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Highly fluorinated fullerenes with a chemical composition of C 60 F 48 have been prepared and characterized. Their solubility of the new nanomaterials in the ionic liquid (IL) has been compared with raw fullerenes C 60 . Fluorination may appear as a convenient method to enhance the solubility of carbonaceous nanomaterials in a fluorinated based anion IL. Indeed, the ability of 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide ([BmIm][NTf 2 ]), to solubilize C 60 and C 60 F 48 was investigated using optical microscopy and UV-vis spectroscopy. While C 60 has very poor solubility in this IL (below 0.07 mmol/L), the solubility increases at least eightfold, i.e. more than 1.0 mg/mL (or 0.61 mmol/L) for C 60 F 48 samples . The presence of fluorine atoms on fullerene seems to enhance the stability of the solvated molecules in IL thanks to the limitation of the aggregation of C 60 F 48 in [BmIm][NTf 2 ]. This improvement of the solubility could be explained by the beneficial effect of the fluorination that induces a decrease of the interaction between carbonaceous solutes as the carbon hybridization changes from sp 2 to sp 3 through the formation of C-F covalent bonds and thus enhances the interaction between the solvent and the solute.

Fluorination appears as an efficient approach to limit the use of volatile organic compounds usually used as co-solvent to enhance the dispersion mechanism.

Introduction

Suspensions of colloidal C 60 particles have attracted attention because of their biological and antioxidant activities, nanotoxicity, and unusual photochemical properties [START_REF] Nath | Effect of solvent polarity on the aggregation of fullerenes: a comparison between C60 and C70[END_REF][START_REF] Chaban | Does the Like Dissolves Like Rule Hold for Fullerene and Ionic Liquids?[END_REF][START_REF] Chaban | Solvent Polarity Considerations Are Unable to Describe Fullerene Solvation Behavior[END_REF][START_REF] Fileti | Imidazolium Ionic Liquid Helps to Disperse Fullerenes in Water[END_REF][START_REF] Fileti | Structure and Supersaturation of Highly Concentrated Solutions of Buckyball in 1-Butyl-3-Methylimidazolium Tetrafluoroborate[END_REF][START_REF] Maciel | Note on the Free Energy of Transfer of Fullerene C60 Simulated by Using Classical Potentials[END_REF]. The industrial production of C 60 is widespread in areas such as drug delivery and energy conversion systems [START_REF] Han | Cytotoxicity of Aggregated Fullerene C60 Particles on CHO and MDCK Cells[END_REF]. Moreover, many of the chemical and physical processes involving carbonaceous nanomaterials could benefit from solution-phase methods for synthesis, preparation, purification, or transfer onto substrates.

The solubility/dispersibility of fullerenes among other carbonaceous materials (like graphene [START_REF] Pamies | Antiwear performance of ionic liquid+graphene dispersions with anomalous viscosity-temperature behavior[END_REF] ) is both of practical and fundamental interest. In particular, solubility in the organic solvent has been extensively studied [START_REF] Ruoff | Solubility of fullerene (C60) in a variety of solvents[END_REF][START_REF] Semenov | Solubility of Light Fullerenes in Organic Solvents[END_REF][START_REF] Konarev | Donor-acceptor complexes of fullerene C60 with organic and organometallic donors[END_REF]. Over 150 solvents have been so far probed to disperse fullerenes, with quite moderate success. For example, Ruoff et al. [START_REF] Ruoff | Solubility of fullerene (C60) in a variety of solvents[END_REF] have studied the room temperature solubility of pure C 60 as a function of solvent properties (such as index of refraction, dielectric constant, H-bonding character, and molecular size) in 47 organic solvents. The solubility covers a wide range from 0.01 mg/mL in methanol to 50 mg/mL in 1chloronaphthalene. The authors showed also that the H-bonding character of the solvent is a discriminating factor. C 60 has a lower solubility in solvents that organize themselves through polar or H-bond interactions. The solvation of non-polar C 60, which does not participate in Hbonds, leads to the unfavorable disruption in the solvent assembly [START_REF] Ruoff | Solubility of fullerene (C60) in a variety of solvents[END_REF]. The highest solubility of C 60 was achieved by Talukdar et al. [START_REF] Talukdar | Electron Donor-Acceptor Interactions of C60 with n-andπ-Donors: A Rational Approach Towards its Solubility[END_REF], who used piperidine (reaching in 53 mg/mL concentration) and pyrrolidine (48 mg/mL). It was hypothesized that these solvents exhibited specific donor-acceptor interactions with C 60 , C 70 , C 84 , C 100 that may, under certain conditions, result in the formation of new chemical compounds. C 60 solvation in the imidazolium-based ionic liquid (IL) was mainly studied by theoretical investigations [START_REF] Chaban | Solvent Polarity Considerations Are Unable to Describe Fullerene Solvation Behavior[END_REF][START_REF] Fileti | Structure and Supersaturation of Highly Concentrated Solutions of Buckyball in 1-Butyl-3-Methylimidazolium Tetrafluoroborate[END_REF][START_REF] Maciel | Note on the Free Energy of Transfer of Fullerene C60 Simulated by Using Classical Potentials[END_REF][START_REF] Holloway | Fluorination of buckminsterfullerene[END_REF][START_REF] Chaban | Strong electronic polarization of the C60 fullerene by imidazolium-based ionic liquids: accurate insights from Born-Oppenheimer molecular dynamic simulations[END_REF][START_REF] Chaban | Which fullerenols are water soluble? Systematic atomistic investigation[END_REF]. Despite the importance of these computational works, few experimental works have been performed in this field. For example, Pamies et al. prepared few-layers graphene dispersed an ionic liquid (IL) by mechanical mixing and sonication. The obtained graphene dispersions showed an interesting tribological performance as they are able to reduce wear rates in sapphire-steel sliding contacts, which prevent surface damage [START_REF] Pamies | Antiwear performance of ionic liquid+graphene dispersions with anomalous viscosity-temperature behavior[END_REF].

