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Introduction

Toxic chemicals in wastewaters coming from the textile processing industry (TPI) have become in the last decades the second largest water polluters after agriculture, since vast amounts of fresh water are needed throughout all processing operations in the manufacturing of textile fabrics. 1 Among those contaminants, synthetic dyes based on polycyclic aromatic derivatives occupy a prominent position due to their known or presumed carcinogenic potential. This issue is further compounded by the lack of specific wastewater treatments that, in the end, leads to the persistence of these pollutants in the environment over long periods of time. 2 As a result of this situation, governments worldwide have been pushed into adopting new legislations towards the integration of sustainability concepts in TPIs, with the aim of minimizing the impact of harmful discharges on river/marine ecosystems and, by extension, their effects on public health. 3,[START_REF] Mcintyre | Global Threats to Human Water Security and River Biodiversity[END_REF] In this context, the development of novel strategies allowing an effective degradation of organic dyes in complex media such as textile wastewaters remains a task to be achieved. In this line, it must be noted that most of the current purification technologies rely exclusively on the physicochemical immobilization and removal of pollutants, which finally results in high economic costs and accumulation of by-products (concentrated sludge).

In the past few years, the use of inorganic semiconductors for the photodegradation of organic pollutants has emerged as an appealing alternative to traditional protocols. This is due to the ability of these materials to mineralize complex polycyclic molecules into harmless species such as CO 2 or H 2 O by using sunlight as a sustainable source of energy. [START_REF] Chen | Semiconductor-Mediated Photodegradation of Pollutants under Visible-Light Irradiation[END_REF][START_REF] Bian | Au/TiO 2 Superstructure-Based Plasmonic Photocatalysts Exhibiting Efficient Charge Separation and Unprecedented Activity[END_REF][START_REF] Zhou | Plasmon-Enhanced Light Harvesting: Applications in Enhanced Photocatalysis, Photodynamic Therapy and Photovoltaics[END_REF] This process is based on the creation of excitons (electron-hole pairs originated after the photoexcitation of the semiconductor) which generate hydroxyl radicals that react with the organic pollutants giving rise to a series of chemical transformations known as advanced oxidation processes (AOPs). [START_REF] Gligorovski | Environmental Implications of Hydroxyl Radicals (• OH)[END_REF] Among the different semiconductors used for this purpose, titanium dioxide draws special attention owing to its high chemical stability, abundance, low cost and lack of toxicity. [START_REF] Schneider | Understanding TiO 2 Photocatalysis: Mechanisms and Materials[END_REF] Nevertheless, and despite these remarkable features, TiO 2 also presents major pitfalls that limit its applicability in industrial wastewaters. Among these drawbacks, its lack of selectivity constitutes a primary concern since it may lead to a lower catalytic efficiency in complex mixtures where a particular compound needs to be targeted. Another difficulty when implementing TiO 2 under realistic technical conditions stems from its large band-gap (3.2 eV). This high energy value leads to a decreased number of photo-excited electrons capable of being transferred to the conduction band upon excitation with solar irradiation, thus hindering the initiation of the photocatalytic process. [START_REF] Sousa-Castillo | Boosting Hot Electron-Driven Photocatalysis through Anisotropi Plasmoni anoparti les with Hot pots in Au-TiO 2 Nanoarchitectures[END_REF] Along these lines, less than 5% of the solar energy can be used to generate AOPs, which reduces the suitability of this semiconductor as photocatalyst in many real-life applications. To tackle this issue, several methodologies have been developed in order to improve the performance of TiO 2 . [START_REF] Devi | A Review on Non Metal Ion Doped Titania for the Photocatalytic Degradation of Organic Pollutants under UV/solar Light: Role of Photogenerated Charge Carrier Dynamics in Enhancing the Activity[END_REF][START_REF] Asahi | Nitrogen-Doped Titanium Dioxide as Visible-Light-Sensitive Photocatalyst: Designs, Developments, and Prospects[END_REF] Among them, its functionalization with plasmonic nanoparticles (e.g., Au or Ag) has proven to be an effective means to extend the light harvesting properties of this semiconductor to the visible and near-infrared (NIR) region of the electromagnetic spectrum. [START_REF] Primo | Titania Supported Gold Nanoparticles as Photocatalyst[END_REF][START_REF] Ingram | Predictive Model for the Design of Plasmonic Metal/semiconductor Composite Photocatalysts[END_REF][START_REF] Li | Plasmon-Induced Resonance Energy Transfer for Solar Energy Conversion[END_REF] Among the different mechanisms behind plasmon-induced photosensitization, hot electron injection has gained relevance in the last years. Such a phenomenon arises due to the injection of plasmonexcited (hot) electrons from the metal nanoparticle across the Schottky barrier into the conduction band of the semiconductor, which is made possible because of the band alignment established between both species. [START_REF] Sousa-Castillo | Boosting Hot Electron-Driven Photocatalysis through Anisotropi Plasmoni anoparti les with Hot pots in Au-TiO 2 Nanoarchitectures[END_REF] Consequently, such a mechanism leads to the activation of the semiconductor with low-energy photons that would otherwise be unable to initiate the photocatalytic process.

