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Some organic compounds

forming a network of anisotropic fibres. We show that Hansen solubility parameters can be used to predict the range of solvents that are likely to be gelled by any given gelator.

Gelation of fluids by a limited amount (typically 1 weight % or less) of a low molecular weight gelator (LMWG) is 10 possible if the LMWG self-assembles into elongated fibrillar structures, which form an entangled network. 1,[START_REF] George | [END_REF] In spite of their non-covalent nature, such nanostructures were shown to be strong enough to block the flow of liquids, and even to improve the mechanical properties of solids such as polymers, 3 or bitumen. 4 The desire to understand the underlying relationship between molecular structure and gelation, as well as the applied aspects of this phenomenon, has been a great driving force in the study of LMWGs. [5][6][7][8][9][10][11] Potentially these materials can be used in numerous 20 applications, such as tissue engineering, sensors, pollutant removal, or as templates for nanoparticles and hybrid materials. In this respect, the design of an entirely new gelator molecule for a particular application (i.e. in a particular solvent) is a difficult task. However, the large body of experimental data accumulated over the years should now allow a different approach. Indeed, if one wants to gelate a common organic solvent, it is straightforward to search the literature and find compounds that have been described to form gels in this particular solvent. Of course, for many applications, the fluid of interest (edible oil, cosmetic formulation, solvent mixture for coatings, …) may not have been tested. Therefore, one needs guiding principles to predict if a previously described compound will gelate a given fluid, based on its known ability to gelate a range of more or less 35 similar fluids. Prior attempts to rationalize the gelling power of a LMWG have been proposed based on various solubility indicators (dielectric constant, [12][13][14] ET polarity scale, 14 Hildebrandt solubility parameter, 15 Kamlet-Taft parameters, 14,16 Hansen solubility parameters 14,17 ). Up to now, 40 each of these attempts was focused on a particular LMWG family, and while the conclusions are of interest, they cannot be extended to other LMWGs. We presently report a general solubility parameter approach to predict the gelling ability of any compound based on its behaviour in a limited set of solvents.

After dissolution of a LMWG in a solvent at elevated temperature and subsequent cooling, favourable and unfavourable interactions (i.e. solubility and insolubility) must be balanced if a gel is to form instead of a solution or a precipitate. [18][19][20][21] For example, it has been demonstrated in the case of a hydrogen bonded dendritic LMWG, that the gel-sol transition temperature is correlated to the polar and hydrogen bonding Hansen parameters. 14 In a favourable domain, the solvent does not compete too much with inter-gelator 55 hydrogen bonds, but still allows dissolution at high temperature. This important conclusion is however not directly applicable to other LMWG classes, in particular those involving no hydrogen bonds. Therefore, in order to derive a general guiding principle, one needs to consider the solubility 60 parameter for the gelator as well as for the solvent.

In the field of polymer science, Hansen solubility parameters (HSPs) have been successfully used for several decades to select solvents for coating materials and other applications. 22 In this approach, the cohesive energy density is 65 decomposed according to three contributions: dispersive interactions ( ), polar interactions ( ) and hydrogen bonds ( ). In practice, the procedure consists in comparing the HSPs for the solvent ( , , ) to the HSPs for the polymer ( , , ). The distance between the two points in Hansen 70 space is defined as . If this distance is smaller than an empirical and case specific value RSol, then the polymer and the solvent have a high probability of being miscible. The values for the HSPs of solvents can be found in the literature, [START_REF] Brandrup | Polymer Handbook[END_REF] and the values for the as its centre and RSol as its radius. 24 We have tested the applicability of this procedure to the case of LMWGs by selecting from the literature 8 references that provide an extensive set of solubility data. [25][26][27][28][29][30][31][32] The structures of the selected gelators vary widely (Scheme 1) and 85 involve the main supramolecular interactions to various extents: mainly hydrogen bonds (1-4) or ionic interactions (5,6), or only p-staking, dipolar and van der Waals interactions (7,8). In each case, the solubility data reported in the original article was analyzed and the solvents were 90 grouped into three classes: S (solution forming), I (either insoluble or formation of a precipitate after cooling) and G (gel formation). The results are plotted in Fig. 1 for gelator 1 and in ESI † for the others. whereas the gelating solvents (G) are in a region of higher and . The case of LMWG 4 is more complex: the hydrogen bonding solubility parameter ( ) for the gelating solvents (G) spans a large range of values (from 6 to 42 MPa 0.5 ). This 20 feature is in agreement with the fact that 4 has been described as an ambidextrous gelator, i.e. a gelator of both water and organic solvents, 31 and reveals the similar energetic weight of the hydrogen bonding groups and the non-polar naphthalene group in the gel formation.

