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Conformational control of hydrogen bonded aromatic bis-ureas

The phenylurea moiety is a ubiquitous synthon in supramolecular chemistry because it contains strong complementary hydrogen bonding groups and is synthetically very accessible. Here we investigate the possibility to strengthen self-association by conformational preorganization of the phenylurea moiety. In fact, we show that it is possible to strongly enhance intermolecular interactions between hydrogen bonded aromatic bis-ureas by substitution at the ortho positions of the phenylurea groups. Ortho substituents enforce a non-coplanar conformation of the urea and phenyl moieties better suited for hydrogen bonding. Substitution by methyl groups is more efficient than with larger groups, probably because of reduced steric hindrance. These effects have been demonstrated in the case of two different supramolecular architectures, which points to the probable generality of the phenomenon. In addition, this study has lead to the discovery of a new bis-urea able to form very stable self-assembled nanotubes in toluene up to high temperatures (boiling point) or low concentrations (10 -7 M) and in chloroform down to 3x10 -4 M.

Introduction

The phenylurea moiety (Scheme 1) is a ubiquitous synthon in supramolecular chemistry because it contains both a hydrogen bond acceptor and hydrogen bond donors, which are complementary and relatively strong. Moreover, its straightforward synthetic accessibility allows the incorporation of this synthon in a wide variety of molecular scaffolds. For instance, the hydrogen bond donor ability of phenylureas has been exploited in the fields of anion complexation [START_REF] Brooks | Carboxylate Complexation by a Family of Easy-to-Make Orthophenylenediamine Based Bis-Ureas: Studies in Solution and the Solid State[END_REF][START_REF] Pinault | Anions as Efficient Chain Stoppers for Hydrogen Bonded Supramolecular Polymers[END_REF][START_REF] Raatikainen | Tri-and Tetraurea Piperazine Cyclophanes: Synthesis and Complexation Studies of Preorganized and Folded Receptor Molecules[END_REF] and foldamer conformational control. [START_REF] Mousseau | Design and Synthesis of Urea-Linked Aromatic Oligomers-A Route Towards Convoluted Foldamers[END_REF] Most importantly, the self-complementarity of the phenylurea synthon is a reliable design element in crystal engineering [START_REF] Etter | Hydrogen Bond Directed Cocrystallization and Molecular Recognition Properties of Diarylureas[END_REF][START_REF] Laliberté | Molecular tectonics -Use of Urethanes and Ureas Derived from Tetraphenylmethane and Tetraphenylsilane to Build Porous Chiral Hydrogenbonded Networks[END_REF][START_REF] Custelcean | Crystal Engineering with Urea and Thiourea Hydrogen-Bonding Groups[END_REF][START_REF] Yang | Examination of the Structural Features That Favor the Columnar Self-Assembly of Bis-urea Macrocycles[END_REF] and the main driving force for the self-assembly of numerous organogelators, [START_REF] Van Esch | Cyclic Bis-Urea Compounds as Gelators for Organic Solvents[END_REF][START_REF] Van Der Laan | Remarkable Polymorphism in Gels of New Azobenzene Bis-urea Gelators[END_REF][START_REF] Mohmeyer | A New Class of Low-Molecular-Weight Amphiphilic Gelators[END_REF][START_REF] Mohmeyer | Synthesis and Structure-Property Relationships of Amphiphilic Organogelators[END_REF] liquid crystals, [START_REF] Kishikawa | A Ferroelectrically Switchable Columnar Liquid Crystal Phase with Achiral Molecules: Superstructures and Properties of Liquid Crystalline Ureas[END_REF] supramolecular polymers, [START_REF] Boileau | Soluble Supramolecular Polymers Based on Urea Compounds[END_REF][START_REF] Van Gorp | C3-Symmetrical Supramolecular Architectures: Fibers and Organic Gels from Discotic Trisamides and Trisureas[END_REF][START_REF] Simic | Highly Cooperative Formation of Bis-Urea Based Supramolecular Polymers[END_REF][START_REF] Colombani | Selective Synthesis of Non-Symmetrical Bis-Ureas and Their