In the search of more efficient approaches, layered titanate nanotubes (TNTs) have recently gained relevance as an alternative to TiO 2 . This class of materials exhibit several features that make them especially interesting for their implementation in pollutant removal from wastewaters. These attributes include improved cation exchange capacity, high surface area, flexible interlayer distances and high surface hydroxyl group densities. [START_REF] Feng | Mildly Alkaline Preparation and Methylene Blue Adsorption Capacity of Hierarchical Flower-like Sodium Titanate[END_REF] All these factors endow TNTs with the necessary conditions for their fabrication and use as efficient adsorption agents for a wide array of aromatic dyes. [START_REF] Grandcolas | Layer-by-Layer Deposited Titanate-Based Nanotubes for Solar Photocatalytic Removal of Chemical Warfare Agents from Textiles[END_REF] Moreover, their relatively large dimensions compared to those of the widely used TiO 2 nanoparticles allow for their easy recovery by simple decantation or centrifugation, a key aspect considering that recyclability is a crucial factor in the design of safe and sustainable purification technologies.

On the downside, concerns related to the performance of TNTs as semiconductor photocatalysts still remain. As in the case of TiO 2 , titanates are known to possess a relatively high band-gap, which implies little light harvesting capabilities beyond the UV region. This limitation is further reinforced by the turbidity of real wastewaters. In this regard, insoluble particulates can substantially decrease the penetration of UV radiation through the bulk of the solution by both scattering and absorption and as a result, reduce the photomineralization of the targeted pollutants.

In view of the above, we report herein the synthesis and characterization of Au-decorated sodium titanate nanotubes (NaTNTs) and the application of these composites as photocatalysts in the selective degradation of methylene blue (MB), a well-known model contaminant due to its toxicity and widespread use in the textile industry. [START_REF] Gillman | CNS Toxicity Involving Methylene Blue: The Exemplar for Understanding and Predicting Drug Interactions That Precipitate Serotonin Toxicity[END_REF] The present work aims at exploring the potential synergies arising from a well-defined combination of the inherent and tunable properties of TNTs. Firstly, we have focused on the notable adsorption capabilities of these structures, which may prompt a high degree of contact between the pollutants of interest and the reaction sites along the surface of these tube-like nanoparticles. It must be noted that an accurate understanding of such interactions is crucial to develop selective degradation protocols in the search for cost-effective remediation strategies. Secondly, we have addressed the overcoming of the high energy band-gap of this material, a central issue affecting the performance of these semiconductors. To this end, the in situ formation of plasmonic Au nanoparticles onto the TNTs surface has been performed in order to extend the optical response of titanates to the wider visible range.

Scheme 1. Representation of the in situ formation of Au nanoparticles at the surface of NaTNTs. Such composites present interesting capabilities towards the selective adsorption/degradation of organic contaminants under solar irradiation.

Materials and methods

2.1 Materials: HAuCl 4 , sodium citrate, sodium hydroxide, methylene blue (MB), rhodamine B (RhB) and tartrazine (Tz) were purchased from Sigma-Aldrich. TiO 2 was purchased from Nanoamor. All chemicals were used as received without further purification. Milli-Q grade water was used in all the experiments.

Synthesis of NaTNTs:

NaTNTs were prepared by hydrothermal treatment of TiO 2 powder at high pH. Along these lines, 5 g of pure TiO 2 powder were mixed with 250 mL of 10 M NaOH aqueous solution under constant stirring for 1 h, leading to the formation of a milky-white solution. The product was then transferred to a Teflon-lined stainless steel autoclave (500 mL) and heat-treated at 160 o C for 23 h. The obtained white precipitate was recovered and washed several times with distilled water until the pH reached a neutral value.