Remarkably, for all examples tested (including LMWG 4) the graphical representation of the HSPs shows a clear clustering of the solution forming solvents (S) in a region of space and of the gel forming solvents (G) in a distinct region of space. The fact that the S solvents are clustered together is 30 not surprising, because we are probing the competition between solute-solvent and solute-solute interactions in the case of a molecularly dispersed solute. This is exactly the same situation as for polymer solubility studies, which have been shown to be adequately described by the HSP 35 approach. 22 The fact that the G solvents are not randomly mixed with the I solvents, but also form clusters of their own is a new and unexpected result. ‡ The gelation domain defined by these points (G) informs us on the interactions necessary to stabilize the fibres and is probably related to their surface 40 composition. In order to turn this experimental observation into a predictive tool, a quantitative description is needed. First, the centre and the radius of the solubility sphere were determined such that as many S solvents as possible lie inside the sphere, but I and G solvents lie outside (see ESI). 22,24 Similarly, the 50 centre and the radius of the gelation sphere were determined so that G solvents lie inside the sphere, but I and S solvents lie outside. Then the distance between each solvent and the centre of each sphere was computed and plotted in Fig. 2. The correlation is excellent: most S solvents are included in the 55 solubility sphere while nearly all other solvents are excluded (Fig. 2a). Moreover, most G solvents are included in the gelation sphere while all other solvents are excluded (Fig. 2b). The situation is very similar for gelators 3, 4, 5, 6 and 8 (see ESI). The fact that a few outlying solvents are present reminds 60 us that the correlation cannot be expected to be perfect, as is well known for the prediction of polymer solubility. The description of the data by a gelation sphere in the case of gelators 2 and 7 is less satisfactory, but can be improved by considering two gelation spheres (see ESI). The fact that more 3 than one gelation sphere may be necessary to describe the data is in fact quite natural, because it is known that the functional groups of the gelator that are exposed at the fibre surface depend on the solvent in contact with the fibre. 31 In conclusion, we propose a method to predict the behaviour of a known LMWG in untested solvents. Based on the behaviour of the LMWG in a set of solvents, it is possible to define a solubility sphere and one (or more) gelation spheres. If the untested solvent HSPs fall in the solubility sphere or in the gelation sphere, then this solvent is likely to dissolve or to be gelled by the LMWG, respectively. Of course, the reliability of the prediction will depend on the quality of the initial solubility data set. ‡ ‡ This straightforward method should become a useful data mining tool, allowing to considerably reduce the number of trials usually involved during the identification of a suitable gelator for a particular application, i.e. in a particular formulation.
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Scheme 1 Fig. 1

 11 Scheme 1Fig.1qualitatively shows that there is a strong correlation between the solvent classes and the HSP: the good solvents (S) are in a region of space with large values of and ;5
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 1 Fig. 1 Solubility data for LMWG 1 29 (30g/L) represented in Hansen

Fig. 2

 2 Fig. 2 Distances in Hansen space to the centre of the solubility sphere [dd = 16.0; dp = 9.4; dh = 8.7; RSol = 9.0 MPa 0.5 ] (a) or to the centre of the gelation sphere [dd = 18.0; dp = 1.0; dh = 2.0; RGel = 3.2 MPa 0.5 ] (b) for LMWG 1 29 . The line represents the radius of the sphere.
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