This work investigates the experimental effect of the functionalization by fluorination on the solvation of fullerene in an imidazolium-based ionic liquid.

Room-temperature ionic liquids (RTILs) may constitute universal solvents [START_REF] Hallett | Room-Temperature Ionic Liquids: Solvents for Synthesis and Catalysis[END_REF], whereas solvation of fullerenes is notoriously problematic due to their exclusive structure and interaction behavior [START_REF] Chaban | Does the Like Dissolves Like Rule Hold for Fullerene and Ionic Liquids?[END_REF][START_REF] Chaban | Solvent Polarity Considerations Are Unable to Describe Fullerene Solvation Behavior[END_REF][START_REF] Fileti | Imidazolium Ionic Liquid Helps to Disperse Fullerenes in Water[END_REF][START_REF] Fileti | Structure and Supersaturation of Highly Concentrated Solutions of Buckyball in 1-Butyl-3-Methylimidazolium Tetrafluoroborate[END_REF][START_REF] Maciel | Note on the Free Energy of Transfer of Fullerene C60 Simulated by Using Classical Potentials[END_REF]. If efficient solvents for fullerenes are found, their applications would be heavily increased. The use of ILs as innovative solvents is rising significantly mainly because of their negligible volatility. This characteristic makes them promising replacements to volatile organic compounds (VOCs), which are a source of major environmental problems.

In this work, the solvation of fullerenes and fluorinated fullerenes in room temperature ionic liquid was investigated. As a matter of fact, reaction with molecular fluorine F 2 gas or other fluorinating agent (XeF 2 [START_REF] Holloway | Fluorination of buckminsterfullerene[END_REF] , KrF 2 [START_REF] Boltalina | Hyperfluorination of [60]fullerene by krypton difluoride[END_REF] , TbF 4 [START_REF] Boltalina | Reaction of [60]Fullerene with Terbium(IV) Fluoride[END_REF], CeF 4 or K 2 PtF 6 [START_REF] Boltalina | Direct fluorination of fullerenes[END_REF]) drastically changes the electronic properties and surface chemistry [START_REF] Boltalina | Direct fluorination of fullerenes[END_REF][START_REF] Boltalina | Fluorination of fullerenes and their derivatives[END_REF] of the carbonaceous materials.

Moreover, the carbon hybridization changes from sp 2 to sp 3 with the formation of a covalent C-F bond;  interaction between fullerenes is then suppressed. Moreover, electrostatic repulsion between fluorine atoms is expected. In such a way, the effect of fluorination on the ILs/C 60 interaction was investigated. Because of their well-defined size and spherical geometry, C 60 appears as a model compound for the investigation of interaction with ILs before extrapolation to other sp 2 containing carbonaceous materials with 1D or 2D dimensionality, i.e. nanotubes and graphene.

