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physical and chemical properties of ionic liquid (IL) to design new materials, however, the interaction of these ILs molecules with optical materials and their effect on the luminescence properties of the materials is poorly known. In this work, it is shown that the imidazolium based BmimBF 4 ionic liquid, used as a solvent during the synthesis, tethers at the surface of the nanoparticles and influences the photoluminescence of the nanophosphor BaFBr:Eu 2+ materials. By time resolved spectroscopy two different emissions are observed for the material synthesized by ionothermal approach, one corresponding to Eu(II) 5d-4f transitions in BaFBr host with a decay time of 843 ns and the other with a much faster decay time to the ionic liquid BmimBF 4 .

The research of new nano-phosphors and more generally of nanostructured inorganic material, which require novel synthetic approaches, are currently a very hot topic in the context of energy saving and expanding nanotechnology. [1][2][START_REF] Mnoyan | Phosphors, Up Conversion Nano Particles, Quantum Dots and Their Applications[END_REF][START_REF] Tauni Dissanayake | [END_REF][5] Among the new original synthesis approaches, ionothermal synthesis becomes unavoidable due to the unique and remarkable properties of the ionic liquids (IL). [6,7] For instance ILs have high dissolving ability, low vapor pressure, good thermal stability and they are good microwave absorbers due to their polar character which makes them gripping solvent media. [8] Furthermore, they can also be used as template to control the size and morphology of the materials, as stabilizing agent to avoid particles agglomeration and also as reactant in order to be (partially) incorporated in the synthesized final material. [9][10][11][12][13][14][START_REF] Wegner | Metal Nanoparticles in Ionic Liquids[END_REF] Additionally, the physical and chemical properties of ionic liquids can be tailored according to the requirements by playing on its chemical composition (nature of cationic and/or anionic part, number, position and/or length of alkyl chain, and some more) in order to design the desired solvent. [START_REF] Ghandi | Green Sustain[END_REF][17][18] Finally, their unique properties can provide reaction conditions that cannot be obtained with traditional solvents and hence, new inorganic and also organicinorganic hybrid materials can be designed.

During the last years, oxides, (oxy)hydroxides, fluorides, chalcogenides or even metal nanoparticles targeting different application areas (e.g. energy storage, photoluminescence, photocatalysis) have been successfully developed by ionothermal synthesis. [19][20][21][22][23][24][25] Most of the time these materials exhibit very interesting properties; for instance, Co(OH) 2 -IL obtained by preparation in BmimBF 4 nearly doubles the specific capacitance and remarkably improves the cycling stability compared to Co(OH) 2 . [21] Another example is TiO 2 synthesized in ionic liquid media, which demonstrates enhanced photocatalytic H 2 generation. [21,26] Concerning luminescent materials, we have recently demonstrated an efficient one-pot microwave and/or sonochemical approach to obtain fluoridic Eu(II) doped nanocrystals using ionic liquid as solvent, template and fluoride source in order to avoid a harmful reactant such as HF or even elemental fluorine. [27,28] We used Eu(II) compounds as starting materials, so that the "reducing" character of BmimBF 4 prevents Eu(II) oxidation during the microwave and/or sonochemical synthesis. The decomposition of BF 4 -liberates fluoride ions which are used as a reactant. [20] During the synthesis, the acidic hydrogen from the imidazolium ring bonds with the highly electronegative halogen to form an IL shell around the barium fluorohalide material. [29] This protective shell prevents nanoparticles agglomeration, its formation is assumed to be favored by the sonochemical effect and the low temperature synthesis. [29] The presence of ionic liquids molecules on the surface can enhance electrochemical properties by allowing faster ion diffusion and easier hydrogen desorption/adsorption processes. [21] Furthermore, it can cause great prospects in catalytic reactions. In contrast the influence of ionic liquids on photoluminescence properties of materials is poorly known. [30][31][32] Moreover, some ionic liquids including BmimBF 4 exhibit visible emission, hence it is well-founded that it can affect the photoluminescence of the core material. [33,34] Through this work we will highlight the application of IL during the synthesis of nanoparticles by investigating the luminescent properties of BaFBr:Eu 2+ nanoparticles synthesized by ionothermal synthesis in detail. BaFBr:Eu 2+ is a well-known phosphor, its luminescence was widely studied and this material is used as detector in imaging plate thanks due its high density (~ 5 g/cm 3 ) for a long time. Its K-edge of 37 keV is well suited for general radiography, and a short lifetime due to the parity allowed transitions of Eu(II) is observed. [35][36][37][38][39] Our results on BaFBr:Eu 2+ nanoparticles will lead, thus, also to commercial impacts due to improving of spatial resolution compared to the bulk BaFBr:Eu 2+ phosphors currently used for imaging plates. [38][39][40] In this paper, transmission electron microscopy images of BaFBr:Eu 2+ synthesized by ionothermal approach show that the particles are platelet-like and tend to agglomerate (see Figure 1a and Figure S2). These agglomerates (typical size of a couple of micrometers) are composed by polydispersed nanocrystalline platelets ranging from few tens of nanometers to some hundreds of nanometers length (see Figure 1b).

