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We report a one-pot hydrothermal route for the atom-economical biosynthesis of carbon aerogel-supported noble metal nanoparticles. A simple sugar derived from hemicellulose, e.g., xylose, and a natural phenol produced by brown algae, e.g., phloroglucinol, were used as renewable and abundant precursors. We demonstrated the versatility of the one-pot hydrothermal route to prepare Pt/C and Ru/C nanocomposites with tuneable properties of both the carbonaceous support and the supported metal nanoparticles. We obtained ruthenium nanoparticles with an unusual facecentered-cubic structure. The Pt/C aerogel nanocomposites showed competitive properties as catalysts for a model hydrogenation reaction as compared with analogous metal/carbon catalysts.

TEXT

Supported metal nanoparticles (SMNPs) onto porous materials have been widely studied and employed in heterogeneous catalysis processes, especially in the fine chemicals industry. [START_REF] Campelo | Sustainable Preparation of Supported Metal Nanoparticles and Their Applications in Catalysis[END_REF][START_REF] White | Supported metal nanoparticles on porous materials. Methods and applications[END_REF][START_REF] Ndolomingo | Review of supported metal nanoparticles: synthesis methodologies, advantages and application as catalysts[END_REF][START_REF] Anderson | Supported metals in catalysis[END_REF] In particular, supported noble metal nanoparticles such as platinum, palladium and ruthenium have been reported for a wide range of catalytic reactions, including oxidations [START_REF] Herves | Catalysis by metallic nanoparticles in aqueous solution: model reactions[END_REF] and hydrogenations of a large diversity of organic molecules. [START_REF] Zhang | Selective hydrogenation over supported metal catalysts: from nanoparticles to single atoms[END_REF] The use of porous supports to immobilize metal nanoparticles displays many advantages in terms of stability, processability and cost, especially when dealing with expensive noble metal catalysts. First, SMNPs enable easier recycling of the metal catalysts and can slow down the leaching of metal species, providing better reusability and long term stability. [START_REF] Ndolomingo | Review of supported metal nanoparticles: synthesis methodologies, advantages and application as catalysts[END_REF] Second, the support can avoid metal nanoparticles' aggregation and give better metal dispersion. [START_REF] Ndolomingo | Review of supported metal nanoparticles: synthesis methodologies, advantages and application as catalysts[END_REF] On the other hand, specific metal-support interactions can significantly modify the structure of the metal nanoparticles at the atomic level together with its catalytic properties, in terms of activity and selectivity. [START_REF] Zhang | Probing the Metal-Support Interaction in Carbon-Supported Catalysts by using Electron Microscopy[END_REF] Supported metal catalysts are usually prepared by procedures involving multi-steps including: (i) synthesis of the porous support; (ii) impregnation of the as-prepared support with one or several metal precursors (usually metal salts); and (iii) reduction of the metal salts using either molecular hydrogen at high temperature or chemical reducing agents in solution. [START_REF] Pinna | Supported metal catalysts preparation[END_REF] Such multi-step procedures are inefficient in terms of duration and energy consumption [START_REF] Huang | Fabrication of reduced graphene oxide/metal (Cu, Ni, Co) nanoparticle hybrid composites via a facile thermal reduction method[END_REF] and lead to relatively weak interactions between the metal nanoparticle and the support. [START_REF] Su | Thermally reduced ruthenium nanoparticles as a highly active heterogeneous catalyst for hydrogenation of monoaromatics[END_REF] To overcome these drawbacks, simpler one-pot synthetic routes need to be developed.