Due to a large number of addition sites, the reaction of fluorine gas or fluorinating agent with C 60 fullerene leads to a wide composition range, from C 60 F 2 to C 60 F 60 . Owing to the steric hindrance that occurs at the surface of the molecule during the fluorine addition, fluorofullerene with a composition of C 60 F 48 is considered as the compound with maximum fluorine content that can be synthesized in pure form through direct fluorination using pure molecular fluorine [START_REF] Chaban | Does the Like Dissolves Like Rule Hold for Fullerene and Ionic Liquids?[END_REF][START_REF] Chaban | Solvent Polarity Considerations Are Unable to Describe Fullerene Solvation Behavior[END_REF][START_REF] Fileti | Structure and Supersaturation of Highly Concentrated Solutions of Buckyball in 1-Butyl-3-Methylimidazolium Tetrafluoroborate[END_REF][START_REF] Maciel | Note on the Free Energy of Transfer of Fullerene C60 Simulated by Using Classical Potentials[END_REF][START_REF] Holloway | Fluorination of buckminsterfullerene[END_REF][START_REF] Boltalina | Hyperfluorination of [60]fullerene by krypton difluoride[END_REF][START_REF] Boltalina | Reaction of [60]Fullerene with Terbium(IV) Fluoride[END_REF][START_REF] Boltalina | Direct fluorination of fullerenes[END_REF]. As C 60 F 48 exhibits a spherical geometry contrary to the other compositions with less fluorine, it appears as a model compound. The relative amount of C 60 F 48 among other compositions strongly depends on the fluorination temperature and its duration. Using both fluorine gas and a fluorinating agent, thermally induced disruption of the fullerene skeleton can occur above 350°C resulting in the formation of C 60 F x (x>60) species (hyperfluorination). In the present study, the highest fluorination rate, fluorination conditions may be strengthened to reach this stage resulting in a nearly pure C 60 F 48 compound. A minute control of the fluorination conditions is then necessary both to avoid the decomposition and to increase the relative content of C 60 F 48 .

Experimental

Synthesis

1-Butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide([BmIm][Ntf 2 ]) with a purity of higher than 99%was purchased from IoLiTec (Ionic Liquids Technologies GmbH). Before use, IL was dried at room temperature under a vacuum (0.1 mbar) for around 24 hours.

Fluorination was carried out under pure F 2 gas flow in a nickel reactor heated with a regulated furnace. The starting material was placed in a monel boat. The starting materials are commercial products from Sigma Aldrich (99.5%). Prior to reaction, C 60 was dehydrated and rid of solvent under dynamic vacuum (obtained with a primary pump) at 180 °C for 20 hours.

Because perfluorofullerenes are known to be unstable at high temperatures, the reaction at those conditions must be curtailed before weight uptake falls off. So, a drastic control of the conditions was performed according to the duration, the temperature, pure fluorine flow, and the initial weight to avoid the decomposition of carbon. The most fluorinated compound was obtained using 100 mg of C 60 for 4 h at 300 °C giving a white color powder. The increase of the fluorine content results in the depletion of the /* states and the increase of the HOMO-LUMO gap, as for isolated fluorofullerene molecules, and therefore reduced the opportunity of an electronic transition occurrence in the visible range [START_REF] Boltalina | Hyperfluorination of [60]fullerene by krypton difluoride[END_REF][START_REF] Boltalina | Reaction of [60]Fullerene with Terbium(IV) Fluoride[END_REF]. The increase of the fluorine content then leads to a progressive transition of the microcrystalline fluorofullerene powders toward the white color. Thus, over the C 60 F n series with n = 2, 8, 18, 20, 36, and 48, the brown, red, yellow-green, off-white, cream-white, and white colors were distinctly observed [START_REF] Boltalina | Isolation and characterisation of C60F4, C60F6, C60F8, C60F7CF3 and C60F2O, the smallest oxahomofullerene; the mechanism of fluorine addition to fullerenes[END_REF][START_REF] Boltalina | Saturnene", an Extraordinary Squashed Fullerene[END_REF]. The white color obtained in the present work is the first indication of highly fluorinated C 60 . Because decomposition under fluorine gas may occur with the release of fluorocarbon gaseous species such as CF 4 and C 2 F 6 (and then loss of carbon), the weight uptake is not suitable for the estimation of the fluorine content. Additional characterization such as solid-state NMR is necessary to determine a more accurate composition. Several syntheses of C 60 F 48 were performed in the same condition to provide sufficient quantities for dispersion tests. All products issued were identical in terms of appearance (white powder) and physical-chemical properties (see section 2.2).