Finally, the solid was dried in an oven at 100 o C overnight.

Synthesis of Au-functionalized NaTNTs:

This protocol is based on a previously published procedure with some modifications. [START_REF] Li | Photocatalytic Deposition of Gold Nanoparticles on Electrospun Nanofibers of Titania[END_REF] A 50 mL aqueous solution containing 5 mg of NaTNTs, HAuCl 4 (5 . 10 -5 M) and sodium citrate (1 . 10 -3 M) was magnetically stirred at 600 rpm while irradiated with UV light (λ = 365 nm) (Vilber Lourmat lamps, VL-4.LC). The reaction continued for 1 h, and the product obtained (pink coloration) was washed three times via centrifugation (7000 rpm, 20 min) and finally redispersed in 10 mL of water by ultrasonication. Higher concentrations of HAuCl 4 (1 . 10 -4 -2.5 . 10 -4 M) lead to the formation of large aggregates (see Figure S1 in the Supporting Information).

Structural characterization:

TEM images were obtained using a JEOL JEM 1010 and a JEOL JEM 2100 transmission electron microscopes operating at an acceleration voltage of 100 kV and 200 kV, respectively. TEM and elemental mapping by STEM-EDXS were carried out with an aberration-corrected transmission electron microscope (FEI Titan Themis) operating at an acceleration voltage of 200 kV. The samples for electron microscopy characterization were prepared by dropping a diluted suspension of the nanomaterials onto a holey carbon-coated Cu grid followed by evaporation of the solvent. UV-vis-NIR spectra were obtained in a Hewlett-Packard HP8453 spectrophotometer. X-ray diffraction (XRD) data were obtained using a Panalytical X'Pert X-ray diffractometer (Cu Kα radiation (λ= 1.5406 Å). Raman spectra were collected with a Renishaw in Via Reflex Raman Microscope and the experiments were conducted at room temperature by using three different excitation wavelengths: λ=785 nm, 633 nm and 514.5 nm.

Photocatalytic experiments:

The photocatalytic activity of NaTNTs and Au-functionalized NaTNTs was evaluated by the degradation of methylene blue (MB) in an aqueous solution under light irradiation from a 300 W Xe lamp with a cutoff filter to block a portion of UV light (LOT solar simulator 350-2400 nm). 5 mg of the corresponding catalyst were dispersed in 10 mL of Milli-Q water by using ultrasonication for 10 min. Then, these photocatalysts were added to an aqueous solution of MB (1 . 10 -4 M) for a total volume of 50 mL. The mixture was then stirred in the dark to allow the adsorption-desorption equilibrium to be established before irradiation with the solar simulator. The suspension was magnetically stirred and the temperature of the solution was kept stable at 23 °C inside a digitally controlled water bath. Aliquots of 3 mL were taken with intervals of 30 min during the experiments in order to measure the variation in the absorbance of MB (the samples were centrifuged prior to the optical measurement in order to remove the catalyst). For the selectivity experiments the same procedure was followed. In this case, the aqueous solution was composed by a mixture of MB, Tz and RhB, each of them with a concentration of 5 . 10 -5 M.

Results and discussion

Morphology and structural characterization of NaTNTs and Au-functionalized NaTNTs

NaTNTs are synthesized following a previously published procedure, consisting in the hydrothermal treatment of anatase-TiO 2 nanoparticles in the presence of NaOH at 160 o C. [START_REF] Sun | Synthesis and Characterization of Ion-Exchangeable Titanate Nanotubes[END_REF][START_REF] Wu | Sequence of Events for the Formation of Titanate Nanotubes , Nanofibers, Nanowires and Nanobelts[END_REF] This synthetic approach leads to the formation of tubular nanoparticles (Figure 1a,b) with a mean length of 148 (±35) nm and thickness of 8 (± 1) nm (Figure 1f,g). These anisotropic objects also present an internal cavity (~5 nm) which is particularly interesting for the adsorption/degradation of aromatic dyes (vide infra). Moreover, TEM images (Figure 1b)

show that the wrapping-up of individual titanate nanosheets is responsible for the formation of such scroll-like nanostructures.