Self-Assembly[END_REF][START_REF] Lortie | Chain Stopper Assisted Characterization of Supramolecular Polymers[END_REF][START_REF] Cazacu | Columnar Self-Assembled Ureido Crown Ethers: An Example of Ion-Channel Organization in Lipid Bilayers[END_REF][START_REF] Bouteiller | Assembly via Hydrogen Bonds of Low Molar Mass Compounds into Supramolecular Polymers[END_REF][START_REF] Obert | Both Water and Organo-Soluble Supramolecular Polymer Stabilized by Hydrogen Bonding and Hydrophobic Interactions[END_REF][START_REF] Sabadini | Bis-Urea Based Supramolecular Polymer: The First Self-Assembled Drag Reducer for Hydrocarbon Solvents[END_REF][START_REF] Nieuwenhuizen | Self-Assembly of Ureido-Pyrimidinone Dimers into One-Dimensional Stacks by Lateral Hydrogen Bonding[END_REF] nanostructured polymers, [START_REF] Colombani | Attempt Toward 1D Cross-Linked Thermoplastic Elastomers: Structure and Mechanical Properties of a New System[END_REF][START_REF] Das | Structure-Property Relationships and Melt Rheology of Segmented, Non-Chain Extended Polyureas: Effect of Soft Segment Molecular Weight[END_REF][START_REF] Das | Probing the Urea Hard Domain Connectivity in Segmented, Non-Chain Extended Polyureas Using Hydrogen-Bond Screening Agents[END_REF][START_REF] Ouhib | Microporous Polyacrylate Matrix Containing Hydrogen Bonded Nanotubular Assemblies[END_REF][START_REF] Courtois | Supramolecular Soft Adhesive Materials[END_REF][START_REF] Pensec | Self-Assembly in Solution of a Reversible Comb-Shaped Supramolecular Polymer[END_REF] selfassembled monolayers [START_REF] Vonau | Evolution of Multilevel Order in Supramolecular Assemblies[END_REF][START_REF] Vonau | Cooperative Rearrangements Leading to Long Range Order in Monolayers of Supramolecular Polymers[END_REF][START_REF] Vonau | Branched Substituents Generate Improved Supramolecular Ordering in Physisorbed Molecular Assemblies[END_REF] and dimeric capsules. [START_REF] Cho | Hydrogen-Bonding Effects in Calix[4]arene Capsules[END_REF][START_REF] Alajarin | Self-Assembly of Tris(2ureidobenzyl)amines: A New Type of Capped, Capsule-Like DimericAggregates Derived from a Highly Flexible Skeleton[END_REF][START_REF] Shivanyuk | Sterically and Guest-Controlled Self-Assembly of Calix[4]arene Derivatives[END_REF][START_REF] Rudzevich | Fine-Tuning the Dimerization of Tetraureacalix[4]arenes[END_REF] Scheme 1. Schematic conformations for the phenylurea moiety (trans-trans conformation).

Interestingly, the phenylurea moiety can display a strong conformational change on self-assembly.

Molecular simulation studies and gas phase experiments show that several conformations are possible in the monomeric state (mainly trans-trans and cis-trans). When the urea group is in trans-trans conformation (Scheme 1), the urea and the phenyl groups are close to coplanar, because this conformation is stabilized by the possibility of extended conjugation and also by a weak hydrogen bond between the C=O group and the neighboring ortho hydrogen on the phenyl ring. [START_REF] Emery | Conformational Preferences in Model Antiviral Compounds: A Spectroscopic and Computational Study of Phenylurea and 1,3-Diphenylurea[END_REF][START_REF] Bryantsev | Conformational Analysis and Rotational Barriers of Alkyl-and Phenyl-Substituted Urea Derivatives[END_REF] However, upon self-assembly the N-Cphenyl bond has to rotate to avoid steric clash between the aromatic groups and to allow some p-stacking interaction (Scheme 1). [START_REF] Dannecker | C13H12N2[END_REF][START_REF] Ciajolo | Structure Analysis of two Conformationally Flexible Sapidants, o-and p-Tolylurea[END_REF][START_REF] George | N'-Bis(4-biphenylyl)urea[END_REF][START_REF] Koevoets | Molecular Recognition in a Thermoplastic Elastomer[END_REF] It is therefore remarkable that no systematic study has yet been performed to assess to what extent it is possible to improve the preorganization of the phenylurea synthon for self-assembly. Indeed, enforcing a non-coplanar conformation in the monomer should strengthen self-association for both enthalpic and entropic reasons.