Due to their high thermal and chemical stabilities together with their relative abundance and low cost, porous carbon materials have been among the most commonly employed supports for metal nanoparticles. [START_REF] Pérez-Mayoral | Metal-supported carbon-based materials: opportunities and challenges in the synthesis of valuable products[END_REF] Carbon materials can be prepared from a large variety of renewable and abundant organic resources, such as lignocellulosic material and its derivatives. [START_REF] Titirici | Sustainable carbon materials[END_REF] One of the most powerful approach to synthetize biosourced carbons is the hydrothermal carbonization (HTC), [START_REF] Nicolae | Recent advances in hydrothermal carbonisation: from tailored carbon materials and biochemicals to applications and bioenergy[END_REF] also known as wet pyrolysis or wet torrefaction. HTC is a thermochemical process that occurs in subcritical water and converts organic compounds into carbonaceous materials, known as hydrochars. Usually, HTC is conducted in autoclaves at moderate temperature (typically between 120 and 250°C) and under autogenous pressure (typically below 10 bars). When applied to monosaccharides or their furan derivatives (i.e., furfural or hydroxymethylfurfural), HTC yields monodisperse microspheres with a mean diameter between 100 nm and 5 µm. [START_REF] Zhang | Hydrophobic precipitation of carbonaceous spheres from fructose by a hydrothermal process[END_REF] Interestingly, HTC is also a simple and sustainable route for the one-pot synthesis of carbonaceous SMNPs. [START_REF] Sun | Colloidal carbon spheres and their core/shell structures with noble-metal nanoparticles[END_REF] In 2008, Titirici et al. [START_REF] Makowski | Selective partial hydrogenation of hydroxy aromatic derivatives with palladium nanoparticles supported on hydrophilic carbon[END_REF] demonstrated the effective reduction of a water soluble palladium salt (i.e., palladium acetylacetonate) during the HTC of furfural at 190°C. The authors reported core-shell microspheres with a mean diameter of ca. 200 nm made of a Pd 0 core and a hydrophilic carbonaceous shell. These metal@hydrochar nanocomposites showed high selectivity towards partial hydrogenation products of various phenolic compounds. [START_REF] Makowski | Selective partial hydrogenation of hydroxy aromatic derivatives with palladium nanoparticles supported on hydrophilic carbon[END_REF] However, since first described in the literature, [START_REF] Sun | Colloidal carbon spheres and their core/shell structures with noble-metal nanoparticles[END_REF] the one-pot HTC approach has hardly ever been reported to prepare hydrothermal carbon-supported noble metal nanoparticles for heterogeneous catalysis. [START_REF] Matos | Methane conversion on Pt-Ru nanoparticles alloy supported on hydrothermal carbon[END_REF] So far, the preparation of porous HTC supports for noble metal nanoparticles has been mainly limited to multi-step procedures using incipient wetness impregnation [START_REF] Bosilj | Directing nitrogen-doped carbon support chemistry for improved aqueous phase hydrogenation catalysis[END_REF] or to atom inefficient one-pot procedures, which involve sacrificial soft-templates that ultimately become chemical wastes. [START_REF] Liu | Biomass-derived ordered mesoporous carbon nano-ellipsoid