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Introduction

Only recently, nanometric ions, called nano-ions (NIs), have been shown to strongly (i) adsorb to surfaces covered with hydrated moieties, e.g. sugars, polyethylene glycols at micellar or water-air surfaces, [START_REF] Naskar | Nanometer-Size Polyoxometalate Anions Adsorb Strongly on Neutral Soft Surfaces[END_REF][2] [START_REF] Buchecker | Polyoxometalate / polyethylene glycol interactions in water : From nanoassemblies in water to crystal formation by electrostatic screening[END_REF] and (ii) to bind to the cavity of macrocycles, e.g. cyclodextrins [START_REF] Assaf | Water structure recovery in chaotropic anion recognition: High-affinity binding of dodecaborate clusters to γ-cyclodextrin[END_REF] [START_REF] Yao | Hofmeister effect in the Keggin-type polyoxotungstate series[END_REF]. The unexpectedly strong binding of NIs with these electrically neutral systems was described as a "superchaotropic" behavior [START_REF] Naskar | Nanometer-Size Polyoxometalate Anions Adsorb Strongly on Neutral Soft Surfaces[END_REF][4] [START_REF] Assaf | The Chaotropic Effect as an Assembly Motif in Chemistry[END_REF] by comparison with the effect of classical (smaller) chaotropic ions such as iodide (I -) or thiocyanate (SCN -), usually classified in the Hofmeister series. [START_REF] Kunz | Specific ion effects[END_REF] [START_REF] Kunz | Zur Lehre von der Wirkung der Salze" (about the science of the effect of salts): Franz Hofmeister's historical papers[END_REF] It was proposed that the superchaotropic effect, or superchaotropicity (SC), is a solvent-(water-) mediated phenomenon, emerging from the favorable release of (high energy) water molecules from the hydrated surface moieties (or the interior of macrocycles) and from the weakly hydrated NIs towards bulk water upon adsorption/binding. [START_REF] Naskar | Nanometer-Size Polyoxometalate Anions Adsorb Strongly on Neutral Soft Surfaces[END_REF] The strength of the SC effect of different polyoxometalates (POMs), was evaluated by their influence on the clouding temperature of a non-ionic surfactant, tetraethylene glycol monooctylether (C8E4), and by the strength of their adsorption on C8E4 micelles which were characterized by an adsorption constant in the millimolar range. [START_REF] Buchecker | Polyoxometalates in the Hofmeister series[END_REF] From the classification of different POMs obtained with this approach, it was concluded that the overall charge density of the NIs is a decisive parameter in their SC behavior, i.e. the lower the charge density, the stronger the SC behavior, the stronger the binding. Remarkably, the SC effect appeared to be independent of the chemical nature of the nanoions. Indeed, a wide variety of nano-ions, such as boron clusters [START_REF] Assaf | Water structure recovery in chaotropic anion recognition: High-affinity binding of dodecaborate clusters to γ-cyclodextrin[END_REF] [START_REF] Assaf | The Chaotropic Effect as an Assembly Motif in Chemistry[END_REF] and hydrophobic ions, e.g. tetraphenyl-borate or -phosphonium [START_REF] Pérez-Fuentes | Effect of organic and inorganic ions on the lower critical solution transition and aggregation of PNIPAM[END_REF][10], were classified as superchaotropes. In a recent work, all these nano-ions were investigated and unified regarding their effect on the phase behavior of nonionic polyethoxylated surfactants (CiEj). [START_REF] Hohenschutz | How Nano-Ions Act Like Ionic Surfactants[END_REF] It was concluded that NIs, independently of their chemical nature, act similarly to ionic surfactants when mixed with polyethoxylated surfactants, i.e. both NIs and ionic surfactants bring charges to the non-ionic surfactant aggregates (micelles or lyotropic phase). The mechanism of NIs differs from the one of (anionic) surfactants, as NIs stick at the surface of non-ionic aggregates by a dehydration process, i.e. upon the SC effect, whereas for anionic surfactants their alkyl chains are anchored in the non-ionic aggregates by the hydrophobic effect. However NIs, with some exceptions such as the boron clusters from the metalla bis-dicarbollide class, [START_REF] Bauduin | A theta-shaped amphiphilic cobaltabisdicarbollide anion: Transition from monolayer vesicles to micelles[END_REF] are not surfactants by themselves as they are not surfaceactive, neither form micelle or lyotropic phases in water. It is worth mentioning here that an official definition of SC, and clear distinction between SC and hydrophobicity, is still missing and that this point is still actively under debate in the community. [START_REF] Drummond | Can Polyoxometalates be Considered as Super-Chaotropic Ions?[END_REF] In the recent years, the binding of POMs was observed on hydrophilic neutral solutes, namely (oligomeric) polyethylene glycol (PEG) [START_REF] Buchecker | Polyoxometalate / polyethylene glycol interactions in water : From nanoassemblies in water to crystal formation by electrostatic screening[END_REF] and poly-N-isopropylacrylamide (PNiPAM) [START_REF] Buchecker | Self-assembly of short chain Poly-N-isopropylacrylamid (PNIPAM) induced by superchaotropic Keggin Polyoxometalates: from globules to sheets[END_REF]. Both systems are linear chains, non-amphiphilic and they do not self-assemble at low concentrations when they are in water. Nevertheless, POMs of the α-Keggin type, namely the phosphotungstate, PW12O40 3-(PW), and silicotungstate, SiW12O40 4-(SiW), see Fig. 1a, were found to interact strongly, through the SC effect, with PEG and PNiPAM to form nano-assemblies: PEGdecorated POMs and large sheet/globular structures respectively. [START_REF] Buchecker | Polyoxometalate / polyethylene glycol interactions in water : From nanoassemblies in water to crystal formation by electrostatic screening[END_REF] [START_REF] Buchecker | Self-assembly of short chain Poly-N-isopropylacrylamid (PNIPAM) induced by superchaotropic Keggin Polyoxometalates: from globules to sheets[END_REF] There exclusively the acidic POM forms were used which is noteworthy, as POMs already provide different behaviors in water by exchanging the POM`s cation. [START_REF] Misra | Beyond Charge Balance: Counter-Cations in Polyoxometalate Chemistry[END_REF] As a conclusion, the binding (or SC behavior) of NIs with these latter hydrophilic polymeric solutes induces their self-assembly in a wide variety (size and shape) of supramolecular structures. It was also shown that the binding of POMs with neutral macrocycles enabled to elaborate complex hybrid materials with nanometric structuration. [START_REF] Falaise | Probing Dynamic Library of Metal-Oxo Building Blocks with γ-Cyclodextrin[END_REF] In the present contribution, we investigate further the interaction between NIs and organic neutral solutes, by focusing on PW and SiW in water with an organic solvent, which is a short chain amphiphilic molecule, the di-propylene glycol n-propylether (C3P2), see Fig. 1b. C3P2 is an industrial organic solvent used in diverse applications fields, such as in cleaners, cosmetics and coatings/paints. [START_REF] Stoye | Solvents[END_REF] It belongs to a class of molecules known as "hydrotrope", which refers to short amphiphilic molecules. [START_REF] Kunz | [END_REF][19] [START_REF] Hodgdon | Hydrotropic solutions[END_REF] The alkyl chain of a hydrotrope (its hydrophobic part) is too short (or too small) to induce micellization at relatively low concentrations (< 0.1 mol L -1 ), as it is observed with true surfactants having a linear alkyl chain with at least seven carbon atoms. [START_REF] Evans | The Colloidal Domain, Second edi[END_REF] Compared to surfactants, forming well-defined micelles at low concentrations (< 0.1 mol L -1 ), most of the hydrotropes form illdefined "aggregates" at high concentrations in water typically above 0.5 mol L -1 . [START_REF] Kunz | [END_REF][22] Hence, C3P2 is, compared to the previously investigated solutes, i.e. non-ionic polymers (PEG, PNiPAM), macrocycles and surfactants (CiEj) [START_REF] Buchecker | Polyoxometalates in the Hofmeister series[END_REF][3] [4] [START_REF] Buchecker | Self-assembly of short chain Poly-N-isopropylacrylamid (PNIPAM) induced by superchaotropic Keggin Polyoxometalates: from globules to sheets[END_REF], an interesting candidate to investigate the SC effect of POMs as: (i) it has a low molecular weight and shows a more pronounced hydrophobic character, leading to a partial co-miscibility with water at room temperature (ii) it enables to work on both, the monomeric state (non-aggregated) at low C3P2 concentrations and on ill-defined aggregates (typical for hydrotropes) at high concentrations. Moreover, C3P2 is well known to be thermosensitve as it shows a cloud point (CP) in water with a lower critical solubilization temperature (LCST) at ~14 °C [START_REF] Bauduin | Temperature dependence of industrial propylene glycol alkyl ether/water mixtures[END_REF] [START_REF] Grundl | Salting-out and salting-in effects of organic compounds and applications of the saltingout effect of Pentasodium phytate in different extraction processes[END_REF]. The evolution of the CP of C3P2 by adding different salts was previously proposed as a convenient and representative method to investigate the kosmotrope/chaotrope behavior of salts and therefore specific salt effects. [START_REF] Bauduin | Hofmeister ion effects on the phase diagrams of water-propylene glycol propyl ethers[END_REF] Consequently, the evolution of the CP of C3P2 by the addition of POMs is investigated here to monitor the SC effect. The results are compared to similar CP experiments previously performed on other thermosensitive systems: C8E4 surfactant [START_REF] Naskar | Nanometer-Size Polyoxometalate Anions Adsorb Strongly on Neutral Soft Surfaces[END_REF][2] and PNiPAM. [START_REF] Buchecker | Self-assembly of short chain Poly-N-isopropylacrylamid (PNIPAM) induced by superchaotropic Keggin Polyoxometalates: from globules to sheets[END_REF] The formation of supramolecular structures, i.e. POM-C3P2 assemblies in water, in the PW(/SiW)/C3P2 aqueous systems is investigated by combining small angle X-ray and neutron scattering (SAXS and SANS) and 1 H-nuclear magnetic resonance ( 1 H-NMR).