A natural approach to such a conformational control is to introduce bulky substituents on the phenyl ring, in ortho positions to the urea. The efficiency of this design has been amply demonstrated in the cases of benzamides [START_REF] Bowles | Atroposelectivity in the Reactions of Ortholithiated Aromatic Tertiary Amides With Aldehydes[END_REF][START_REF] Bushey | Enforced Stacking in Crowded Arenes[END_REF] and phenyloxalamides [START_REF] Gonzales-Gonzales | Supramolecular Architectures of Conformationally Controlled 1,3-Phenyldioxalamic Molecular Clefts Through Hydrogen Bonding and Steric Restraints[END_REF] and other aromatic structures. [START_REF] Helzy | Engineering Hydrogen-Bonded Molecular Crystals Built from 1,3,5-Substituted Derivatives of Benzene: 6,6[END_REF] In this article, we show that it is possible to extend this strategy to aromatic bis-ureas and vastly improve the stability of the assemblies.

Results and Discussion

Scheme 2. Structure of bis-urea monomers.

Bis-urea 4MeF (Scheme 2) was shown to self-assemble through hydrogen bonding into two distinct supramolecular structures of high molar masses. [START_REF] Bouteiller | Thickness Transition of a Rigid Supramolecular Polymer[END_REF] In toluene both structures have similar stabilities and are in fast dynamic exchange. [START_REF] Roman | Supramolecular Balance: Using Cooperativity to Amplify Weak Interactions[END_REF][START_REF] Bouteiller | Probing Intermolecular Interactions in Self-Assembled Nanotubes[END_REF] Therefore, it is possible to switch the assembly from one structure to the other by changing the temperature: the high-temperature structure is a long filament with a single bis-urea in the cross-section, [START_REF] Simic | Highly Cooperative Formation of Bis-Urea Based Supramolecular Polymers[END_REF] while the low-temperature structure is a very long and rigid tube with three bis-ureas in the cross-section (Figure 1). [START_REF] Pinault | Solvents with Similar Bulk Properties Induce Distinct Supramolecular Architectures[END_REF][START_REF] Shikata | Structure and Dynamics of a Bisurea Based Supramolecular Polymer in n-Dodecane[END_REF] The latter structure is particularly interesting as the entanglements between the nanotubes are responsible for the formation of viscoelastic gels [START_REF] Sabadini | Bis-Urea Based Supramolecular Polymer: The First Self-Assembled Drag Reducer for Hydrocarbon Solvents[END_REF][START_REF] Shikata | Structure and Dynamics of a Bisurea Based Supramolecular Polymer in n-Dodecane[END_REF][START_REF] Van Der Gucht | Brownian Particles in Supramolecular Polymer Solutions[END_REF][START_REF] Knoben | Dynamics of Reversible Supramolecular Polymers: Independent Determination of the Dependence of Linear Viscoelasticity on Concentration and Chain Length by Using Chain Stoppers[END_REF][START_REF] Ducouret | Rheological Characterisation of Bis-Urea Based Viscoelastic Solutions in an Apolar Solvent[END_REF] and the presence of a tubular cavity opens the door to ultramicroporous materials. [START_REF] Ouhib | Microporous Polyacrylate Matrix Containing Hydrogen Bonded Nanotubular Assemblies[END_REF] In a preliminary attempt to control the monomer conformation and stabilize the nanotube supramolecular assembly, bis-urea 2,4,6triMeF was synthesized. [START_REF] Isare | Engineering the Cavity of Self-Assembled Dynamic Nanotubes[END_REF] However, it was shown that the nanotube assembly was actually less stable for bis-urea 2,4,6triMeF than for bis-urea 4MeF. Molecular simulations showed that the three methyl groups indeed preorganize the urea groups better for intermolecular hydrogen bonding, but that this effect is more than compensated by the increased steric strain in the nanotube interior, which is due specifically to the methyl group in position 2 (Figure 1). [START_REF] Isare | Engineering the Cavity of Self-Assembled Dynamic Nanotubes[END_REF] Therefore, we engaged in a systematic investigation of the influence of alkyl subtituents in positions 4 and 6 on the phenyl ring, while keeping a hydrogen atom in position 2, to avoid filling the cavity of the nanotubes. Bis-ureas shown in Scheme 2 were synthesized by dinitration of the corresponding alkylbenzenes followed by reduction and reaction with 2-ethylhexylisocyanate, except F and 4MeF for which the aromatic diisocyanate is commercially available (see Supporting Information).