Energy-dispersive X-ray spectroscopy (EDXS) has been used in order to ascertain the elemental composition of the nanotubes. Along these lines, even though both Na and Ti are clearly observed in the EDX spectrum, the relatively low intensity of the Na signal may imply that a high number of vacancies for this element could be present in the crystalline lattice (Figure S1). Moreover, the elucidation of the crystalline structure of the titanate nanotubes has been approached using X-ray diffraction. In this case, the XRD pattern for the NaTNTs synthesized herein shows four peaks centered at 9.81°, 24.22°, 28.45° and 48.34°. This signature has been previously ascribed to either monoclinic [START_REF] Pu | Au-Decorated Na x H 2-x Ti 3 O 7 Nanobelts Exhibiting Remarkable Photocatalytic Properties under Visible-Light Illumination[END_REF][START_REF] Viana | Decorating Titanate Nanotubes with CeO 2 Nanoparticles[END_REF] or orthorhombic [START_REF] Gao | In Situ Studies of Structural Stability and Proton Conductivity of Titanate Nanotubes[END_REF][START_REF] Tsai | Nanotube Formation from a Sodium Titanate Powder via Low-Temperature Acid Treatment[END_REF] crystalline phases. Along these lines, no significant differences can be discerned when fitting the obtained experimental results to the theoretical line profiles of these two crystalline models (Figure 1c,d). In view of this outcome, Raman spectroscopy has been used as a complementary tool to determine the crystalline structure of the NaTNTs. Figure 1e shows the Raman spectra of the as-prepared sample recorded using three different laser excitation wavelengths: 514.5, 633 and 785 nm. Interestingly, the very same Raman spectra are obtained independently of the excitation source used, which highlights the homogeneity of the sample (different laser excitation wavelengths lead to different penetration depths into the sample and thus, differences in composition due to local segregation could be detected as changes in the vibrational responses [START_REF] Otero-Lorenzo | Solvothermally Driven Mn Doping and Clustering of Iron Oxide Nanoparticles for Heat Delivery Applications[END_REF] ). According to group theory, while the monoclinic structure (space group C 12/m1 ) exhibits three active Raman modes (2A g + B g ), the orthorhombic crystalline phase (space group I mmm ) shows nine (3A g + 3B 1g + 3B 3g ). In the experimental Raman spectra of the nanotubes prepared herein, four main signals can be discerned centered at 278, 450, 661 and 908 cm -1 together with a barely discernible band at 194 cm -1 . Since the number of Raman active modes obtained experimentally is above that permitted for the monoclinic crystalline phase, we can state that these NaTNTs have an orthorhombic crystalline structure. Previous studies correlate our experimental bands with the Ti-O lattice vibrations within the 2D TiO 6 octahedral host layers of the 2D titanate structure. [START_REF] Gao | Raman Scattering Properties of a Protonic Titanate H x Ti 2-x/4 □ x/4 O 4 . H 2 O (□ va an y; x = 0.7) with Lepido ro ite-Type Layered Structure[END_REF] In accordance to this, we conclude that the cylindrical nanotubes synthesized herein are composed by rolled-up orthorhombic sodium titanate nanosheets, with no trace of impurities, chemical segregation, or formation of by-products. In order to improve the photocatalytic activity of NaTNTs, we have functionalized their outer surface with plasmonic nanoparticles. [START_REF] Pu | Au-Decorated Na x H 2-x Ti 3 O 7 Nanobelts Exhibiting Remarkable Photocatalytic Properties under Visible-Light Illumination[END_REF][START_REF] Tang | Visible-Light Plasmonic Photocatalyst Anchored on Titanate Nanotubes: A Novel Nanohybrid with Synergistic Effects of Adsorption and Degradation[END_REF] As previously explained, the interaction between a noble metal nanoparticle and a large band-gap semiconductor allows for the photo-activation of the latter in the visible range of the electromagnetic spectrum, due to the hot electron injection taking place between the Fermi level of the metal and the conduction band of the semiconductor. In the present work we have chosen the in situ synthesis of Au nanoparticles onto the NaTNTs since this approach provides a great degree of contact between both materials, thus permitting an easy flux of hot electrons once the plasmonic nanoparticles are excited. In this regard, Au has been preferentially selected above other metals that hold plasmonic responses in the visible such as Ag or Cu, due to its straightforward fabrication and stability against oxidation. The experimental procedure to obtain the metallic objects consists in the reduction of HAuCl 4 in the presence of titanate nanotubes, using sodium citrate as stabilizing agent. [START_REF] Li | Photocatalytic Deposition of Gold Nanoparticles on Electrospun Nanofibers of Titania[END_REF] Moreover, the presence of the organic molecule has proven to be critical since it also facilitates the reduction of the gold salt by acting as a scavenger agent (i.e., sodium citrate molecules are oxidized while HAuCl 4 is reduced). In this manner, a homogeneous distribution of highly crystalline spherical Au nanoparticles with a mean diameter of 7.7 (±1) nm can be observed at the surface of the NaTNTs without any trace of aggregation (Figures 2a-c, S2). The STEM-EDXS elemental mapping of the sample shows that Au can only be observed where the metal nanoparticles are located, without any segregation along the surface of the nanotubes (Figures 2d-g, S1). Interestingly, the methodology presented herein is extremely simple and easily reproducible at a larger scale. On the other hand, higher concentrations of gold precursor lead to the formation of irregular aggregates with dendritic morphology (Figure S3). Due to their larger size, such structures do not possess a strong plasmonic response in the visible or NIR regions, therefore lacking the properties demanded for the photosensitization of the semiconductor. 