Physical-chemical characterization of the powders

X-ray diffraction powder (XRD) patterns were obtained using a Philips diffractometer with a Cu(K α ) radiation (λ = 0.15406 nm).

NMR experiments were performed at room temperature using a Bruker Avance spectrometer (working frequencies for 13 C and 19 F were equal to 73.4 and 282.2 MHz, respectively). A magic angle spinning (MAS) NMR probe (Bruker) working with a 4 or 2.5 mm rotor was used. For 19 F MAS spectra, a simple sequence was used with a single π/2 pulse duration of 5.5 μs. The 13 C spectra were recorded using a solid echo sequence (two 5.5 μs π/2 pulses separated by 25 μs); this sequence allows the acquisition of the whole signal without loss due to the electronic dead time followed by a quantitative determination of the different contributions. The recycle times were equal to 3 s for 19 F and 20 s for 13 C spectra. The scan numbers were 256 and 4000 for 19 F and 13 C measurements, respectively. 19 F and 13 C chemical shifts were referenced to CFCl 3 and tetramethylsilane (TMS), respectively.

Physical-chemical characterization of the liquid phases

To ensure good solubilization and avoid clusters of fullerene-based compounds, the suspensions of C 60 and C 60 F 48 in [BmIm][NTf 2 ] have been prepared by first dissolving the powders in dichloromethane at a concentration of 0.2 mg/ml for C 60 and 1 mg/ml for C 60 F 48 (sonication for 1 hour at room temperature, Branson 5800). An adequate amount of one of these solutions was added to 3 ml of IL. After a homogeneous solution was obtained, the volatile solvent has been evaporated slowly under ambient conditions. Traces of volatiles were then removed under vacuum at 0.1 mbar for a couple of hours at room temperature. The IL with a well-known amount of C 60 or C 60 F 48 was then transferred into a UV-vis cuvette for spectroscopic measurements. Each cuvette was sealed and conserved in the dark at 20°C between measurements. UV-vis spectra were recorded regularly for weeks to follow the sedimentation of the particles in the viscous IL. The neat IL conserved in the same conditions was used to record the background of all UV-vis spectra. The IL used in this work is strongly absorbing below 260 nm, restraining our UV-vis analysis to the range between 260 and 600 nm.

UV-vis spectrometer was a Jasco V-650 and solution was placed in QS cuvettes from Hellma with a path length of 10 mm.

Pictures of the bottom of the cuvette were taken using a portable microscope to observe the sedimentation. The microscope (digital microscope AM7915MZT from Dino-lite) has been placed under the cuvette to observe the bottom of each cuvette (magnification x180).

Results and discussions

Fluorination of C 60 fullerene

The obtained fluorinated compound has a white color (C 60 F 48 ) in contrast with the black precursor (C 60 ). The structural change of C 60 during fluorination is demonstrated with the X-ray diffractograms (Fig. 1-a). The disappearance of all the characteristic peaks of raw C 60 is observed meaning the completion of the fluorination. Pure C 60 belongs to the Fm3m space group and is characterized by a parameter a = 1.417 nm for the f.c.c. lattice. The value of this parameter is sometimes reported with a small divergence from that given above (e.g. 1.4198 nm [START_REF] Zhang | Effect of curvature on C-F bonding in fluorinated carbons: from fullerene and derivatives to graphite[END_REF]) but it might be due to residual solvent, moisture, or C 70 traces.

The XRD pattern of the highly-crystallized C 60 fluorinated at 300 °C can no longer be indexed by a cubic lattice and an I-centered tetragonal (bct) cell was used [START_REF] Kawasaki | Crystal Structures of the Fluorinated Fullerenes C60F36 and C60F48[END_REF]. The lattice parameters are a = 1.675nm and c = 1.790 nm due to the fluorine accommodation through the molecule.