Figure 1.

Optimized nanotube structure for bis-urea 4MeF determined by molecular mechanics. [START_REF] Isare | Engineering the Cavity of Self-Assembled Dynamic Nanotubes[END_REF] The ethylhexyl side chains were replaced by methyl groups for clarity. Most bis-ureas synthesized dissolve in toluene, except 4,5,6triMeF (which dissolves only at high temperature and forms an opaque gel after cooling) and F (which is insoluble even at high temperature). All solutions display a significant increase in viscosity with concentration, revealing the large size of the assemblies (Figure 2). Moreover, the strong influence of the substituents on the assemblies is clearly demonstrated by the huge differences in viscosity of the solutions. The concentration at which these large assemblies form varies by almost two orders of magnitude, and it increases in the order 4,6diMeF < 4MeF < 4,6MeEtF < 4,6diEtF < 4EtF.

The fact that hydrogen bonding is involved in the formation of these assemblies was verified by FTIR spectroscopy. Figure S1 shows that at 10mM in toluene, all bis-ureas have two absorption bands in the range 3250 -3350 cm -1 corresponding to hydrogen bonded aromatic and aliphatic N-H groups, and they show no contribution at larger wavenumbers where free N-H groups would absorb. [START_REF] Simic | Highly Cooperative Formation of Bis-Urea Based Supramolecular Polymers[END_REF][START_REF] Lortie | N'-Disubstituted Ureas : Influence of Substituents on the Formation of Supramolecular Polymers[END_REF] The structure of the assemblies was then examined by Small Angle Neutron Scattering (SANS).