Materials and methods

Materials

Phosphotungstic acid hydrate (H3PW12O40 • x H2O, PW, MW = 2898 g/mol, 99.995% purity), silicotungstic acid hydrate (H4SiW12O40 • x H2O, SiW, MW = 2878 g/mol), phosphomolybdic acid hydrate (H3PMo12O40 • x H2O, PMo, MW = 1825 g/mol) and NaSCN were purchased from Sigma Aldrich and used without further purification. Concentrations calculations were done with xPW = 7 and xSiW = 25. C3P2 was purchased from Sigma Aldrich and used as obtained. Milli-Q water was used with a conductivity lower than 10.5 µS/cm and a total organic carbon content of 400 ppb.

Cloud point (CP) measurements / pseudobinary phase diagram

For CP measurements, 3 g of ternary (water, C3P2 and POM/salt) mixtures were prepared into screwable tubes of borosilicate glass. The tubes were put into a thermostat (Thermomix_1460, B. Braun Melsungen AG) in special tube holders. The thermostat was heated with a heating rate of approximately 1 °C min -1 and the phase separation was detected visually by the appearance of a white clouding in the sample. The expected precision of the measurements is approximately ± 1 °C.

Small angle X-ray scattering (SAXS)

SAXS measurements, using Mo radiation (λ = 0.071 nm), were performed on a bench built by XENOCS. The scattered beam was recorded using a large online scanner detector (diameter: 345 mm, from MAR Research). A large q-range (0.2 to 35 nm - 1 ) was covered with an off-center detection. The collimation was applied using a 12:∝ multilayer Xenocs mirror (for Mo radiation) coupled to two sets of scatter less FORVIS slits providing a 0.8 × 0.8 mm X-ray beam at the sample position. Pre analysis of data was performed using the FIT2D software.

The scattered intensities, Intensity or I(q), are expressed versus the magnitude of scattering vector q = [(4π)/λ]sin(θ/2), where λ is the wavelength of incident radiation and θ the scattering angle. 2 mm quartz capillaries were used as sample containers for the solutions. Usual corrections for background (empty cell and detector noise) subtractions and intensity normalization using a high-density polyethylene film as a standard were applied.

Experimental resolution was ∆Q/Q = 0.05. Silver behenate in a sealed capillary was used as the scattering vector calibration standard. All experiments were performed at 22 ± 2 °C.

Small angle neutron scattering (SANS)

All measurements were performed on beamline D33 at the Institut Laue-Langevin (ILL) in Grenoble, France. The measurements were made in time-offlight (TOF) mode. All measurement parameters on D33 are controlled by the NOMAD software on site and were calibrated according to Dewhurst et. al. [START_REF] Dewhurst | The small-angle neutron scattering instrument D33 at the Institut Laue -Langevin[END_REF] Sample-to-detector distances were at 3 and 7 m with collimation at 7.8 m. This enables to cover an even larger q-range than using solely one detector at a fixed position. Afterwards both parts of the SANS spectra, detected by a set of 4+1 detectors, were merged and treated with the GRASP software on site. Note, that the merging of the spectra of the different panels make some inhomogeneities appear in the spectra at q around 0.8 nm -1 . Water was used as a calibrant in order to obtain absolute intensities. Quartz cuvettes from Helma with thicknesses of 1 or 2 mm were used as sample containers. The samples were thermostated at 20 ± 1 °C. The acquisition times were set to 15 minutes taking into consideration sample thickness and composition, i.e. the level of scattering. Note, that the presented SANS spectra are subtracted by the signal of D2O but contain incoherent scattering due to the presence of H atoms in the samples.