Indeed, the addition of fluorine atoms increases the size of the C 60 and also creates an electrostatic repulsion, both inducing an increase of the lattice parameter. The diffractogram of the fluorinated compound is in good agreement with the expected diffractogram for the compound C 60 F 48 as reported in the literature [START_REF] Kawasaki | Crystal Structures of the Fluorinated Fullerenes C60F36 and C60F48[END_REF]. It shows that non-fluorinated C 60 molecules remain and that the applied fluorination conditions have made it possible to exceed the stoichiometry C 60 F 36 [START_REF] Kawasaki | Crystal Structures of the Fluorinated Fullerenes C60F36 and C60F48[END_REF]. Solid-state NMR with 13 C and 19 F nuclei (Fig. 1-b and Fig. 1-c, respectively) also evidence the existence of several C-F covalent bonds in fluorinated C 60 because of several grafting sites of fluorine atoms onto a carbon involved in either a hexagon or pentagon cycles. Moreover, the presence of non-fluorinated carbon (sp 2 C) acts also on the C-F bonding because of the interaction with neighboring C-F bonds (hyperconjugation) [START_REF] Sato | On the so-called "semi-ionic" C-F bond character in fluorine-GIC[END_REF]. Non-fluorinated sp 2 carbon atoms are highlighted by the presence of a peak at 140ppm in addition to the main peak at 88ppm on the 13 C spectrum. The latter peak is characteristic of the covalent C-F bonds [START_REF] Mallouk | Infrared and n.m.r. Studies of the Graphite Hydrofluorides[END_REF][START_REF] Panich | Nuclear magnetic resonance study of fluorine-graphite intercalation compounds and graphite fluorides[END_REF][START_REF] Giraudet | Solid-State NMR Study of the Post-Fluorination of (C2.5F)n Fluorine-GIC[END_REF][START_REF] Dubois | EPR and Solid-State NMR Studies of Poly(dicarbon monofluoride) (C2F)n[END_REF][START_REF] Giraudet | Solid-state F-19 and C-13 NMR of room temperature fluorinated graphite and samples thermally treated under fluorine: Low-field and high-resolution studies[END_REF]. Two components (Lorentzian) are necessary to fit the C-F lines corresponding to the presence of two sets of C-F bonds. The fluorine content, i.e. the atomic F/C ratio, is extracted from the fit of the 13 C spectrum (Fig. 1-b

).F/C = (S1 C-F +S2 C-F )/(S1 C-F +S2 C-F +S Csp2
) where S1 C- F and S2 C-F are the integrated area of the two lines for C-F bonds, S Csp2 being the line of nonfluorinated carbon atoms. F/C is found equal to 0.78 with an accuracy of 0.02 meaning a C 60 F 48 composition (F/C=0.8) or very close. Thus NMR results are in very good agreement with the XRD pattern in Fig. 1-a.

At least eight contributions of covalent C-F bonds are evidenced by 19 F NMR (with a MAS rate of 30 kHz) by the multitude of lines observed between -120 and -200 ppm vs CFCl 3 (Fig. 1-c). The origin of these lines was discussed previously [START_REF] Zhang | Effect of curvature on C-F bonding in fluorinated carbons: from fullerene and derivatives to graphite[END_REF]. It is to note the absence of narrow lines at -120 and 110 ppm on the 19 F and 13 C spectra, respectively, that are assigned to CF 2 groups. This is the evidence that broken C 60 cages are not present in the sample because of the decomposition during the fluorination, so the integrity of the closed carbonaceous skeleton is preserved. In conclusion, the main product obtained after fluorination exhibits a composition of C 60 F 48 with high purity as evidenced by NMR and XRD. This sample was used to prepare the solution in fluorine-containing RTILs.

Reactivity between C 60 F 48 and IL

The IL used as a solvent may also be reactive against C 60 F 48. To better understand the interaction between ILs and C 60 F 48, 19 F NMR spectrum of the C 60 F 48 dispersion in IL (3 mg/mL concentration and after storage for 6 weeks) was recorded and compared to the spectra of the solvent and solute (powder without MAS) (Fig. 2). The narrow line at -78. we have studied the ability of IL to conserve isolated fullerene species rather than clusters. In this way, to avoid clusters of C 60 and C 60 F 48 in dispersions, each carbon powder was first dissolved in a volatile organic solvent below the solubility of C 60 and C 60 F 48 . Then, IL was added and the volatile solvent evaporated slowly. This procedure has been chosen over the direct dissolution of material into the IL to ensure that all C 60 (or C 60 F 48 ) has been dissolved at one stage. After the removal of volatiles under a vacuum, the liquid was observed with an optical microscope.

Solvation / dispersion tests

In the case of C 60 suspension, the range of concentration studied was up to 0.30 mg/mL.