Optical properties

UV-vis-NIR absorption spectroscopy has been used to characterize the optical properties of the NaTNTs and their resultant hybrids when functionalized with Au nanoparticles. In this way, the optical response of the composite material allows us to establish the range of wavelengths that may participate in the plasmonic photosensitization of the semiconductor. As displayed in Figure 3, both samples show a strong absorption signature in the UV region that corresponds to the excitation band-gap of the pristine NaTNTs. On the other hand, when Au nanoparticles decorate the external walls of the NaTNTs a secondary absorption band arises in the 500-650 nm range, due to the excitation of the conduction electrons at the surface of the metallic component. As postulated before, such a signature can have a key role in the ability of the hybrid composite to harvest photons in a broader range of the electromagnetic spectrum, leading therefore to an improved photocatalytic activity towards the degradation of organic dyes. 

Photocatalytic activity

Degradation of methylene blue in the presence of the Au-NaTNT nanocomposites has been studied in order to assess the photocatalytic performance of these hybrid architectures. With this aim, and as a preliminary step, the physicochemical interaction between the targeted dye and the surface of the catalyst has been investigated. Along these lines, the extent of dye adsorption is a central parameter in photodegradation processes [START_REF] Feng | Mildly Alkaline Preparation and Methylene Blue Adsorption Capacity of Hierarchical Flower-like Sodium Titanate[END_REF][START_REF] Wen | Morphology, Crystal Structure and Adsorption Performance of Hydrothermally Synthesized Titania and Titanate Nanostructures[END_REF] such as those presented in this work. For that reason, we have characterized the adsorption of MB onto the surface of the NaTNTs and compared these results with those obtained when using TiO 2 nanoparticles. As can be observed in Figure 4, while the amount of dye adsorbed on the surface of TiO 2 nanoparticles was negligible after 180 min of stirring in the dark, 55% of the initial dye concentration became adsorbed on the surface of the nanotubes when using NaTNTs. This is likely due to their high intrinsic porosity, large specific surface area and the strong electrostatic interaction between the positively charged dye and the negatively charged surface of these tube-shaped catalysts. Moreover, the morphology of these objects offers an internal cavity that can contribute to further extend the area on which organic molecules can be adsorbed. Once the adsorption-desorption equilibrium in the dark has been reached, the photo-oxidation of MB in the presence of the titanate composites has been studied. To this end, we have followed the decrease in the absorption maximum of the dye (665 nm) under irradiation with a solar simulator covering a spectral region ranging from 350 to 2400 nm. As a control experiment, the photocatalytic activity of the pristine NaTNTs has been assessed. Such a material shows a scarce photocatalytic activity (27% degradation of MB) that may be ascribed to the small portion of UV light irradiated from the solar simulator (350-400 nm). This high energy photons are able to create the electron-hole pairs that ultimately generate the radical species responsible for the photodegradation of the organic dye. [START_REF] He | Microwave Photocatalytic Degradation of Rhodamine B Using TiO 2 upported on A tivated arbon : e hanism mpli ation[END_REF][START_REF] Hu | Oxidative Decomposition of Rhodamine B Dye in the Presence of VO 2 + and or Pt ( V) under Visible Light rradiation : -Deethylation, Chromophore Cleavage, and Mineralization[END_REF][START_REF] Gan | Visible Light Induced Methylene Blue Dye Degradation Photo-Catalyzed by WO 3 /graphene Nanocomposites and the Mechanism[END_REF] Instead, when Au nanoparticles are adsorbed at the surface of the NaTNTs a remarkable 72% degradation of MB is observed (Figure 5a). This finding undoubtedly shows the validity of plasmonic photosensitization as an effective means to increase the photocatalytic activity of semiconductors holding large band-gaps. [START_REF] Pu | Au-Decorated Na x H 2-x Ti 3 O 7 Nanobelts Exhibiting Remarkable Photocatalytic Properties under Visible-Light Illumination[END_REF] Moreover, such a photosensitizing effect is particularly valuable taking into account the characteristic turbidity of wastewaters in sewage treatment plants, which can adversely affect the amount of radiation reaching the semiconductor and, by extension, the operability of the photocatalyst.