Fourier transformed infrared measurements of BaFBr:Eu 2+ and EDX analyses confirmed the presence of ionic liquid (BmimBF 4 ) attached to the surface of the material, even after several washing steps with water and ethanol (see Figure 2 and Figure S3). Compared to the spectrum of pure BmimBF 4 , the vibrations, which belong to its alkyl C-H stretching (below 3000 cm -1 ), remain unchanged and those attributed to the ring C-H stretching (3121 and 3161 cm -1 ) slightly shift to lower frequency. [41] This can be explained by the fact, that acidic hydrogen from imidazolium bonds to electronegative halides. [29] On the other hand, the vibrations attributed to BF 4 stretching are shifted to higher frequency in the case of the nanoparticles.

This can be interpreted by an increase of the B-F covalency, which is influenced by the interaction between the surface of BaFBr and the ionic liquid. The vibrations corresponding to BaFBr:Eu 2+ cannot be detected by our FTIR since they are localized between 100 and 300 cm - 1 , below our instrumental wavenumber range. [42] However, Raman spectra in the range of 100 and 300 cm -1 confirm the presence of BaFBr, in agreement with the reported Raman spectra for BaFBr (Figure S4). [43] In order to investigate the effects of the IL molecules attached to the BaFBr nanoparticles surface on the photoluminescence (PL) properties, luminescence, decay time and timeresolved spectroscopy measurements were performed. At a first sight, the room temperature PL spectrum is similar to the one observed for bulk BaFBr and nanosized materials obtained by other synthetic approaches. [36,37,42] It exhibits an intense blue emission band peaking around 390 nm (see Figure 3). However, a closer inspection reveals a low intensity tail at longer wavelength (see inset in figure 3). In the literature, impurity band emissions attributed to oxygen defects can be found, however, they are usually situated at longer wavelength and can be strongly visible under 250-260 nm excitation. [42,[44][45][46] In the material synthesized by ionothermal approach, photoluminescence measurements performed under 260 nm excitation did not reveal any change in the emission spectrum (Figure S5) which allow to assume that there is no (detectable) oxygen defects in our samples. In order to have more information about the origin of this tail, decay time measurements were performed. The decay time curve has a mono-exponential behavior fitted to τ 400nm = 843 ns (± 1 ns and R 2 =0.99) when exciting at 266 nm and monitoring the emission at 400 nm. On the other hand, the life time is fitted to approximatively τ 500nm = 6 ns (± 0.2) when the detection is set at 500nm, where still some emission intensity can be detected (see Figure 4 and Figure S6).