Images of the bottom of the sample after a few hours are shown in Fig. 3. The microscopic observation was realized with the microscope placed below the sample and the cuvette was placed to observe the sedimentation: the focus was made on the layer of liquid in contact with the bottom face of the UV-visible cuvette. At all concentrations of C 60 from 0.01 to 0.30 mg/mL, agglomerated particles of C 60 are observable. The sizes of the observed particles are up to around 50 µm. Even for the lowest concentration studied, at 0.01 mg/mL, agglomerates of C 60 are observed. Moreover, the solution became yellowish with the increase of concentration of C 60 . This coloration is also clearly observable while looking at the solution with the naked eye (Fig. 4). Observations made with the naked eye and with an optical microscope on samples containing C 60 and C 60 F 48 in [BmIm][NTf 2 ] are summarized in Table 1. The range of concentrations used for C 60 is 10 times lower than for the C 60 F 48 . Despite using lower concentrations with C 60 , agglomeration is more clearly observed than with the fluorinated C 60 F 48 . Agglomerates were found on the bottom of the vial using an optical microscope at all tested concentrations with C 60 (down to 0.01 mg/mL) while with the C 60 F 48 , the agglomerates could only be observed for concentration higher than 1.0 mg/mL. Moreover, while the samples were left for 6 weeks the sedimentation was clearly observable for concentrations higher than 0.05 mg/mL of C 60, and the top part of the sample is becoming much clearer. On the other hand, for C 60 F 48 , sedimentation can only be observed with an optical microscope, and even after 6 weeks, the sedimentation cannot be observed with the naked eye, despite the much higher concentration of the material added. These observations lead to the conclusion that the C 60 F 48 has a higher affinity with the IL than the C 60 . 1 : Color corresponds to the supernatant liquid phase after 6 weeks of sedimentation. 2 : Sedimentation is the observation using a microscope looking at the bottom face of the sample.

Optical Spectroscopy

UV-vis spectra of the samples containing C 60 and C 60 F 48 in the IL were taken repeatedly to obtain a more precise observation of the agglomeration/sedimentation of over 6 weeks. Each spectrum is taken at around 1 cm from the top of the liquid phase while the liquids phases are systematically around 3 cm high. Spectra of the lowest concentrations (i.e. without saturated spectrum) are given in Fig. 6 after around 1 hour and after 6 weeks. In the case of C 60 , the UVvis spectra are saturated with absorbance higher than 3.5 at 400 nm for concentrations higher than 0.10 mg/mL. The evolution of the spectra during this time is continuous and spectra taken at other times are given in SI. After 4 weeks none of the spectra are saturating, which illustrates the slow sedimentation of the C 60 in the IL. The slow sedimentation could be at least partially explained by the viscosity of the dry IL: around 60 mPa.s at 20°C for

[BmIm][NTf 2 ] [31]
. Spectra for the lowest concentrations (0.01 and 0.025 mg/mL) do not change significantly during the 6 weeks of the experiment, unlike the spectra obtained from the sample with higher concentrations of C 60 (≥0.05 mg/mL). For these higher concentrations, intensities of the UV-vis spectra are decreasing with time which should correspond to the sedimentation of the particles. This hypothesis is confirmed by the observation of particles on the bottom of the cuvette containing the higher amount of C 60 and the color of the solution which became brighter; as observable in Fig. 4.

The two peaks observed in Fig. 6 at 265 and 328 nm are comparable to those observed in nalkanes [START_REF] Renge | Solvent Effects on the Absorption Maxima of Fullerenes C60 and C70[END_REF]. Moreover, the increase of the signal at a higher wavelength (450 nm) could be assigned to the agglomeration of C 60 , and the ratio of absorbances at 330 and 450 nm is considered as an indication of the degree of aggregation of C 60 [START_REF] Bensasson | C60 in Model Biological Systems. A Visible-UV Absorption Study of Solvent-Dependent Parameters and Solute Aggregation[END_REF]. This ratio is decreasing when the concentration increases above 0.025 mg/mL. For concentration ≤ 0.025 mg/mL, the C 60 does not show any sedimentation over 6 weeks, we could then estimate that most of the C 60 is solubilized in [BmIm][NTf 2 ] up to 0.025 mg/mL. This conclusion is comparable with the conclusions realized on C 60 in comparable imidazolium NTf 2 based ILs in the literature using UV-vis spectroscopy [START_REF] Szala-Bilnik | Solvation of C60 Fullerene and C60F48 Fluorinated Fullerene in Molecular and Ionic Liquids[END_REF][START_REF] Liu | Solubility of C60 in ionic liquids[END_REF]. UV-vis spectra of C 60 F 48 in [BmIm][NTf 2 ] over a range of concentration between 0.25 and 3.0 mg/mL were recorded during 6 weeks. Following the visual observations, visible light is almost not absorbed by any sample neither after 1 hour nor after 6 weeks. However, at the beginning of the experiment in the range between 350 and 600 nm, the absorbance is increasing slightly with the concentration of C 60 F 48 , as shown in the inserts of Fig. 6. The signal rises to an absorbance of 0.15 at 500 nm for the concentration of 3.0 mg/mL of C 60 F 48 .