Even though these results demonstrate the interest of this architecture as a photocatalytic agent towards the decomposition of MB, realistic applications imply the usage of such materials in complex environments where other species are present in solution. At this point, it must be noted that wastewaters usually contain a wide variety of contaminants whose degradability may largely differ from one to another. Therefore, the fabrication of selective materials may be of great benefit in order to target highly persistent toxic compounds leaving the more labile pollutants to be eliminated by the less costly biological treatments. The importance of implementing selective strategies in the wastewater treatment sector is further justified by the risks associated to the alarming array of emerging contaminants and their effect in human health and environment. In this regard, current wastewater treatment plants are not designed to specifically remove this type of low-level contaminants, rendering necessary the formulation of strategies able to deal efficiently with these new challenges.

In order to address the selectivity issue, a complex mixture of several organic dyes has been used as a test to validate the selective capabilities of the Au-NaTNT catalyst. With this aim, the simultaneous photocatalytic degradation of three different model pollutants (MB, RhB and Tz) has been carried out. In this case, the major differences between the absorption spectra of the three compounds allow for an interference-free monitoring of the photodegradation for each one of them, thus facilitating their tracking over time. Following the procedure previously described, the three dyes and the Au-NaTNT composites were mixed together under dark conditions and then, enough time was allowed for the adsorption/desorption equilibrium to be established. After this, we performed the solar-simulated photodegradation of these model pollutants. As displayed in Figure 5b, a 65% decomposition of MB takes place after 240 min, while Tz and RhB remain in solution showing no trace of reaction after that time. These results clearly evidence the selectivity to MB which the Au-NaTNT composite is endowed with, suggesting that the particular interaction between this dye and the surface of the catalyst constitutes a major parameter governing the degradation of this organic compound in the mixture. The observed selectivity towards MB over Tz and RhB can be attributed to net charge of the dyes under consideration. In this case, the surface of the NaTNTs governs the preferential adsorption of the positively charged molecules through electrostatic interactions, thereby facilitating a high degree of contact between MB and the photocatalyst (see chemical structures in Figure S3). On the other hand, the negatively charged Tz remains intact in solution due to the electrostatic repulsions established between this dye and the adsorbent. In a similar way, the interaction of RhB with the nanotube surface is significantly weakened due to the deprotonation of the RhB carboxyl group when dissolved in water and thus, the formation of a zwitterionic species. In view of the foregoing, these results suggest that approaches based on a controlled charge-directed
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adsorption can constitute an effective technique for the selective environmental remediation of a wide variety of organic compounds.

In conclusion, the synthesis and characterization of a hybrid nanomaterial comprising a titanate nanotube functionalized with Au nanoparticles has been performed. Through this approach, the inherent physical properties of NaTNTs (large surface area, high adsorption selectivity and easy recovery capabilities) can be reinforced through a plasmonic electron transfer from the noble metal to this large band-gap semiconductor, thus leading to an improved photocatalytic degradation since a broader range of the electromagnetic spectrum can be exploited. Interestingly, this enhanced performance is further endowed with selective capabilities, which represents an added value for the implementation of these architectures in complex solutions. The synergistic integration of the adsorptive and photocatalytic properties of these hybrid nanocomposites may serve as a powerful tool when facing the current challenges of the wastewater treatment sector. In this regard, targeting and subsequent elimination of highly persistent pollutants and low-level emerging contaminants can be envisioned as a promising field of application for these architectures.
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