Figure 3 shows the scattered intensity for solutions in deuterated toluene. The low angle region shows a q -1 dependence over more than a decade, which is characteristic for long and rigid fibrillar objects. 57 In principle, the characteristic dimensions of the scattering objects can be deduced from a fit to a form factor calculated according to a suitable geometrical model. In the present case, the use of a form factor for infinitely long rigid filaments with a circular cross-section and a uniform scattering length density profile, [START_REF] Bouteiller | Thickness Transition of a Rigid Supramolecular Polymer[END_REF]58 affords an excellent fit over the whole q range except for 4,6MeEtF (Figure 3). In the case of 4,6MeEtF the fit is still characteristic for long fibrillar objects in the large q region, while at lower q some additional scattered intensity is seen. It is most probably due to a lower rigidity of the objects (lower persistence length) or to a presence of aggregates (see Supporting Information). The values deduced from the fits are summarized in Table 1. According to these results, bis-ureas 4EtF, 4,6MeEtF and 4,6diEtF form similar assemblies, with a relatively low linear density (nL ≈ 0.25Å -1 ). This linear density is compatible with the presence of a single bis-urea in the cross-section and is characteristic of the previously described filament structure. [START_REF] Bouteiller | Thickness Transition of a Rigid Supramolecular Polymer[END_REF]59 In contrast, bis-ureas 4MeF and 4,6diMeF form assemblies with a linear density two to three times larger than the others. Linear density values for 4MeF in this range (0.52 ≤ nL ≤ 0.70Å -1 ) have previously been attributed to the tube structure (Figure 1) with three bis-ureas in the cross-section, [START_REF] Bouteiller | Thickness Transition of a Rigid Supramolecular Polymer[END_REF][START_REF] Pinault | Solvents with Similar Bulk Properties Induce Distinct Supramolecular Architectures[END_REF][START_REF] Shikata | Structure and Dynamics of a Bisurea Based Supramolecular Polymer in n-Dodecane[END_REF] because this structure is the simplest structure compatible with a previously demonstrated host-guest effect. [START_REF] Pinault | Solvents with Similar Bulk Properties Induce Distinct Supramolecular Architectures[END_REF] Furthermore, we assume that 4,6diMeF forms the same tube structure, because of the similar linear density measured (nL = 0.68Å -1 ).

Figure 3. SANS intensity (I) versus scattering vector (q) for bis-urea solutions in d8-toluene at 5g/L (12mM) and 22°C. The plain curves are fits according to a model for long rigid filaments with a circular cross-section (characteristic dimensions in Table 1).

At this stage, one can conclude that the tube to filament equilibrium is shifted in favor of the filament for 4EtF, 4,6MeEtF and 4,6diEtF compared to 4MeF. Therefore, the addition of an ethyl group and/or the substitution of a methyl group by an ethyl group in positions 4 or 6 of the aromatic ring stabilizes the filament structure or destabilizes the tube structure. In contrast, the addition of a methyl group in position 6 of the aromatic ring induces a less obvious perturbation, because both 4MeF and 4,6diMeF form the same tube structure. To assess more precisely the effect of a methyl group in position 6 of the aromatic ring, the comparison between 4MeF and 4,6diMeF was extended to higher temperatures. In the case of 4MeF in toluene, the tube structure is known to lose stability at about 45°C in favor of the filament structure (at concentrations larger than 1mM). This transition is easily detected by DSC, SANS and FTIR. [START_REF] Bouteiller | Thickness Transition of a Rigid Supramolecular Polymer[END_REF]60 In the case of 4,6diMeF, no transition is detected by DSC, SANS (Figure S5) or FTIR (Figure S2) up to a temperature of 105°C. Therefore one can conclude that the addition of a methyl group in position 6 of the aromatic ring strongly stabilizes the tube relative to the filament structure. Remarkably, the FTIR experiment (Figure S2) also shows the absence of absorption in the 3450 -3400 cm -1 range corresponding to free N-H groups, which means that the tube to monomer equilibrium is strongly in favor of the tubes, even at 105°C. Up to now, we have only probed the relative stability of the tube and filament structures. Therefore, in order to reach more definite conclusions, we investigated the filament to monomer and tube to monomer equilibria. To do so, one has to dilute the solutions until the assemblies dissociate into monomers. Such dilution experiments can conveniently be monitored by Isothermal Titration Calorimetry (ITC). [START_REF] Arnaud | Isothermal Titration Calorimetry of Supramolecular Polymers[END_REF] Figure 4 shows the heat effect produced when a drop of a solution containing a selfassembled bis-urea is diluted into pure solvent. The endothermic signal results from the breaking of hydrogen bonds due to the dilution. Qualitatively, it is possible to see that the dilution of 4MeF and 4EtF produce similar heat effects, whereas 4,6diMeF, 4,6MeEtF and 4,6diEtF yield very small heat effects. This means that the self-association of 4,6diMeF, 4,6MeEtF and 4,6diEtF is much stronger than that of 4MeF and 4EtF. To quantify this effect, the experiments were reproduced with optimized initial concentrations and injection volumes (see Table S5 for conditions) and then the heat signal was integrated and plotted versus the concentration in the calorimetric cell (Figure 5). From these curves, it is first possible to determine the critical concentration (c * ) below which the assemblies dissociate into monomers. 60 Table 2 shows that the stability of the assemblies increases very strongly from 4MeF and 4EtF (c * = 30µM) to 4,6MeEtF and 4,6diEtF (c * ≈ 5µM) and to 4,6diMeF (c * < 0.1µM). Moreover, the exact shape of the titration curves can be accounted for by a simple mass action law model describing the evolution of the concentration of monomers (M) and filaments (Fn) of any degree of polymerization (n) (Figure 6). [START_REF] Arnaud | Isothermal Titration Calorimetry of Supramolecular Polymers[END_REF] The values deduced from the fit for the association constants and the enthalpy of association are reported in Table 2. The validity of this treatment has been carefully checked in the case of 4MeF in various solvents and in a large temperature range. 60,[START_REF] Arnaud | Isothermal Titration Calorimetry of Supramolecular Polymers[END_REF] Still, it is of interest to see if the application of this model to the ITC data yields parameters that are compatible with the model-free viscosity data. For each bis-urea, the parameters in Table 2 were used to compute the average degree of polymerization of the supramolecular assembly versus concentration. Figure S8 shows that, in the concentration range 10 -4 to 10 -2 mol L -1 , the average degree of polymerization increases in the order 4EtF < 4,6diEtF < 4,6MeEtF << 4MeF. In fact, Figure 2 shows that the viscosity of the solutions increases in exactly the same order, thus confirming the qualitative agreement between the ITC derived thermodynamic parameters and viscosity data. The data in Table 2 now allows an unambiguous analysis of the influence of the bis-urea structure on the self-assembly. The first observation is that the presence of two alkyl groups in positions 4 and 6