At this wavelength, the absorbance increases linearly for concentrations from 0.25 to 3.0 mg/mL. At a lower wavelength, the main signal is at 260 nm with the concentration of 0.25 mg/mL and shifts continuously to 274 nm with the concentration of 3.0 mg/mL.

Moreover, a shoulder at around 325 nm is also observable. While the band at around 260 nm is increasing with time, the baseline (500 nm) and the shoulder at 325 nm are both decreasing with time. If like in the case of C 60 , the signal at a higher wavelength corresponds to agglomeration and the band at around 260 nm is assigned to the monomer, the observation might indicate a slow separation of agglomerates into monomers. However, all these fluctuations are rather modest and no clear sedimentation or aggregation of C 60 F 48 could be observed with the naked eye in

[BmIm][NTf 2 ].
The absence of micrometric particles is confirmed by the absence of scattering of the light when a laser with visible light was passing through the samples, unlike in the case of C 60 at much lower concentrations (0.10 mg/mL). Fig. 7 is illustrating the presence and absence of scattering light with a red laser (wavelength around 650 nm). While the laser is passing the sample containing initially 0.10 mg/mL of C 60 , part of the light is scattered by the largest particles which are still present in the supernatant phase (after 3 months of sedimentation).

The sample with 3.0 mg/mL of C 60 F 48 is almost not showing any scattering: most of the red light observed for both C 60 F 48 in IL and neat IL are coming from the interfaces of the UV-vis cuvettes. However, the small scattering is observed in the case of C 60 F 48 , and it is coherent with the baseline of UV-vis spectra (measured at 500 nm in Fig. 6) which is increasing with the concentration of C 60 F 48 in IL and decreasing with time. The decrease of the intensity at 500 nm could therefore be assigned either to the slow sedimentation of the small amount of the larger aggregates of C 60 F 48 in IL or to slow disaggregation of particles which could be coherent with the increase of the band at around 260 nm with time. The stabilized concentrations, that involved residual aggregates, small clusters and solvated molecules, are less than 0.05 mg/mL (0.07 mmol/L) and more than 1.0 mg/mL (or 0.61 mmol/L) for C 60 and C 60 F 48 , respectively. Regarding the interactions between ionic media and C 60 F 48 , the mobility of the π-electrons is decreased during the fluorination.

Consequently, the polarization effects on the interactions with charged or polar species are weakened and π-π stacking, which is responsible for the strong cohesion between carbonaceous nanomaterials, is decreased favoring solvation. The fluorination has therefore a considerable impact on the ability of the fluorinated IL to solubilized fluorinated nanomaterials. In [BmIm][NTf 2 ], C 60 F 48 exists rather as solvated isolated molecules or small clusters whereas raw C 60 tends to form large aggregates.

Fig. 1 .

 1 Fig. 1. (a) X Ray diffractograms of C 60 and C 60 F 48.

  5 ppm is unambiguously assigned to CF 3 groups of the [NTf 2 ] anion. Magnification in the -100/-200 ppm range evidence the presence of C 60 F 48 molecules in the dispersion. Two differences appear in comparison with the powder. Firstly, the broadness of the superimposed bands (related to the presence of C-F bonds with different covalences) is significantly lower for solvated C 60 F 48 (full width at half maximum f.w.h.m. of 8.5 kHz) than for the molecules in the crystalline powder (f.w.h.m. = 11.8 kHz); IL decreases the 19 F-19 F homonuclear dipolar coupling by separation of the C 60 F 48 molecules. Secondly, an additional narrow line with weak intensity is observed at -152 ppm on the spectrum of the C 60 F 48 dispersion contrary to the powder. A few C-F bonds with the weakest covalence may be broken because of the strong interaction with ILs. In other terms, partial defluorination occurs with the formation of solvated F -anions with a chemical shift of -152 ppm. This process could be thermally activated during the sonication. Regarding the integrated area of this band of F -and the superimposed bands of C 60 F 48, only one fluorine atom per 120 is transferred as F -into the solvent. The removed fluorine atom is the one with the weakest C-F covalence, i.e. the highest 19 F chemical shift (-132 ppm). The reaction results in a composition of C 60 F 47.5 . Such a transfer is too weak to change the optical properties in the visible range. That demonstrates the good chemical stability of C 60 F 48 in [BmIm][NTf 2 ].