Results and discussion

POMs in diluted C3P2 aqueous solutions

Fig. 2 shows the evolution of the CP of 10 wt% (0.57 mol kg -1 ) C3P2 upon the addition of POMs: PW, SiW and phosphomolybdate (PMo). The CP of 10 wt% C3P2 is 45 °C which is in agreement with literature. [START_REF] Bauduin | Temperature dependence of industrial propylene glycol alkyl ether/water mixtures[END_REF][24] By adding POM, the CP evolution can be divided into two regimes: (I) with c(POM) ≤ 15 mmol kg -1 and (II) with c(POM) > 15 mmol kg -1 . In regime (I) the CP is strongly increased, up to 55 °C, upon adding POMs. A high increase in the CP was previously observed for C8E4 and PNiPAM systems upon the addition of different POMs. [START_REF] Naskar | Nanometer-Size Polyoxometalate Anions Adsorb Strongly on Neutral Soft Surfaces[END_REF][14] There it was shown by SAXS and SANS that this strong salting-in effect was due to the binding of POMs to C8E4 micelles and to the PNiPAM polymer chains. These native non-ionic systems become more hydrophilic upon binding with POMs because they acquire electrostatic repulsions from the bound, charged POMs. Therefore, the strong CP increase of C3P2 suggests that POMs interact with C3P2 in a comparable manner. In regime (I) the CP increase is more pronounced for PW and PMo compared to SiW. This trend, PW ~ PMo > SiW, was previously observed with the C8E4 micellar system and it was attributed to the lower charge density of PW/PMo (3-) compared to SiW (4-) which subsequently leads to a stronger binding. [START_REF] Buchecker | Polyoxometalates in the Hofmeister series[END_REF] This difference was therefore explained by a more favorable release of hydration water for PW/PMo compared to SiW, considering that the lower the charge density of the POM (or NI) the weaker their hydration. A stronger binding, i.e. a stronger SC behavior, for PW compared to SiW was also observed with cyclodextrin. [START_REF] Assaf | The Chaotropic Effect as an Assembly Motif in Chemistry[END_REF] In regime (II) the CP is increased linearly upon further addition of SiW whereas the addition of PW and PMo cause a significant decrease of the CP. PW causes a more pronounced CP decrease, compared to PMo, even below the initial CP value of 45 °C. Hence, the increase in the POM concentration, in regime (II), produces a reversal of the series of the CP increase in regime (I): PW < PMo << SiW. Such a reversal in the SC behavior of POMs was, to the best of our knowledge, never reported in the literature so far. In order to find an explanation for this unprecedented behavior, small angle X-ray and neutron scattering (SAXS and SANS) was performed on 10 wt% C3P2 solution with PW and SiW in regime (I) at 5 mmol kg -1 and in regime (II) at 50 mmol kg -1 , see Fig. 3. For the SAXS, comparison was made with the SAXS spectra of POMs in pure water, as the scattering of POMs mainly contributes to the SAXS spectra. Indeed, the C3P2-water contrast is much weaker than the POM-water (or POM-C3P2) contrast. The spectra show the scattered intensity, ( ) (provided in cm -1 ), as a function of the wave vector, q (given in nm -1 ). For isotropic dispersions of finite size scattering objects, the scattered intensity may be expressed as: ( ) = (0) ( ) ( ) where (0) is the forward scattering, cf. Eq. S1. ( ) and ( ) are the form and structure factors which take into account respectively for the shape/size of the scattering objects and their interactions, which can be either repulsive or attractive depending on their size/shape/electrical charge and on the concentration of the scattering objects. The SAXS spectra of SiW and PW in water in Fig. 3a/b show the typical scattering pattern of repulsive spherical (globular) scattering objects. The decrease in the scattered intensity visible for q values above around 2 nm -1 arises from the form factor, P(q), of the Keggin POMs, which can be approximated as a sphere. The lower scattered intensity for q < 2 nm -1 arises from repulsive POM-POM interactions, S(q), which is expected between electrically charged particles or scatterers in general. In case of 50 mmol kg -1 of POMs, the overall scattered intensity is around ten times stronger than at 5 mmol kg -1 , which is expected according to Eq. S2. Moreover, broad peaks at intermediate q values (see orange arrows in Fig. 3a/b) are clearly visible in the spectra at 50 mmol kg -1 for PW and SiW, indicating stronger POM-POM repulsive interactions. These broad peaks are further described by Eq. S3. More detailed description and fits of the P(q) and S(q) of For PW, the SAXS spectra are shown in Fig. 3b, for 5 and 50 mmol kg -1 in water and in an aqueous solution containing 10 wt% C3P2. These two POM concentrations are compositions in regime (I) and in regime (II) respectively cf. Fig. 2. The SAXS spectrum of 5 mmol kg -1 PW in presence of 10 wt% C3P2 shows a significant excess scattering, at q < 2 nm -1 , as previously observed for PW-PEG assemblies, i.e. PW decorated by in average two PEG oligomers. [START_REF] Buchecker | Polyoxometalate / polyethylene glycol interactions in water : From nanoassemblies in water to crystal formation by electrostatic screening[END_REF] Therefore, this excess scattering suggests PW-C3P2 nano-assemblies are formed. Indeed, the PW-C3P2 nano-assemblies are expected to produce excess scattering in the low q range compared to bare PW because nanoassemblies are larger than the PW. Note, that for SiW at 5 mmol kg -1 no excess scattering was Intensity / cm -1 q / nm -1

(c)

observed suggesting that no (or too few) SiW-C3P2 nano-assemblies are formed at low SiW concentration. In case of 50 mmol kg -1 PW with 10 wt% C3P2 a much different scattering pattern is observed. Compared to the SAXS spectrum of 50 mmol kg -1 PW in water (Fig. 3b green symbols), a several fold increase in the scattered intensity in the low q-range is observed in 10 wt% C3P2 medium (Fig. 3b blue symbols). Such a large scattering excess in the low q range can only be explained by a clustering of several PWs. Indeed, the electron density of PW is very high compared to water or C3P2. Consequently, the scattering in SAXS is here nearly exclusively produced by the PW (or POM generally) and we can conclude that aggregates (or clusters) contain several PWs. Moreover, the excess scattering, due to these aggregates is observed in a q-range below 1.3 nm -1 , which informs on the size of the aggregates (3-5 nm). The SAXS spectrum also shows two strong correlation peaks at (i) qmax1 = 0.8 nm -1 and (ii) qmax2 = 4 nm -1 . The peak at qmax1 = 0.8 nm -1 can be attributed to cluster-cluster correlations. The decrease in the scattered intensity at < 0.8 nm -1 is a signature of strong repulsive interactions, which are expected here as the clusters are constituted by several negatively charged POMs. According to Eq. S3, the average cluster-cluster distance is 7.9 nm. The correlation peak at qmax2 = 4 nm -1 corresponds to correlations at much shorter distances and can be attributed to correlations between PWs in the clusters with a PW-PW distance of dPW-PW = 1.6 nm. Both the correlation peaks and the presence of electrostatic repulsions indicate the formation of colloidal particles (aggregates) formed by PW and presumably C3P2. It is remarkable, that the spectrum (blue symbols in Fig. 3b) shows an overall shape similar to the spectrum previously observed for a shell-decorated micelle consisting of a nonionic surfactant and POMs in the micellar corona. [ S3.