(instead of a single alkyl) strongly favors intermolecular interactions, whatever the nature of the alkyl (methyl or ethyl) and whatever the structure (filament or tube). Indeed, the association constant for the filament growth (k) is an order of magnitude larger in the case of 4,6MeEtF or 4,6diEtF than in the case of 4MeF or 4EtF. As far as the tube formation is concerned, the association constant for 4,6diMeF is too strong to be determined, but it is much stronger than for 4MeF. This first effect is in line with our expectation that the presence of ortho substituents should enforce a non-coplanar conformation in the monomer and thus better preorganize it for self-association. The second observation is that a methyl group enhances intermolecular interactions more efficiently than an ethyl group. This can be seen by comparing the association constant of 4MeF versus 4EtF or of 4,6MeEtF versus 4,6diEtF. This second effect is probably due to the increased steric bulk of the ethyl group compared to methyl. S5.

As far as the stabilization of the nanotube supramolecular structure is concerned, we have identified a particularly efficient monomer (4,6diMeF). In order to test it further, we characterized its behavior in a more polar solvent (chloroform), i.e. in conditions where hydrogen bonds are weaker. [START_REF]More polar solvents than chloroform were not used because of the low solubility of 4,6diMeF. However, a closely related bis-urea was recently shown to form strong intermolecular hydrogen bonds in solvents such as tetrahydrofuran[END_REF] FTIR spectroscopy shows that, at a concentration of 10mM, 4,6diMeF is fully hydrogen bonded, in contrast to the other bis-ureas which display a weak absorption in the range 3430 -3450 cm -1 corresponding to free N-H groups (Figure S3). Moreover, SANS shows that 4,6diMeF self-assembles into the tube structure, whereas the other bis-ureas self-assemble into the filament structure (Figure S6 and Table S4). Finally, the stability of the assemblies was probed by ITC. The enthalpograms are shown in Figure S7, and the results of the fit with the self-association model of Figure 6 are summarized in Table 3. The ITC results highlight the exceptional stability of the hydrogen bonded assemblies formed by bis-urea 4,6diMeF: the nanotube structure is stable in chloroform at concentrations as low as c* = 0.3 mM.