encapsulated metal nanoparticles inside: ideal nanoreactors for shape-selective catalysis[END_REF] Here, we report a one-pot, atom-economical, hydrothermal route for the biosynthesis of carbon aerogel-supported noble metal nanoparticles for hydrogenation catalysis. A simple sugar derived from hemicellulose, e.g., xylose, and a natural phenol produced by brown algae, e.g., phloroglucinol, were used as renewable and abundant precursors. [START_REF] Brun | Hydrothermal synthesis of highly porous carbon monoliths from carbohydrates and phloroglucinol[END_REF] We already showed that, using this simple hydrothermal route, we could produce stable hydrogels made of the aggregation of small carbonaceous nanoparticles. [START_REF] Brun | Hydrothermal synthesis of highly porous carbon monoliths from carbohydrates and phloroglucinol[END_REF] After solvent exchange, freeze-drying and pyrolysis, carbon aerogels with a high specific surface area, a high meso-macropore volume (so-called external volume) and a multi-scale porosity could be prepared. As meso-and macropores are essential for the diffusion of reagents and products during catalytic reactions, [START_REF] Coasne | Multiscale adsorption and transport in hierarchical porous materials[END_REF] we believe that these aerogels have a great potential as supports for heterogeneous catalysis. Analogous N-doped carbons aerogels already demonstrated promising properties as metal-free electrocatalysts for the oxygen reduction reaction. [START_REF] Brun | Original design of nitrogen-doped carbon aerogels from sustainable precursors: application as metal-free oxygen reduction catalysts[END_REF] In the present study, we propose to extend this simple hydrothermal route to the synthesis of Pt/C and Ru/C aerogel nanocomposites (Figure 1). Water soluble salts, e.g., ruthenium(III) nitrosylnitrate and hexachloroplatinic(IV) acid hydrate, were used as noble metal precursors. Various theoretical metal loadings were applied, from 0.4 to 10 wt.%, yielding RuX/C and PtX/C samples with X corresponding to the theoretical metal loading in percentage by mass (see Table 1). Aerogels with high theoretical metal loadings (i.e., 10 wt.%) were prepared to provide insights into the fate of metal species after HTC and subsequent pyrolysis. Both incipient wetness impregnation followed by reduction (ImR) and one-pot (OP) routes were used to prepare Pt/C and Ru/C nanocomposites (Figure 1). Besides porous carbon aerogels, lab-made microporous microspheres (Pt0.4/C-OP00) and ordered mesoporous carbons (Pt0.4/C-OMC) were prepared starting from similar precursors. An analogous commercial catalyst (Pt0.5/C-com) was also studied and characterized to provide further insights into the potential of the one-pot hydrothermal route reported herein. The experimental metal loadings for all the samples were determined by ICP-OES and compared with the theoretical expected values, as reported in Table 1. At low metal loading, i.e., at 0.4 wt.%, the experimental values were really close to the theoretical ones, especially for the Ru0.4/C-OP sample (0.48 vs 0.4 wt.%). Interestingly, the OP process allowed reaching reasonable loadings with moderate metal leaching despite solvent exchange and thermal treatment at high temperature. Thus, Pt0.4/C-OP and Pt0.4/C-ImR samples displayed metal loadings of 0.25 and 0.37 wt.%, respectively.