Fig. 2 . 19 F

 219 Fig. 2. 19 F NMR spectra of the 3 mg/mL C 60 F 48 dispersion, RTILs, and C 60 F 48 powder (without MAS). Insert is a zoom in the range [-80, -220 ppm] for C 60 F 48 dispersion and RTILs and compared with C 60 F 48 powder (without zoom)

Fig. 3 .

 3 Fig. 3. Pictures of samples containing different concentrations (0.0 mg/mL; 0.01 mg/mL; 0.025 mg/mL; 0.05 mg/mL; 0.10 mg/mL; 0.15 mg/mL) of C 60 in [BmIm][NTf 2 ] just after preparation. Scale bar: 100 μm.

Fig. 4 .

 4 Fig. 4. Picture of UV-vis cuvettes containing different amounts of C 60 in [BmIm][NTf 2 ] after preparation (top) and after 6 weeks of sedimentation (bottom). The concentrations of C 60 are increasing from left to right, from 0 to 0.30 mg/mL.

Fig. 5 .

 5 Fig. 5. Pictures of samples containing different concentrations of C 60 F 48 in [BmIm][NTf 2 ] after 6 weeks of sedimentation (0.0 mg/mL; 0.25 mg/mL; 0.50 mg/mL; 0.75 mg/mL; 1.0 mg/mL; 1.5 mg/mL; 2.0 mg/mL; 2.5 mg/mL; and 3.0 mg/mL). Scale bar: 100 μm.

Fig. 6 .

 6 Fig. 6. Comparison of UV-vis spectra of C 60 and C 60 F 48 in [BmIm][NTf 2 ] at different concentrations after 1 hour and 6 weeks. The spectrum of the IL was used as background. For the figure on the C 60 F 48, an insert has been added to visualize the evolution of the intensity at 500 nm as the function of the quantity (in mg/mL) of C 60 F 48 .

Fig. 7 .

 7 Fig.7. Pictures of 3 UV-vis cuvettes containing the supernatant phase of C 60 in IL (0.10 mg/mL), C 60 F 48 in IL(3.0 mg/mL) and the neat [BmIm][NTf 2 ]. From left to right the laser is pointing respectively to C 60 (left), C 60 F 48 (center) and the neat IL (right).

CFCl 3 (ppm) C 60 F 48 ILs ILs/C 60 F 48

  To evaluate the stability over longs periods of C 60 and C 60 F 48 dispersions into [BmIm][NTf 2 ],

					ILs
					ILs/C 60 F 48
			-100	-150	-200
	0 C 60 F 48	-50	-100 19F / CFCl 3 (ppm) -150  19F / 		-200

Table 1 : Visual observation of C 60 and C 60 F 48 in [BmIm][NTf 2 ].

 1 

		Weight	0	0.01	0.025	0.05	0.10	0.15	0.20	0.30
		(mg/mL)							
		Molar	0	0.014	0.03	0.07	0.14	0.21	0.28	0.42
	C 60	concentration (mmol/L)							
		Color 1	Clear Clear	Clear	Yellow	Yellow	Yellow Yellow Yellow
				yellow	yellow				
		Sedimentation 2 No	Yes	Yes	Yes	Yes	Yes	Yes	Yes
		Weight	0	0.25	0.50	1.0	1.5	2.0	2.5	3.0
		(mg/mL)							
		Molar	0	0.15	0.31	0.61	0.92	1.23	1.53	1.84
	C 60 F 48	concentration							
		(mmol/L)							
		Color 1	Clear Clear	Clear	Clear	Clear	Clear	Clear	Clear
		Sedimentation 2 No	No	No	No	Yes	Yes	Yes	Yes

(b)[START_REF] Holloway | Fluorination of buckminsterfullerene[END_REF] C and (c)[START_REF] Boltalina | Direct fluorination of fullerenes[END_REF] F MAS NMR spectra of C 60 F 48 (at 10 kHz and 30 KHz, respectively)
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