Upon the addition of 5 mmol kg -1 SiW the scattering curve remains unchanged. Hence, SANS does not show any larger nano-assemblies and supports the SAXS results (Fig. 3a red symbols). By increasing the concentration of SiW to 50 mmol kg -1 (Fig. 3c dark symbols) the whole scattering curve is shifted by a factor of approximately two (from the red to the dark curve). This result suggests that around two C3P2 molecules self-assemble, presumably at the surface of a SiW anion. Moreover, a weak correlation peak is present at q around 1 nm -1 , as observed in the SAXS spectrum (Fig. 3a blue symbols). As the correlation peaks are independent of the type of radiation used, it can be concluded that SAXS and SANS investigate the same scattering objects. Hence, the combination of SAXS and SANS indicates the formation of nanoassemblies, consisting of one SiW and approximately two C3P2 molecules, presumably replacing partially the SiW hydration water. Therefore, the combination of SANS, SAXS and 1 H-NMR leads us to the conclusion, that 1:1 complexes between SiW and C3P2 complexes are formed at low concentrations of SiW (5 mmol kg -1 ) and 1:2 complexes at high SiW concentrations (50 mmol kg - 1 ). This suggests sucessive formation of the complexes with the following equilibria, C3P2 (~ 0.57 mol kg -1 ) being in these experiments always in large excess compared to SiW:

C3P2 (excess) + SiW ↔ SiW-C3P2 (1) 
SiW-C3P2 + C3P2 (excess) + SiW ↔ SiW-[C3P2]2 (2)
For PW, the SANS spectrum of 5 mmol kg -1 PW in 10 wt% C3P2 (Fig. 3d) shows (i) an increase in the overall scattering by a factor of two (compared to the spectrum without PW, red symbols in Fig. 3d) and (ii) a correlation peak at q = 0.8 nm -1 . This correlation peak again corresponds to the correlation peak observed by SAXS, see Fig. 3b red symbols. Consequently here for PW 5 mmol kg -1 , SAXS and SANS suggest the presence of PW-C3P2 (1:2) nano-assemblies, i.e. PW-[C3P2]2. In case of 50 mmol kg -1 PW in 10 wt% C3P2, the SANS spectrum shows, at q < 1 nm -1 , a much stronger scattering, around eight to ten times stronger than the scattering obtained with 10 wt% C3P2. This is a clear signature of cluster formation containing several C3P2 molecules and with a size of around 3-5 nm. Moreover, a correlation peak is obtained at qC-C = 0.8 nm -1 , which is at the same position as the correlation peak observed in SAXS, qmax1 Fig. 3b, blue symbols. Therefore, here SAXS and SANS probes the same aggregates, which are consituted by several PW anions and C3P2 molecules.

Moreover, in the low q-range, below 0. Therefore SiW and PW show a clear difference in their self-assembly behavior with C3P2, which can help to explain the different evolutions observed in the CP upon the addition of POM. Indeed two regimes (I) and (II) in the CP evolutions (Fig. 2) were distinguished and defined according to the different behavior of SiW and PW. In regime (I) the stronger increase in the CP obtained with PW (or PMo), compared to SiW, can be explained by a stronger binding constant with C3P2, as a result of a stronger superchaotropic character of PW compared to SiW. This assumption is further supported by SAXS and SANS as PW forms PW-[C3P2]2 nanoassemblies at lower concentrations compared to SiW. In regime (II) at 50 mmol kg -1 , SiW still forms POM-[C3P2]2 nano-assemblies, which is associated to a further increase of the CP, whereas PW leads to the formation of larger [POM]m[C3P2]n aggregates which are less stable towards a temperature increase, i.e. leading to a decrease in the CP. It can be concluded here that the stronger superchaotropic behavior of PW, compared to SiW, promotes selfassembly, as a result of a stronger SC effect and/or weaker POM-POM electrostatic repulsions. The stability of charged colloid dispersions is, in most cases, well understood in terms of the famous Derjaguin-Landau-Verwey-Overbeek (DLVO) theory [START_REF] Isrealachvili | Intermolecular and Surface Forces[END_REF] and is dominated by electrostatic repulsions and van der Waals attraction. More recent deviations from DLVO forces have been implemented by taking into account additional shortrange repulsive "hydration" forces. [START_REF] Molina-Bolívar | The role played by hydration forces in the stability of proteincoated particles: Non-classical DLVO behaviour[END_REF][32] Here, the [POM]m[C3P2]n colloids are charged and therefore stabilized by electrostatic repulsions, and most likely also by hydration forces. It is likely that the formation of [POM]m[C3P2]n aggregates upon addition of PW reaches saturation, i.e. where a maximum amount of aggregate is formed. Indeed, CP evolution upon addition of (super)chaotropic salts have been previously fitted by a Langmuir adsorption isotherm model, which implies full coverage of surfaces by adsorbed species at high concentrations. [START_REF] Buchecker | Polyoxometalates in the Hofmeister series[END_REF][14] [START_REF] Zhang | Specific ion effects on the water solubility of macromolecules: PNIPAM and the Hofmeister series[END_REF] Further addition of PW, above the saturation limit, would therefore lead to unbound PW anions which can play the role of background salt and screen electrostatic repulsions between the [POM]m[C3P2]n colloids. In previous contributions, the dual behavior of POMs, as background salts (3:1 or 4:1 salts) and as small charged colloids, has been discussed. [START_REF] Malinenko | Are Keggin's POMs Charged Nanocolloids or Multicharged Anions?[END_REF] Therefore we propose here that the decrease in the CP in the regime (II) arises from the destabilization of the [POM]m[C3P2]n colloids by screening of the electrostatic repulsions due to excess (unbound) PW. It can be assumed that hydration forces are not sufficient to keep the colloids stable, which is expected as the SC effect results from the favorable dehydration process of nano-ions and solutes (or surface or macrocycle). 

Investigation of [POM]m-[C3P2]n colloids
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The volume fraction of H2O (or D2O) of the colloids is expressed as

Ф . 6 1 7 = 1-Ф . 08 -Ф . . / 0 1 . (7) 
The composition of the colloids, i.e. Ф . 6 1 7 , Ф . 08 and Ф .