When increasing the metal loading from 0.4 to 10 wt.%, the experimental metal loadings diverged significantly from the theoretical loadings with an estimated leaching of ca. 50 and 60 wt.% for Ru10/C-OP and Pt10/C-OP, respectively. We believe that the leaching occurred during the washing steps in water/tert-butanol mixtures and involved the bigger metal aggregates which were weakly bound to the carbon support. Despite metal loss, the OP method offered a good control over metal loading.

Besides, the addition of the metal salts before HTC (OP method) did not disturb the gelation process. As shown in Figure 1C, stable hydrogels were systematically obtained. After freeze-drying and subsequent pyrolysis, the textural properties were not significantly affected by the presence of the metal, whatever the metal loading (see Table 1). Both SEM (Figure 1D) and TEM micrographs (Figure 1E) showed highly porous frameworks made of the aggregation of small carbon nanoparticles. At low metal loading, i.e., for Ru0.4/C-OP and Pt0.4/C-OP samples, both the BET equivalent specific surface areas (SSABET, ca. 760 m 2 g -1 ) and pore volumes (Vtotal, ca. 1.5 cm 3 g -1 )

were close to the ones obtained for the metal-free carbon aerogel, i.e., C-OP (796 m 2 g -1 and 1.56 cm 3 g -1 , respectively). When increasing the metal loading from 0.4 to 1 wt.%, both SSABET and pore volumes slightly increased, while a further increase in the metal loading from 1 to 10 wt.% yielded a decrease in both SSABET and pore volumes (see Table 1). One may assume that the metal salts acted as catalysts for the dehydration and polycondensation reactions occurring during HTC, which might cause structural and textural changes at intermediate to high loadings. Nevertheless, no clear difference could be seen by FTIR on aerogels before pyrolysis (Figure S1). Moreover, all the aerogels prepared by the one-pot method displayed hybrid type I/II nitrogen sorption isotherms with H3 hysteresis loops (see for instance Pt0.4/C-OP in Figure 1E). These isotherms are related to multiscale porous materials with both micro-and macropores which were not completely filled with nitrogen condensate. [START_REF] Thommes | Physisorption of gases, with special reference to the evaluation of surface area and pore size distribution (IUPAC Technical Report)[END_REF] Interestingly, at similar metal loading, the ImR method gave lower SSABET and pore volumes than the OP method (see Table 1). This feature suggests pore clogging by the metal salts and metal nanoparticles during impregnation and subsequent reduction. Besides OP and ImR aerogels, three other samples with different textural properties were studied: Pt0.4/C-OP00, Pt0.4/C-OMC, and an analogous commercial catalyst (Pt0.5/C-com). Pt0.4/C-OP00 and Pt0.5/C-com displayed type-I isotherms typical of microporous materials, while Pt0.4/C-OMC displayed a type IV isotherm with H1 hysteresis loop, typical of ordered mesoporous materials. The nitrogen sorption isotherms (Figure S2), SEM (Figure S3) and TEM micrographs (Figure S4) of all the samples reported herein are available in supporting information. 2B). No such observation could be made in Ru0.4/C-OP (Figure 2F). When increasing the metal loading, no metal nanoparticle aggregates were observed for the PtX/C-OP series (Figure 2C). However, small metal clusters were observed by STEM-HAADF (Figure 2D). Unlike Pt, Ru aggregates of ca. 50 nm were observed for Ru1/C-OP (Figure 2G) and Ru10/C-OP (Figure 2H). Such aggregates were also observed before pyrolysis (see Ru10H in ESI, Figure S6), suggesting that metal nanoparticles already formed during HTC. To assess the nature of the metal species after HTC and pyrolysis, X-ray diffraction (XRD, Figure 3 and Figure S7), X-ray photoelectron spectroscopy (XPS, Figure 3) and hydrogen temperature programmed reduction (H2-TPR, Figure S8) were performed. As for platinum at high metal loading, the XRD patterns showed three main peaks at 2θ= 39.8°, 46.3° and 67.5°, corresponding to the (111), (200), and (220) crystallographic planes of metallic Pt 0 , respectively (Figure 3A). These three diffractions peaks were observed both before (Pt10/H) and after pyrolysis (Pt10/C-OP), confirming that platinum was already reduced during HTC. The peaks are narrower and more intense after pyrolysis, suggesting a sintering of the platinum particles. The crystallite size of the Pt nanoparticles determined by the Scherrer equation (Table 1) increased from 5 nm for Pt10/H to 22 nm for Pt10/C-OP, which is inconsistent with electron microscopy observations that only showed platinum clusters smaller than 2 nm (Figure 2 C-D). This feature suggests some heterogeneity in the sample. At low metal loadings, these three diffractions peaks vanished, which is consistent with the very low concentration of platinum (below 0.5 wt%) and suggests the presence of eV which is attributed to metallic Pt 0 . After pyrolysis (Pt10/C-OP, Figure 3B, bottom), a shift to higher binding energies was noted for the Pt 0 doublet (Pt4f7/2 and Pt4f5/2 centered at 71.7 and 75.1 eV, respectively) as compared with the ones observed before pyrolysis. This positive shift in binding energies corresponds to a decrease in the electronic charge density on the platinum atoms present in the material. It might be due to electrons transfer from Pt nanoparticles to the carbon support, transfer that is most probably favored after pyrolysis. [START_REF] Sen | Different sized platinum nanoparticles supported on carbon: An XPS study on these methanol oxidation catalysts[END_REF] This feature suggests strong interaction between Pt nanoparticles and the carbon support. A second set of doublet observed at binding energy of 72.6 and 76.5 eV after pyrolysis (72.1 and 75.6 eV before pyrolysis) can be assigned to platinum oxide states (PtO and Pt(OH)2). [START_REF] Zhang | Water-in-oil microemulsion synthesis of platinum-ruthenium nanoparticles, their characterization and electrocatalytic properties[END_REF] The percentage of Pt 2+ was estimated at ca. 40 and 26 % before and after pyrolysis, respectively. This feature is at variance with H2-TPR. One may consider that XPS is a surface characterization technique that may significantly overestimate the amount of surface metal oxide species.