These results confirm that there are at least two emissions with different origins. The lifetime of 843 ns is in agreement with the parity allowed 5d-4f transition of Eu(II) and it is also in good accordance to the literature lifetime of BaFBr:Eu 2+ whereas the other decay time of 6 ns is quite too short to assign to divalent europium emission. [37,42,47] For instance, Hesse et al.

found decay time of 770 ns for bulk BaFBr:Eu 2+ (0.1 mol %) and Liang et al. descript a decay time of 600 ns for BaFBr: Eu 2+ (0.92 mol %) micro-platelets. [37,42] In our case, the nanosized character of our samples conjugated to a higher doping concentration does not drop the Eu 2+ 's decay time as it could be expected. On the opposite, it is slightly higher than the decay time values described above. This circumstance can be explained by the fact that the ionic liquid shell prevents the formation of nanoparticle surface defects by a rather large amount, which would lead to quenching effects of the PL and decrease the decay time. Moreover, it can be assumed, that the IL shell also prevent quenching due to e.g. water or alcoholic molecules attached to the surface if they are used as solvents.

Time resolved spectroscopy measurements also confirm the origin of the two different emissions. With a detection gate of 53-1800 ns, the typical blue emission of Eu(II) in BaFBr is observed whereas with a gate of 0-27 ns, where no Eu(II) emission is available, another broad emission band peaking at 425 nm is detected (see Figure 5). This very fast emission is comparable to the one of pure BmimBF 4 in the inset Figure 5. The comparison shows that even if the emission of pure the ionic liquid (black curve) is slightly shifted (ΔE= 540 cm -1 ) to longer wavelengths and has a longer tail, the two emission bands are similar both in energy position and in shape. Hence, it is reasonable to attribute the second emission to BmimBF 4 .

The interactions between the ionic liquid and the surface of the barium fluorobromide most probably induce a shift of the emission band and explain the differences between the emission of the ionic liquid grafted on the BaFBr surface and the pure BmimBF 4 . Additionally, the lifetime of few nanoseconds fits well with the reported one for π-π* transitions from imidazolium cation in BmimBF 4 . [33] The very short lifetime conjugated to the energy position of the second emission band peaking at 420 nm exclude the possibility that oxygen centres (F centres), which are often found in BaFBr, are responsible for the second emission band. [37,44,46,48] The PL emission originating from these defects (F centres) is situated at longer wavelengths and has a life time in the range of microseconds. [37] In summary, our spectroscopic experiments demonstrate that two distinct emission bands could be detected for BaFBr:Eu 2+ nanoparticles synthesized by ionothermal method. In detail, a blue emission band is observed assigned to the 5d→4f transition of Eu(II) ions doped in the BaFBr host, while the other could be attributed to BmimBF 4 attached on the material surface.

This led to the conclusion that the ionic liquid shell formed during the synthesis also shows light emission and hence, influences the photoluminescence of the phosphor material. We believe that these results do not concern only this specific example but that they can most probably be extended to several phosphors synthesized using ionic liquids as solvents and improve their properties. The intimate contact between ionic liquid and inorganic phosphor can thus contribute in general to decrease quenching processes for nanoparticles, this is a very important point in our opinion. 
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  Figure1a) and b). TEM images of BaFBr:Eu 2+ synthesised by ionothermal approach assisted by ultrasound in BmimBF 4 ionic liquid media.
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 2 Figure 2. Comparison between FTIR spectra of BaFBr:Eu 2+ synthetized by ionothermal method and pure BmimBF 4 ionic liquid.
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 34 Figure 3. Room temperature excitation (black) and emission (red) spectra of BaFBr:Eu 2+ (doping concentration 2 mol %)

Figure 5 .

 5 Figure 5. Time resolved luminescence measurements for BaFBr:Eu 2+ . Red curve represents the emission with a detection gate 0-27 ns and green curve with a gate 53-1800 ns.The inset shows the comparison of PL between emission measured with the gate 0-27 ns and emission of solely BmimBF 4 .
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ToC: In this work, an effort is made to understand the improved effect of ionothermal synthesis on the photoluminescence properties of nanophosphors.