. / 0 1 , can be determined from the scattering length density of the colloids: -. 2392 and -. 2342 . Numerical values of these scattering length densities can be obtained by fitting simultaneously the experimental SAXS/SANS in absolute scattering scale. For the fitting procedure, we considered a model of spheres, IJKLML ( , O . ), with a homogenous scattering length density in the colloids, -. 2392 or -.

2342 respectively for SANS and SAXS. A Hayter-MSA structure factor [START_REF] Taylor | Molecular Physics : An International Journal at the Interface Between Chemistry and Physics An analytic structure factor for macroion solutions[END_REF][35], S HMSA (q, RHS, IS, ΦC , ncharge), was used in order to take into account for the electrostatic repulsive interactions between the colloids. IS, ΦC, ncharge are the ionic strength, the volume fraction of c and the number of electrical charges per colloids. Note, that ΦC is also contained and fitted in the prefactor, as (0) = X Y Z .

[ (\-) [ = ] . Z . (\-) [ . This model was applied to the experimental SAXS and SANS spectrum, shown in Fig. 4. The experimental SAXS spectrum was subtracted by a constant of 0.55 cm -1 to remove the POM contribution, in the range q > 3 nm -1 . Consequently, the focus here is made on the colloids, which mainly contributes to the scattering in the small angle part, q < 3 nm -1 . The simultaneous SAXS/SANS fit enables to perfectly reproduce the experimental spectra in absolute value, see Fig. 4. The numerical values of the fitting parameters, obtained for the best fit, are collected in Table 2. More details on the fitting procedure are given in the supporting information, Fig. S4 -S8 and Table S1 -S5. The volume fractions of the three components in the colloids were calculated by using equations 5 and 6, see Table 3. Therefore, the values of the scattering length densities, -. 2392 and -. 2342 , obtained from the fit, cf. Table 2, were used. The number of PW, C3P2 and water molecules in a colloid (@ . A ) were consecutively calculated from the volume of the spherical colloids, Z . = 4^O . _ 3 ⁄ , and Ф . A by

Table 2. Numerical output values

@ . A = Ф a b c a c b . ( 8 
)
Here Z A represents the molecular volume of the component i.

These results here enable to derive many representative conclusions on the formation of the colloids. They are mostly composed of C3P2 (84 vol%) and PW (14 vol%) and contain nearly no water, which goes in line with the driving force of the SC effect, i.e. the thermodynamically favourable dehydration of the nano-ion and the solute (or surface). The total volume fraction of the colloids, ΦC, is around 2 vol% which is small compared to volume fraction of C3P2 (10 wt% ~ 9 vol%), indicating that a large quantity of C3P2 remains outside the colloids in surrounding solvent as monomers. The fraction of PW and C3P2 aggregated in the colloids can be further calculated:

f ghhMLhgiLj, A = Ф a b k a Ф lmlno b • f AqAiAgr, A (9) 
This gives f ghhMLhgiLj, 08 = 13 mmol kg -1 and f ghhMLhgiLj, . / 0 1 = 1.8 wt% = 102 mmol kg -1 , compared to the total concentrations 50 mmol kg -1 of PW and 10 wt% C3P2, meaning that approximately 1/4 of the PW and 1/5 of C3P2 participates to the colloids. It is highly noteworthy, that f ghhMLhgiLj, 08 = 13 mmol kg -1 corresponds well with the boarder of regime (I) and (II) and supports the hypothesis of a saturation, where a maximum amount of colloids are formed as stated above. Therefore, the free or excess, PW can screen the electrostatic repulsions between the colloids promoting a decrease in the CP upon further increase in the PW concentrations as proposed , see Fig. 3b. Indeed the average aggregation number of POM in the colloids, @ . 08 , can be estimated, by assuming a distribution of the colloids in a cubic lattice and from s .C. ,with the following equation: The peak position for 10 wt% C3P2 and 50 mmol kg - 1 is at qC-C = 0.85 nm -1 which gives @ . 08 = 3.2 if we consider caggregated, PW = 13 mmol kg -1 . Note, that a detailed treatment of all peak positions in the measured SAXS spectra is given in Table S6. Moreover, we can calculate @ . 08 from the number of charges of the colloids from the fitting results, i.e. 10.9. By assuming full dissociation of the counterion of PW, meaning that the effective charge of PW is 3-, then @ . 08 = 10.9/3 = 3.6. Therefore, the three independent methods used here to estimate the number of PW in the colloids are in relatively good agreement, giving in average four PW in a colloid: @ . 08 (from the fitting procedure) = 4.5, @ . 08 (from qC- 

Effect of POMs on concentrated C3P2 solution

In the following the effect of POMs is further investigated at high C3P2 content, x(C3P2) = 55 wt% which is the composition at the LCST. [START_REF] Bauduin | Temperature dependence of industrial propylene glycol alkyl ether/water mixtures[END_REF] Fig. 5a shows the evolution of the CP upon the addition of POMs. The CP of 55 wt% C3P2 is at 14 °C, which is well in agreement with the LCST value in the literature. [START_REF] Bauduin | Temperature dependence of industrial propylene glycol alkyl ether/water mixtures[END_REF][24] PW, PMo and SiW also produce here a strong increase in the CP at low POM concentrations, up to around 25 mmol kg -1 . Upon further addition of POM two distinct behaviors appear: (i) SiW produces a continuous increase of the CP, in a nearly linear fashion, up to 120 mmol kg -1 . For higher SiW concentrations, the CP keeps increasing up to above 100 °C. (ii) PW/PMo produce a significantly less pronounced increase in the CP, reaching a maximum CP value of 29 and 30 °C respectively for PMo and PW at c(POM) = 100 mmol kg -1 . Then the CP decreases for higher POM concentrations. The general trend of the CP evolution is comparable to the CP evolution of 10 wt% C3P2 upon addition of POMs, cf. Fig. 2. Nevertheless, the stronger SC of PW (or PMo) over SiW, which was obtained, at 10 wt% C3P2 and previously with many other systems [START_REF] Buchecker | Polyoxometalates in the Hofmeister series[END_REF][14], was not observed here at any POM concentrations. Note, that the CP evolution of 55 wt% C3P2 was investigated upon the addition of several additives, see Fig. S9 and Table S7. 