As known for the metallic ruthenium, the XRD pattern of Ru10/C-OP showed several peaks at 2θ= 38.5°, 42.4°, 44.4°, 58.6°, 69.7° and 78.7°, corresponding to the (100), (002), ( 101), ( 102), (110), and

(103) crystallographic planes, respectively (Figure 3C), of metallic Ru 0 with a hexagonal closepacked (hcp) structure. At low metal loadings, these diffractions peaks vanished, in the same way as observed for the PtX/C-OP series, suggesting the presence of very small amorphous metal clusters together with larger nanoparticles. Besides, the crystallite size of the Ru nanoparticles determined by the Scherrer equation (Table 1) increased after pyrolysis, from 5 nm for Ru10/H to 13 nm for Ru10/C-OP. Interestingly, before pyrolysis, an unexpected phase was evidenced for ruthenium with diffraction peaks at 2θ= 41.0°, 47.4° and 69.7°. These peaks can be indexed as the ( 111), (200), and

(220) planes of face-centered-cubic (fcc) Ru (JCPDS card No. 01-088-2333), as reported in a few recent articles. [START_REF] Kusada | Discovery of Face-Centered-Cubic Ruthenium Nanoparticles: Facile Size-Controlled Synthesis Using the Chemical Reduction Method[END_REF][START_REF] Pang | Solvents-dependent selective fabrication of face-centered cubic and hexagonal close-packed structured ruthenium nanoparticles during liquid-phase laser ablation[END_REF] While the hcp structure is the thermodynamically stable phase of Ru, the fcc structure is rather unusual and was hardly ever reported in the literature. According to Zhao et al., [START_REF] Zhao | Carbon coated face-centered cubic Ru-C nanoalloys[END_REF] the fcc phase can be stabilized by the dissolution of carbon and the formation of Ru-C nanoalloys.

These features were supported by XPS. Before pyrolysis six peaks centered at 461.8, 463.5, 465.2, 483.9, 485.5 and 487.3 eV were observed (Ru10/H, Figure 3D, top). These six peaks correspond to three Ru3p3/2 and Ru3p1/2 doublets. The doublet at 461.8 and 483.9 eV can be assigned as Ru 0 metal (Ru3p3/2 and Ru3p1/2, respectively), [START_REF] Morgan | Resolving ruthenium: XPS studies of common ruthenium materials[END_REF] while the doublet at 465.2 and 487.3 eV could be attributed to ruthenium oxide. The assignation of the third doublet at 463.5 and 485.5 eV is not straightforward but it can be attributed to ruthenium carbide species. After pyrolysis, the contribution of this doublet significantly decreased, from ca. 42 to 17 % (Ru10/C-OP, Figure 3D, bottom). This feature confirms the formation of Ru-C nanoalloys during HTC, which is expected to favor the formation of the unusual fcc structure. It also supports the subsequent removal of carbon atoms from the solid solution during pyrolysis. After pyrolysis, the Ru3p spectrum shows the same six peaks. The percentage of Ru 0 increased from ca. 32 to 61 %, while the percentage of ruthenium oxide decreased from ca. 26 to 22 %. The presence of ruthenium oxide in Ru10/C-OP was also confirmed by H2-TPR analysis and was estimated at ca. 6 % (Figure S8). The deviation between the two techniques suggests that ruthenium oxide species are mainly located at the very surface of ruthenium particles, as mentioned previously for Pt10/C-OP. Interestingly, H2-TPR analysis of Ru10/C-OP displayed two reduction peaks related to hydrogen consumption centered at ca. 100 and 250°C (Figure S8). The significant interval between these two reduction peaks suggests the presence of two different sets of ruthenium oxide species. The first peak can be related to the reduction of ruthenium species having weak interaction with the carbon support, while the second peak can be assigned to ruthenium species strongly embedded in the carbon matrix. This last feature might be related to the presence of Ru-C nanoalloys before pyrolysis and demonstrates that the OP approach provides close interaction between metal nanoparticles and the carbon support.

