the present work claims the successful endo-templated synthesis of niobium (V) and tantalum (V) ceramics by means of a mineral such as the tricalcium phosphate as template. The surface properties, i.e. the specific surface areas and pore volumes, of the oxide materials are strongly dependent on the amount of biotemplate used. Values as high as 166 m 2 /g, 0.86 cm 3 /g and 84 m 2 /g, 0.72 cm 3 /g were thus obtained for semi-crystalline Nb 2 O 5 and Ta 2 O 5 synthesized following the most optimized experimental parameters. By comparison, their counterparts prepared free of template are no porous and exhibit specific surface areas of 48 and 5 m 2 /g, respectively. The fact that Ca 3 (PO 4 ) 2 .xH 2 O, which is an eco-compatible material, can be purchased from chemical manufacturers in different sizes (µmnm), made in laboratories in various morphologies (spheres, fibres, rods) and porous structures (3-D) should strengthen the interest to set up the hard-templated approach in the designing of large surface materials. of a hard-biotemplated approach and after the tricalcium phosphate template removal. * determined from the BJH method for pores below 100 nm. The error on the measurements of the S BET and V p is of ± 5 and ± 10 %, respectively. Supporting information 1 
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 1 Figure 1: XRD patterns of niobium oxide ceramics synthesized by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X) and at different temperatures: X = 0 and 500°C (A), X = 1 and 500°C (B) and X = 1 and 650°C (C).

Figure 2 :

 2 Figure 2: XRD patterns of tantalum oxide ceramics synthesized by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X) and at different temperatures: X = 0 and 750°C (A), X = 1 and 750°C (B) and X = 1 and 850°C (C).

  and 2C, respectively. Heating up to 650 °C and 850 °C were need to achieve a single and pure crystallized phase for Nb 2 O 5 and Ta 2 O 5 since the peaks are symmetric and the baselines are relatively linear. At last, for all diffraction patterns, no additional peaks were collected discarding any impurities in the Nb-and Ta-oxide ceramics. The crystallites sizes or crystal coherence lengths (L) of the niobium (V) and tantalum (V) oxides synthesized with X = 1 were determined from the Scherrer equation given below L hkl = 0.9. / (.cosƟ hkl ) where λ is the X-ray wavelength of the radiation ( Cu = 0.15406 nm),  the line broadening at half the maximum intensity (FWHM) corrected by the instrumental line broadening and Ɵ the Bragg angle characteristic of the investigated (h,k,l) Miller plane. The calculations were performed on the (001) diffraction peaks from the diffractograms corresponding to the oxide ceramics synthesized at 650 °C and 850 °C, respectively. Values around 20 nm and 22 nm were thus calculated for Nb 2 O 5 and Ta 2 O 5 materials, respectively. The nitrogen adsorption/desorption isotherms of the niobium (V) and tantalum (V) oxide materials synthesized with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios and calcination temperatures are shown in Figures

Figure 3 :

 3 Figure 3: Nitrogen adsorption/desorption isotherms of Nb 2 O 5 oxide ceramics synthesized at 500°C and 650°C by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X). In insert, the pore size distribution of the Nb 2 O 5 sample synthesized with X = 1 and calcined at 650°C.

Figure 4 :

 4 Figure 4: Nitrogen adsorption/desorption isotherms of Ta 2 O 5 oxide ceramics synthesized at 750°C and 850°C by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X). In insert, the pore size distribution of the Ta 2 O 5 sample synthesized with X = 1 and calcined at 850°C.
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 5 Figure 5: SEM images of Nb 2 O 5 ceramics synthesized at 500°C by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X). X = 0 (A, B) and X = 1 (C, D).
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 6 Figure 6: SEM images of Ta 2 O 5 ceramics synthesized at 750°C by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X). X = 0 (A, B) and X = 1 (C, D).
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 1 Figure1: XRD patterns of niobium oxide ceramics synthesized by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X) and at different temperatures: X = 0 and 500°C (A), X = 1 and 500°C (B) and X = 1 and 650°C (C).
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 2 Figure 2: XRD patterns of tantalum oxide ceramics synthesized by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X) and at different temperatures: X = 0 and 750°C (A), X = 1 and 750°C (B) and X = 1 and 850°C (C).

Figure 3 :

 3 Figure 3: Nitrogen adsorption/desorption isotherms of Nb 2 O 5 oxide ceramics synthesized at 500°C and 650°C by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X). In insert, the pore size distribution of the Nb 2 O 5 sample synthesized with X = 1 and calcined at 650°C.

Figure 4 :

 4 Figure 4: Nitrogen adsorption/desorption isotherms of Ta 2 O 5 oxide ceramics synthesized at 750°C and 850°C by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X). In insert, the pore size distribution of the Ta 2 O 5 sample synthesized with X = 1 and calcined at 850°C.
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 5 Figure 5: SEM images of Nb 2 O 5 ceramics synthesized at 500°C by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X). X = 0 (A, B) and X = 1 (C, D).
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 6 Figure 6: SEM images of Ta 2 O 5 ceramics synthesized at 750°C by a hard-templated approach with different Ca 3 (PO 4 ) 2 .xH 2 O/ceramic salt weight ratios (X). X = 0 (A, B) and X = 1 (C, D).
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Figure

  Figure S1 -A: SEM picture of the Ca 3 (PO 4 ) 2 .xH 2 O template (Sigma Aldrich). The powder is made of sphere like shape particles with a size distribution ranging from 20 to 200 nm.

Figure

  Figure S1 -B: Nitrogen isotherm of the Ca 3 (PO 4 ) 2 .xH 2 O template (Sigma Aldrich). The isotherm is characteristic of a non-porous material. The specific surface area was determined, according to the Brunauer-Emmett-Teller model, equal to 30 m 2 /g.

  

  

Table caption Table 1 :

 caption1 Surface properties of the (semi-)crystalline Nb 2 O 5 and Ta 2 O 5 ceramics synthesized by means

Table caption Table 1

 caption1 

	Samples	Temperature (°C)	X	S BET (m 2 /g)	V p (cm 3 /g)*
			0	48	/
	Nb 2 O 5	500	1/3 2/3	106 134	0.46 0.57
			1	166	0.86
		650	1	68	0.63
			0	5	/
	Ta 2 O 5	750	1/3 2/3	30 68	0.32 0.56
			1	84	0.72
		850	1	27	0.33
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