SiW

PW PMo

Fig. 2) was clearly attributed to the formation of [POM]m[C3P2]n colloids, which is related to the stronger binding of PW with C3P2. Therefore, SAXS was performed here, in order to investigate if supramolecular assembly appears and if it can also help to explain the lower CP produced by PW compared to SiW. Fig. 5b shows the SAXS spectra of 40 mmol kg -1 and 140 mmol kg -1 SiW in water and in 55 wt% C3P2. The SAXS spectrum of 40 mmol kg -1 SiW in 55 wt% C3P2 shows nearly no difference with the SAXS spectrum of 40 mmol kg -1 SiW in water. This indicates that C3P2 at such high concentrations does not produce assembly (colloids) of several SiW anions. Moreover, this suggests that, if there is a local change in the solvation sphere of SiW, this does not produce a noticeable difference in the SAXS pattern of the SiW, presumably due to a weak contrast between the solvation shell and the solvent (here C3P2/H2O 55 wt%/45 wt%). However, the strong CP increase suggests that strong interactions between SiW and C3P2 takes place in solution, as it was shown by 1 H-NMR at lower C3P2 concentrations (2 wt%) above, see Fig. S2. For 140 mmol kg -1 SiW in 55 wt% C3P2, the SAXS spectrum shows an intense peak, at q = 3 nm -1 , which arises from the SiW-SiW structure factor and provides information on the average SiW-SiW distance (around 2π/q ≈ 2.1 nm). This correlation peak is at the same position as in the SAXS spectrum of 140 mmol kg -1 SiW in water but its shape is slightly different. Indeed, the peak is thinner in 55 wt% C3P2 than in water, which can be related to stronger SiW-SiW electrostatic repulsions, as expected from the lower permittivity of 55 wt% C3P2 compared to water. The presence of the peak in the SAXS spectrum arises from the first maximum in the structure factor and its position, at qmax, can be related here to the average POM-POM (or aggregate-aggregate) distance in solution, which corresponds to the first neighbor distance between scattering objects. This is only true if the form factor, P(q), has a negligible effect on the peak position visible in the scattered intensity spectrum, I(q), which results from the product (or convolution) of P(q) and S(q). The expected average SiW-SiW distance for a fully dispersed SiW solution, i.e. without SiW aggregation for a molecular solution, can be simply expressed from the SiW concentration, via Eq. ( 10) by considering a cubic arrangement of POM in solution. Therefore the s 2A|C2A8 at 140 mmol kg -1 is expected to be around 2.3 nm which is close to the value obtained from the peak position in the SAXS spectrum, i.e.

2.1 nm, confirming that SiW is not aggregated in pure water nor in C3P2/water (55 wt%/45 wt%) mixture.

For PW 20 mmol kg -1 , the general scattering patterns of the PW at q > 2 nm -1 , arising mainly from the PW form factor (sphere), are comparable in water and in 55 wt% C3P2. At lower q values, a shift of the maximum in the scattered intensity is observed from 2 nm -1 in pure water down to 1.2 nm - 1 in 55 wt% C3P2. The maximum in the scattered intensity can be related to the first order PW-PW correlation peak (structure factor), as discussed above. However, the peak is here too weak for further interpretation, in terms of the evaluation of the average PW-PW distance, as it is likely that its position may not be directly resulting from the first maximum in the structure factor. Indeed, a change in the solvent permittivity, water compared to C3P2/water (55 wt%/45 wt%), and a change in the local electron density of the PW, due to a different solvation, may affect respectively the structure factor (PW-PW) and the form factor of the solvated PW.

For 160 mmol kg -1 PW, the SAXS spectrum shows a significantly different scattering pattern in water and in 55 wt% C3P2. In water, a distinct scattering peak is observed at 2.2 nm -1 , which corresponds to 2.9 nm in real space. If we assume monomers of PW, i.e. unaggregated form which are isotropically distributed in water, the PW-PW distance, s 0|C08 , is expected to be 2.2 nm (calculated from Eq. 10 with @ . 08 = 1) and the peak position is expected at 2.9 nm -1 . This indicates that the correlation peak corresponds to correlation between aggregates, and not between PW anions. Therefore, PW at 160 mmol kg -1 is already aggregated in water with an average aggregation number (@ Y 07} ) of 2.2, as calculated from the peak position, at 2.2 nm -1 (s 0|C08 = 2.9 nm) from Eq. 10. This result is in good agreement with the previous work of Bera et. al. that has shown, by synchrotron SAXS experiments at high q range and by molecular dynamics (MD) simulation, the general tendency of PW to self-assemble in water at high concentrations. [START_REF] Bera | Aggregation of Heteropolyanions in Aqueous Solutions Exhibiting Short-Range Attractions and Long-Range Repulsions[END_REF] Indeed, these authors have shown that PW form aggregates constituted of several PW anions (dimers, trimers, etc.) and that these aggregates turn into larger percolating structures by increasing PW concentration. The presence of these large scattering objects was also detected by using DLS. [START_REF] Malinenko | Are Keggin's POMs Charged Nanocolloids or Multicharged Anions?[END_REF] Therefore, it appears here that PW at 160 mmol kg -1 is mostly present as dimers in water, as sketched in Fig. 5c (left sketch). The spectrum for PW at 160 mmol kg -1 is very much different in 55 wt% C3P2, compared to the spectrum in pure water, as it shows a correlation peak at higher q values and a large scattering excess at low q. The peak at higher q is observed at 3.8 nm -1 , which corresponds to 1.65 nm in real space. Considering that the PW dimension is around 1 nm, this latter peak can be attributed to an internal structure factor, i.e. to PW-PW correlations inside the aggregates. Indeed, the presence of POM aggregates is confirmed in the low q-regime, for q < 2 nm -1 , where a strong excess scattering is observed. Therefore, PW self-aggregates in mesoscopic structures in C3P2 55 wt%. The size of these aggregates is larger than 21 nm cf. Eq. S4. It can be noted that the PW-PW distance in the aggregate (1.65 nm) is larger than the expected PW-PW distance at close contact, which is around the size of PW, ~ 1 nm. Therefore, it is likely that the aggregates contain C3P2 molecules between the PWs. To investigate these objects further, SAXS measurements should be performed at lower angles in order to find out if the aggregates have a finite size, as in the case of the composition 10 wt% C3P2 and 50 mmol kg -1 of PW. Note, that several more SAXS measurements at different POM concentrations in water and in 55 wt% C3P2 are shown in Fig. S10 andS11. Nevertheless, here no aggregate-aggregate peak is visible in the spectrum, probably because it appears at q lower than 0.3 nm -1 . Consequently, we can conclude that the PW aggregation number is larger than 885 (calculated from a peak position of 0.3 nm - 1 from Eq. 10). This result suggests that the PW aggregates have no finite size, such as encountered in microemulsions with a bicontinuous structure or with an interconnected cylinder network or surfactant free-microemulsion. This hypothesis is further supported by the large concentrations of the three components: water, C3P2 and PW, which favours such interconnected structures. If we assume that such infinite size structures form, two pseudo phases should be present: a water-rich and a C3P2-rich phase, i.e. the PW aggregated phase or the pseudo-phase where PW accumulates. A sketch representing a hypothetical bicontinuous-like mesoscale structure is given as an example in Fig. 5c (right). PW is likely to accumulate in the C3P2 pseudo-phase, as it was shown by NMR that POMs and C3P2 strongly interact and obtained in Fig. S12. In such a case, the peak position, at 3.8 nm -1 , informs on the PW concentration in the C3P2 rich pseudo phase. By considering evenly distributed PW in a cubic pattern, with dPW-PW = 1.65 nm, the PW concentration in the C3P2 phase can be roughly estimated by using Eq. 10, by taking @ . 08 = 1, which gives 357 mmol kg -1 . This concentration is then around two times larger than the bulk PW concentration in the whole sample (160 mmol kg -1 ). This is well in agreement with our hypothesis of the formation of two pseudo phases, where PW accumulates in the C3P2 pseudo phase. Indeed C3P2 in the C3P2/water mixture is around 55 wt%, therefore the concentration of PW accumulated in a C3P2 pseudo phase, which is probed by the PW-PW peak position observed in SAXS, is expected to be around two times larger than the total bulk PW concentration. As a conclusion here, the decrease in the CP observed with PW at high concentration (> 100 mmol kg -1 , see Fig. 5a), is concomitant with the appearance of mesoscale structuration (aggregation of many PW with C3P2). This is comparable to the conclusion made at lower C3P2 content in water (at 10 wt%), that has also shown that the appearance of aggregates, i.e. in this case [POM]m[C3P2]n colloids with m~4 and n~30, led to the decrease in the CP. On the contrary, SiW does not self-aggregate in small colloids or mesoscale structures, and lead to a continuous increase in the CP upon POM addition. This different tendency for self-assembly between PW/PMo and SiW seems to be related to the properties of these POMs in water. Indeed, the tendency of PW to self-assemble, compared to SiW, was already observed in pure water. [27][28] In the following, the effect of POM is investigated over a large range of C3P2/water ratios in order to give an overview of the SC effect of Keggin's POMs on the evolution of the phase diagram of this short chain amphiphilic molecule in water. Fig. 6 shows the binary water-C3P2 phase diagram and the influence of a constant concentration of c = 100 mmol kg -1 SiW, PW and NaSCN, which can be considered as a classical chaotropic ion. As previously stated, the system water-C3P2 shows a LCST, 14 °C, at x(C3P2) = 55 wt%, see the green curve in Fig. 6. Upon the addition of NaSCN, i.e. 100 mmol kg -1 , the biphasic region is shifted to higher temperatures. The LCST increases by 10 °C, up to 24 °C. This fact arises due to the salting-in ability of the chaotropic SCN -and was already intensively investigated. [START_REF] Grundl | Salting-out and salting-in effects of organic compounds and applications of the saltingout effect of Pentasodium phytate in different extraction processes[END_REF][25] Upon the addition of 100 mmol kg -1 SiW the phase boundary is shifted to even higher temperatures, i.e. the LCST is raised to 46 °C. This is caused by the strong interaction of the superchaotropic SiW with C3P2. The influence of PW in contrast causes both: (i) an increase of the comiscibility of water-C3P2 (x(C3P2) > 0.2) and also (ii) a decrease of the co-miscibility (x(C3P2) < 0.2). On the one hand, the increase in co-miscibility for (x(C3P2) > 0.2) can be explained by the general ability of PW to interact strongly with C3P2. On the other hand, the decrease in solubility for (x(C3P2) < 0.2) can be explained by the formation of C3P2/PW co-assemblies, which promotes a macroscopic liquid-liquid phase separation upon temperature increase. It is remarkable, that the interaction of common proteins (e.g. human serum albumin (HSA)) with surfaces (either charged or uncharged) is not only dictated by electrostatic interactions. [36][37] For example, the protein adsorption on uncharged surfaces such as polytetrafluorethylene (PTFE) was described by a sum of various components, e.g. dispersion forces and Lifshitz-van der Waals forces. [START_REF] Van Oss | The role of van der Waals forces and hydrogen bonds in "hydrophobic interactions" between biopolymers and low energy surfaces[END_REF] POMs also interact via a combination of diverse intermolecular forces, electrostostatic, hydration forces, hydrophobic effect and dispersion forces.