Carbon and carbon precursors, such as sucrose, [START_REF] Su | Thermally reduced ruthenium nanoparticles as a highly active heterogeneous catalyst for hydrogenation of monoaromatics[END_REF] have been reported in the literature as reducing agents of metal salts at high temperatures, typically above 700°C. The use of HTC and reducing sugars, especially aldoses and xylose, or sugar-derived aldehydes, such as furfural, [START_REF] Makowski | Selective partial hydrogenation of hydroxy aromatic derivatives with palladium nanoparticles supported on hydrophilic carbon[END_REF] allowed working at lower temperatures, typically below 200°C. While this feature was confirmed herein, our study also demonstrated the versatility of the one-pot hydrothermal route to design carbonaceous-SMNPs with tuneable textural and structural properties of both the carbonaceous support and the supported metal nanoparticles. Considering both textural and structural properties, the metal/C-OP carbon aerogels reported herein show great promise as catalysts for hydrogenation reactions. To support this assumption, we used these nanocomposites as catalysts for a model reaction, i.e., the selective hydrogenation reaction of 4-chloronitrobenzene (CNB) into 4-chloroaniline (CAN). The production of halogenated aromatic amines by heterogeneous catalysis has received much attention for industry. [START_REF] Serna | Transforming nano metal nonselective particulates into chemoselective catalysts for hydrogenation of substituted nitrobenzenes[END_REF] In particular, the selective hydrogenation of CNB into CAN is an industrially important process, as chloroanilines are important intermediates in the chemistry of dyes, drugs, pesticides and herbicides. Conventionally, the chloroanilines are produced from the corresponding halonitrobenzene with stoichiometric reductants or hydride reagents. However, due to the discovery of promising catalytic systems for this reaction, based on platinum, palladium, rhodium, ruthenium, nickel, gold, iridium, etc., hydrogenation of halogenated nitroarenes with molecular hydrogen has received more attention during the last decades. [START_REF] Oubenali | Hydrogenation of p-Chloronitrobenzene over Nanostructured-Carbon-Supported Ruthenium Catalysts[END_REF] Various co-products can be obtained during this reaction such as chlorobenzene, aniline (AN), 4nitrosochlorobenzene (CNSB) or 4-chlorophenylhydroxylamine (Figure S9). While CAN is the desired main product, CNSB is an intermediate of the reaction and AN is a co-product to avoid. In other words, we aim to promote the hydrogenation of nitro group and to avoid the dehalogenation of CAN. In our study, CAN was systematically the main product of the reaction and AN was below 1.5 % (Figure S10), demonstrating the high selectivity of our catalysts. However, significant differences were observed regarding the initial rate of the reaction (r0, Table 2). While Pt0.4/C-OP was highly active at 70°C and 10 bars, Ru0.4/C-OP was not and higher temperature (140°C) and pressure (20 bars) must be applied to reach comparable catalytic properties (Figure 4A). Overall, RuX/C were less active than PtX/C catalysts. Interestingly, the Pt/C catalysts prepared through the OP hydrothermal route showed competitive catalytic properties as compared with the ones prepared via the conventional ImR route (Figure 4). Thus, Pt0.4/C-OP showed a slightly higher initial rate and selectivity than Pt0.4/C-ImR (Table 2). Moreover, at similar Pt loading (ca. 0.5 wt%), Pt1/C-OP showed higher initial rate as the one obtained for the commercial catalyst (Pt0.5/C-com, Figure 4B), more evidence of the attractiveness of the OP hydrothermal route. Finally, yet importantly, an extra reduction with molecular hydrogen before catalysis did not improve the catalytic properties of two OP samples, i.e., Ru0.4/C-OP and Pt1/C-OP (Table S11). Such post-treatment proved to be detrimental for the Pt/C catalyst, with a decrease in the initial rate from 530 mmolCNB/h.gcatalyst for Pt1/C-OP to 443 for Pt1/C-OPR (Table S11). This feature confirms that, following the OP hydrothermal route, no extra reduction is necessary.