Moreover, ITC also confirms the conclusions previously derived from the experiments in toluene. (i)

The presence of two alkyl groups in positions 4 and 6 favors intermolecular interactions, whatever the nature of the alkyl (methyl or ethyl), because the association constant for the filament growth (k) increases in the order F < 4EtF < 4,6diEtF, but also F < 4MeF, or 4EtF < 4,6MeEtF. (ii) A methyl group enhances intermolecular interactions more efficiently than an ethyl group, as shown by the increasing association constant in the order 4EtF < 4MeF or 4,6diEtF < 4,6MeEtF.

Table 2. Parameters deduced from ITC experiments in toluene at 25°C (Figure 5). a concentration below which the assemblies dissociate into monomers. 60 b association constant for filament growth (Figure 6).

c enthalpy for filament growth (Figure 6). a concentration below which the assemblies dissociate into monomers. 60 b association constant for filament growth (Figure 6).

c enthalpy for filament growth (Figure 6).

d association constant or enthalpy for tube growth. The equilibrium between monomer and tubes was described according to the model in Figure S9).

Conclusion

In conclusion, we have shown that it is possible to strongly enhance intermolecular interactions between hydrogen bonded aromatic bis-ureas by substitution at the ortho positions of the phenylurea groups. Ortho substituents enforce a non-coplanar conformation of the urea and phenyl moieties and thus probably better preorganize the monomer for hydrogen bonding. Substitution by methyl groups is more efficient than with larger groups, probably because of reduced steric hindrance. The fact that these effects have been demonstrated in the case of two different supramolecular architectures points to the probable generality of the phenomenon. In addition, this study has lead to the discovery of a new bisurea (4,6diMeF) able to form very stable self-assembled nanotubes in toluene up to high temperatures (boiling point) or low concentrations (10 -7 M) and in chloroform down to 3x10 -4 M. ACKNOWLEDGMENT F. Guillemot, L. Ribeaucourt, M. Walter, V. de la Cruz and M. Gallois are thanked for their contribution to this project.

SUPPORTING INFORMATION AVAILABLE Synthesis and characterization of bis-ureas;

additional solubility, viscosimetry, SANS, FTIR, DSC and ITC data. This information is available free of charge via the Internet at http://pubs.acs.org/.
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 2 Figure 2. Relative viscosity versus concentration for bis-urea solutions in toluene at 25°C.

Figure 4 .

 4 Figure 4. Heat effect (ITC) produced by injecting 3 µL aliquots of a 0.5 mM bis-urea solution in
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 5 Figure 5. ITC enthalpograms for bis-urea solutions in toluene injected into toluene versus total bis-urea concentration in the cell (T = 25°C). Experimental conditions are reported in TableS5.
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  association constant or enthalpy for tube growth. Data from reference 60.
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 6 Figure 6. Association equilibria between monomer (M) and filaments (Fn) of degree of polymerisation (n).

Table 1 .

 1 Geometrical radius (r) and linear density (nL) of the fibrillar objects, deduced from the fit shown in Figure3.

	Bis-urea	r (Å)	nL (Å -1 )
	4MeF	13	0.55
	4EtF	10	0.27
	4,6diMeF	12	0.68
	4,6MeEtF	12	0.26
	4,6diEtF	11	0.23

Table 3 .

 3 Parameters deduced from ITC experiments in chloroform at 20°C (FigureS7).

	Bis-urea	c * a	k2 b	k b	DH c
		(mol L -1 )	(L mol -1 )	(L mol -1 )	(kcal mol -1 )
	F	1.6x10 -3	25	1100	-7.8
	4MeF	1.0x10 -3	58	1700	-8.3
	4EtF	1.2x10 -3	87	1300	-9.3