Therefore, POMs are, in that sense, comparable to proteins. As POMs are known to be catalytically active [START_REF] Krickl | A systematic study of the influence of mesoscale structuring on the kinetics of a chemical reaction[END_REF] they may be called artificial enzymes or nanozyme, as already investigated by several research groups. [START_REF] Zhang | The Intrinsic Enzyme Activities of the Classic Polyoxometalates[END_REF][41] [START_REF] Gao | Polyoxometalate-based nanozyme: Design of a multifunctional enzyme for multi-faceted treatment of Alzheimer's disease[END_REF] 

Conclusion

In this contribution, we show that the Keggin-type POMs, SiW and PW/PMo, interact strongly in water with a short chain non-ionic amphiphile, C3P2, that is too short to form micelles in water compared to classical surfactants. The strong POM-C3P2 interaction (or binding) results from the thermodynamically favorable dehydration of POM and C3P2, i.e. the superchaotropic effect. This effect was observed here through the significant increase in the CP of C3P2 and by NMR measurements. At low POM concentrations (below 15 mmol kg -1 ) and Fig. 6. Influence of PW, SiW and NaSCN on the binary phase diagram water-C3P2. The lines represent the liquid-liquid phase demixion line. Above these lines the system phase separates into two macroscopic liquid phases, one water-rich and one C3P2 rich-phase. at 10 wt% C3P2, a stronger superchaotropic behavior was observed for PW (and PMo) over SiW, resulting from the lower charge density for PW(3-) over SiW(4-). Lower charge density nano-ions have a weaker hydration and, therefore, their dehydration is easier (or more favorable). This trend in the superchaotropicity of Keggin's POMs, PW ~ PMo > SiW, was observed previously with many other systems: non-ionic surfactants (polyethoxylated and glucose based) [START_REF] Naskar | Nanometer-Size Polyoxometalate Anions Adsorb Strongly on Neutral Soft Surfaces[END_REF][2], PEG oligomers [START_REF] Buchecker | Polyoxometalate / polyethylene glycol interactions in water : From nanoassemblies in water to crystal formation by electrostatic screening[END_REF], PNiPAM [START_REF] Buchecker | Self-assembly of short chain Poly-N-isopropylacrylamid (PNIPAM) induced by superchaotropic Keggin Polyoxometalates: from globules to sheets[END_REF], lipids monolayer [START_REF] Kobayashi | Interplay of Hydrophobic and Electrostatic Interactions between Polyoxometalates and Lipid Molecules[END_REF], γ-CD [START_REF] Assaf | Water structure recovery in chaotropic anion recognition: High-affinity binding of dodecaborate clusters to γ-cyclodextrin[END_REF]. At higher POM concentrations (above 15 mmol kg - 1 ), SiW shows a continuous increase in the CP as a result of strong SiW-C3P2 attractive interactions. The combination of SAXS/SANS/NMR shows that SiW forms small nano-assemblies, such as [SiW][C3P2]1-2. On the contrary, PW leads to a decrease in the CP which is concomitant with the formation of larger aggregates: (i) containing many PW anions and C3P2, with the general formula [PW]n[C3P2]m at 10 wt% C3P2 , with n~4 and m~30, and (ii) percolated (interconnected, bicontinuous-like) structures at 55 wt% C3P2. This latter structure shows the thermodynamically stable coexistence of two pseudo phases: a water-rich phase and a C3P2rich phase where PW accumulates (i.e. the percolated-like structure). In this C3P2-rich phase, the average PW-PW distance is around 1.65 nm and the size domain of this structure is above 21 nm. It seems that the formation of PW aggregates, i.e.