As mentioned above, two other Pt0.4/C materials were prepared through the OP hydrothermal route with similar precursors: microporous microspheres (Pt0.4/C-OP00) and ordered mesoporous carbons with a pore size distribution centered at 5 nm (Pt0.4/C-OMC, Figures S2 andS4). Despite similar platinum loading of ca. 0.3 wt%, the three materials showed significant differences in terms of catalytic properties (Figure 4C). A clear correlation was made between the external pore volume, where diffusivity of large molecules is enhanced, and the initial rates (Figure 4D). Moreover, smaller carbon nanoparticles in Pt0.4/C-OP might favor the nucleation and stabilization of smaller Pt nanoparticles during HTC, as suggested by XRD and determined by the Scherrer equation (Figure S7 and Table 1). In conclusion, we developed a one-pot, atom-economical, hydrothermal route for the biosynthesis of carbon aerogel-supported noble metal nanoparticles. We demonstrated the versatility of the one-pot hydrothermal route with tuneable textural and structural properties of both the carbonaceous support and the supported metal nanoparticles. Carbon aerogels with high specific surface area (ca. 800 m 2 g -1 ), high pore volume (> 1.5 cm 3 g -1 ) and well-dispersed metal clusters were obtained. Interestingly, our approach allowed synthesizing an unusual fcc metallic ruthenium structure and might be used in the future for the preparation of other thermodynamically unstable metal and nanoalloy phases. Besides, the Pt/C aerogel nanocomposites showed competitive properties as catalysts for a model reaction, i.e., the selective hydrogenation reaction of CNB into CAN. A comparison with analogous metal/carbon catalysts showed a clear correlation between the external pore volume, where diffusivity of large molecules is enhanced, and the initial rate of the reaction.

While full of promise, the OP HTC route is still a young topic with a limitless variety of sugars and metal precursors to combine and to investigate. We are currently studying other metal salts and mixtures, especially to design supported bimetallic clusters and nanoparticles. Furthermore, other hydrogenation reactions, especially dealing with biorefinery schemes, are currently under study.

Besides, the aerogel-supported Ru-C nanoalloys described herein might be promising catalysts for CO2 hydrogenation reactions at low temperatures. [START_REF] Cored | Hydrothermal Synthesis of Ruthenium Nanoparticles with a Metallic Core and a Ruthenium Carbide Shell for Low-Temperature Activation of CO2 to Methane[END_REF] Overall, we believe that the OP HTC route will open new perspectives for the design of carbonaceous-based SMNPs not only for thermochemical catalysis, but also for photocatalysis, electrocatalysis, sensors and energy storage.
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Figure 1 .

 1 Figure 1. Schematic representations of the two synthetic procedures employed to prepare carbon aerogel-supported noble metal nanoparticles. (A) One-pot method (OP), and (B) impregnationreduction method (ImR). (C) Picture of a gel before freeze-drying. (D) Scanning electron micrograph (SEM), (E) transmission electron micrograph (TEM), and (F) nitrogen sorption isotherm at 77 K of Pt0.4/C-OP.

Figure 2

 2 Figure 2 shows TEM and HR-TEM micrographs of the PtX/C-OP (Figure 2A-D) and the RuX/C-

Figure 2 .

 2 Figure 2. TEM micrographs of (A) Pt0.4/C-OP (and (B) HR-TEM micrograph), (C) Pt10/C-OP (and (D) STEM-HAADF micrograph), (E) Ru0.4/C-OP (and (F) HR-TEM micrograph), (G) Ru1/C-OP and (H) Ru10/C-OP.

  metal clusters, as shown by TEM and HR-TEM micrographs. The H2-TPR analysis performed on Pt10/C-OP confirmed the reduction of platinum during HTC since no clear reduction peak related to hydrogen consumption was observed (FigureS8). These features were also confirmed by XPS. Before pyrolysis (Pt10/H, Figure3B, top), the XPS spectrum shows a doublet containing a low energy band (Pt4f7/2) at 70.9 eV and a high energy band (Pt4f5/2) centered at 74.4

Figure 3 .

 3 Figure 3. (A) XRD patterns of platinum based catalysts, (B) Fitted XPS spectrum of Pt4f signal for Pt10/C-OP (top) before and (bottom) after pyrolysis, (C) XRD patterns of ruthenium based catalysts, (D) Fitted XPS spectrum of Ru3p signal Ru10/C-OP (top) before and (bottom) after pyrolysis.

Figure 4 .

 4 Figure 4. Catalytic properties of different carbon-SMNPs over the hydrogenation reaction of 4chloronitrobenzene (CNB) into 4-chloroaniline (CAN). (A) Comparison between Pt0.4/C-OP and Ru0.4/C-OP at various temperatures and pressures. (B) Comparison between Pt0.4/C-OP, Pt1/C-OP, Pt0.4/C-ImR and Pt0.5/C-com at 70 °C and 10 bars. (C-D) Influence of the textural properties of the carbon support for three materials prepared by the one-pot HTC route with a similar metal loading: Pt0.4/C-OP, Pt0.4/C-OMC and Pt0.4/C-OP00. Experimental conditions: 10 bars, 50°C.

Pt0. 4

 4 C-OP, 70°C 10 bars R u0.4/C-OP, 140°C 10 bars R u0.4/C-OP, 70°C 20 bars R u0.4/C-OP, 70°C 10 bars

  pyrolysis with and without metal; nitrogen sorption isotherms; SEM and TEM micrographs; STEM-EDX mapping of Ru0.4/C-OP, Ru10/C-OP, Pt0.4/C-OP and Pt10/C-OP; XRD spectra of Pt0.4/C-OP00 and Pt0.4/C-ImR; H2-TPR curves of C-OP, Ru10/C-OP and Pt10/C-OP; catalytic properties of Pt1/C-OPR and Ru0.4/C-OPR.

Table 1 .

 1 Textural properties, metal loading, elemental composition and crystallite size of the different RuX/C and PtX/C materials.

	Sample	SSABET	Vtotal a	Vinterp b	Metal loading c	Mass ratio e Lc f
		(m 2 .g -1 )	(cm 3 .g -1 )	(cm 3 .g -1 )	(wt%)	O/C M/C	(nm)
	C-OP	796	1.56	1.38	0 (0)	0.06	0	n/a
	Ru0.4/C-OP	760	1.45	1.27	0.48 (0.4)	0.06 0.005 n/a
	Ru1/C-OP	814	1.56	1.36	0.85 (1)	n/a	n/a	n/a
	Ru10/C-OP	644	1.05	0.87	5.27 (10)	0.09 0.066 13
	Ru10H	270	0.87	0.85	n/a	0.46 n/a	5
	Pt0.4/C-OP	763	1.49	1.32	0.25 (0.4)	0.06 0.003 n/a
	Pt1/C-OP	832	1.91	1.74	0.49 (1)	n/a	n/a	31
	Pt10/C-OP	757	1.63	1.46	4.14 (10)	0.04 0.045 22
	Pt10H	684	1.80	1.70	n/a	0.42 n/a	5
	Pt0.4/C-ImR	640	1.38	1.24	0.37 (0.4)	n/a	n/a	n/a
	Pt0.4/C-OP00	656	0.30	0.05	0.28 (0.4)	n/a	n/a	11
	Pt0.4/C-OMC	686	0.36	0.13	0.28 (0.4)	n/a	n/a	n/a
	Pt0.5/C-com	1115	0.46	0.03	0.5 d	n/a	n/a	5

a Total pore volume determined at p/p 0 0.99 on the desorption branch. b Vinterp = Interparticle volume. c Experimental values obtained by ICP-OES versus theoretical expected values (in brackets). d Value provided by the supplier. e Experimental values obtained by elemental analyses. f Crystallite size determined by the Scherrer equation (spherical crystallites were considered; thus, a shape factor, K, of 0.94 was used in the Scherrer equation).

Table 2 .

 2 Catalytic properties of the different RuX/C and PtX/C materials over the hydrogenation reaction of 4-chloronitrobenzene (CNB) into 4-chloroaniline (CAN).

	Catalyst	P (bars)	T (°C)	r0 (mmolCNB/h.gcatalyst) a	t95(min) b	SAN (%) b
	C-OP			0	n/a	0
	Pt0.4/C-OP			497	10	1.5
	Pt0.4/C-ImR	10	70	444	10	1.3
	Pt0.5/C-com			374	16	1.4
	Pt1/C-OP			530	5	1.3
	Ru0.4/C-OP			0	n/a	0
	Pt0.4/C-OP00			72	131	1.5
	Pt0.4/C-OMC Pt0.4/C-OP	10	50	157 422	77 12	1.4 1.5
	Pt0.5/C-com			365	13	1.4

a : initial reaction rate; b : values are determined at 95% CNB conversion
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Synopsis

We report the atom-economical biosynthesis of carbon aerogel-supported noble metal nanoparticles with competitive properties as hydrogenation catalysts.