[PW]n[C3P2]m and interconnected structure, is related to the intrinsic tendency of PW (or PMo) to self-assemble in water, as shown previously by Bera et. al. [START_REF] Bera | Aggregation of Heteropolyanions in Aqueous Solutions Exhibiting Short-Range Attractions and Long-Range Repulsions[END_REF] On the contrary, SiW does not form selfassembly colloids containing many SiW anions in water, presumably because of too strong SiW-SiW electrostatic repulsions preventing their selfassembly. However, SiW interacts strongly with C3P2, as inferred by the continuous increase in the CP upon increasing SiW concentration, whereas PW only leads to an increase in the CP at low concentrations, where it does not self-assemble. The decrease in the CP by further increasing PW concentration is proposed to be due to the screening of the electrostatic repulsions between the [PW]n[C3P2]m, by the excess PW increasing the ionic strength. This screening effect leads to the destabilization of the [PW]n[C3P2]m colloids and to the phase demixion, and consequently to the decrease in the CP. This process is comparable to the destabilization mechanism of charge colloidal suspensions that is well understood by the DLVO theory. As a conclusion, we show here for the first time that: (i) PW induces the self-assembly of a short amphiphilic molecule with hydrophobic character, here a polypropylene glycol alkyl ether, in water, and that (ii) SiW, at high concentrations, has a stronger salting-in property, i.e. a stronger increase in the CP of C3P2, compared to PW, because of the formation of [PW]n[C3P2]m colloids. This stronger salting-in effect of SiW over PW results therefore in a drastic enhancement of the comiscibility of C3P2 and water, up to reaching full comiscibility at room temperature, see the phase diagram in Fig. 6. Considering that POMs are photo-catalytically active, the present results open new opportunities in the design of (water-organic) solvent media with controlled nano-structures to perform photochemical reactions.

Fig. 1 .

 1 Fig. 1. (a) Representative structure of α-Keggintype polyoxometalate anion (i.e. PW12O40 3-(PW), SiW12O40 4-(SiW)) and (b) an isomer of C3P2. Note, that in the present study only the acidic forms of the POMs, i.e. H3PW12O40 and H4SiW12O40, are considered.

Fig. 2 .

 2 Fig. 2. Cloud point evolution of 10 wt% C3P2 in water as a function of POM concentration.

Fig. 3 .

 3 Fig. 3. SAXS spectra of (a) SiW in aqueous solution and in presence of 10 wt% C3P2 and (b) PW in aqueous solution and in presence of 10 wt% C3P2. (c) SANS spectra of SiW in 10 wt% C3P2 and (d) SANS spectra of PW in 10 wt% C3P2. D2O was used as solvent for the SANS measurements and the spectrum of 10 wt% C3P2 in D2O is given as a reference. All spectra are measured at room temperature, i.e. between 20 and 23 °C.
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  are the volume fraction and the scattering length density of the component i (i = PW, H2O or C3P2) in the colloid c. The volume fraction of PW and C3P2 in the colloids can be expressed from Eq. (3) and (4

  obtained for the simultaneous fitting of the SAXS and SANS spectra presented in Fig.4. rC, ΦC and ncharge are the colloids radius (from the form factor), the volume fraction and the number of charges of the colloid (from the structure factor). ΦC was obtained from the prefactor I(0).

Fig 4 :

 4 Fig 4: Subtracted SAXS spectrum and SANS spectrum of 10% C3P2 and 50 mmol kg -1 of PW including a simultaneous fit (Hayter-MSA).

C) = 3 .

 3 2 and @ . 08 (from ncharge) = 3.6. Moreover, this this validates the assumption that the counterions of the PW are mostly dissociated. Summarized, these treatments inform on the composition of [POM]m[C3P2]n and lead us to the conclusion that m = 4 and n = 30, i.e. [POM]4[C3P2]30.
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 522 Fig. 5. (a) Cloud point evolution of 55 wt% C 3 P 2 upon addition of POM. SAXS spectra, measured at room temperature, of (b) SiW in water and in 55 wt% C 3 P 2 and (c) PW in water and in 55 wt% C 3 P 2 .

  As a conclusion here PW at low concentrations and SiW at high concentrations form nano-assemblies with one POM and two C3P2 molecules, whereas at high concentrations, PW shows a clear tendency to form colloidal size aggregates constituted by several PW and C3P2 molecules such as [POM]m[C3P2]n.

				8 nm -1 , the
	scattered intensity decreases which indicates
	repulsive	interactions	between	[PW]n[C3P2]m
	aggregates, presumably of electrostatic origin as
	PW anions are likley to remain electrically charged
	in the aggregates.		

Table 1 .

 1 Scattering length densities (ρ) of the different chemicals used in the study: PW, C3P2, H2O and D2O respectively for the SANS measurement.

	Compound ' ()*( / 10 -10 cm -2 ' ()+( / 10 -10 cm -2 PW 5.92 86.9
	H2O	-	9.47
	D2O	6.33	-
	C3P2	0.08	8.65
	This subsection contains further characterisations of
	the [POM]m[C3P2]n colloids, noted here c, observed for 10 wt% C3P2 and 50 mmol kg -1 of PW.
	It is noteworthy, that the compound giving the major
	contrast in SAXS is the electron rich PW, whereas it
	is C3P2 in SANS, see the scattering length densities
	(ρ) in Table 1. Therefore it can be assumed that -. / 0 1 2342 ≈ -6 1 7 2342 and -08 2392 ≈ -: 1 7 2392 . Hence, the scattering length densities of the colloids, c, can be expressed as:
	-. 2342 = 2342 + Ф . 08 -08 = Ф . 6 1 7 -6 1 7 2342 + Ф . . / 0 1 -. / 0 1 2342 = = Ф . 08 -08 2342 + (1-Ф . 08 ) -6 1 7 2342

Table 3 .

 3 Composition

		of the colloid [PW]m[C3P2]n
	estimated by the simultaneous fit of the
	SAXS/SANS spectra. Ф . A and @ . A are the volume fractions and the numbers of ith components of the
	colloids.		
	i PW	Ф d e 0.14	e * d 4.5
	C3P2	0.84	30.4
	H2O	0.02	7.8
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