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All poly(ionic liquid) block copolymer nanoparticles from antagonistic isomeric macromolecular blocks via aqueous RAFT polymerization-induced self-assembly Jérémy Depoorter, Xibo Yan, Biao Zhang, Guillaume Sudre, Aurélia Charlot, Etienne Fleury and Julien Bernard* We describe herein a straightforward methodology for designing all-poly(ionic liquid) block copolymer nanoparticles with various morphologies by aqueous RAFT polymerization-induced self-assembly relying on the use of a couple of isomeric ionic liquid monomers giving rise to macromolecular building blocks with antagonist solution behavior in water. Q4
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Introduction

Combining the positive aspects of ionic liquids and polymers, e.g. liquid-like ionic conductivity and chemical and thermal stability on one hand, and mechanical properties and processability on the other hand, poly(ionic liquid)s (PILs) have progressively arisen as a promising class of polymers with a multitude of applications in the domains of catalysis, energy storage and conversion, electrochemical devices, separation, and so on. 1 Poly(ionic liquid) systems have now reached a high degree of complexity and sophistication in terms of their composition, architecture and functionality. Access to this broad range of macromolecular materials has been achieved by exploiting step-growth polymerization processes, 2 chaingrowth polymerization processes such as conventional radical polymerization, 3 controlled/living polymerization techniques, 4 or Ring Opening Metathesis Polymerization (ROMP), 5 and/or post-polymerization modification strategies and by combining diverse polymer-bound cationic species, e.g. imidazolium, 6 pyridinium, 7 phosphonium, 8 ammonium, 9 triazolium, 10 cyclopropenium [START_REF] Freyer | Clickable Poly(ionic liquids) : A Materials Platform for Transfection[END_REF] or pyrolidinium [START_REF] Qin | Synthesis of Pyrrolidinium-Type Poly(ionic liquid) Membranes for Antibacterial Applications[END_REF] species with halides, aromatic anions, inorganic fluorides or per-fluorinated sulfonimides as mobile anionic counterparts or, more rarely, poly-anionic species with mobile cations. 13 Efforts have been recently made to design precisely defined poly(ionic liquid)-containing block copolymers capable of selfassembling in solution 4a,14 or in bulk. 15 In the latter case, the influence of the composition, morphology, orientation of the domains or process has been investigated in detail to conceive nanostructured materials with long-range order and enhanced ionic conductivity. The majority of these studies rely on block copolymers composed of one poly(ionic liquid) block and one neutral block. In spite of attracting great interest, reports on all-poly(ionic liquid) amphiphilic block copolymers remain rather rare. To our knowledge, the only examples of all-poly (ionic liquid) amphiphilic block copolymers have been developed by Detrembleur and Taton. [START_REF] Cordella | All-Poly(ionic liquid)-Based Block Copolymers by Sequential Controlled Radical Copolymerization of Vinylimidazolium Monomers[END_REF][START_REF] Cordella | One-Pot Synthesis of Double Poly(Ionic Liquid) Block Copolymers by Cobalt-Mediated Radical Polymerization-Induced Self-Assembly (CMR-PISA) in Water[END_REF][START_REF] Cordella | Fluorinated Poly(ionic liquid) Diblock Copolymers Obtained by Cobalt-Mediated Radical Polymerization-Induced Self-Assembly[END_REF] These authors explored the sequential organometallic-mediated radical polymerization of N-vinyl-3-alkylimidazolium-based monomers (VRImX) with methyl, ethyl or butyl groups and bromide (Br -) or bis(trifluoromethylsulfonyl)imide (Tf 2 N -) as counterions to confer a hydrophilic or organophilic character to the resulting blocks (and promote phase separation). Unfortunately, fast ionic exchanges resulted in the formation of PIL-b-PIL with a random distribution of Br -and Tf 2 N -along the chain. [START_REF] Cordella | All-Poly(ionic liquid)-Based Block Copolymers by Sequential Controlled Radical Copolymerization of Vinylimidazolium Monomers[END_REF] To address this issue, the same authors further evolved the substitution pattern of the N-vinyl imidazolium-based ionic liquid monomers (introducing triethylene glycol, octyl or perfluorooctyl groups in the 3-position of the imidazolium ring) to generate all-poly(ionic liquid) amphiphilic block copolymer nanoparticles by Polymerization-Induced Self-Assembly (PISA) in water. [START_REF] Cordella | One-Pot Synthesis of Double Poly(Ionic Liquid) Block Copolymers by Cobalt-Mediated Radical Polymerization-Induced Self-Assembly (CMR-PISA) in Water[END_REF][START_REF] Cordella | Fluorinated Poly(ionic liquid) Diblock Copolymers Obtained by Cobalt-Mediated Radical Polymerization-Induced Self-Assembly[END_REF] However, no morphological transition from spheres to fibers or vesicles was observed for all-poly(ionic liquid) block copolymer In this communication, we report on the preparation of amphiphilic block copolymer nanoparticles from ionic liquid monomers. At the core of our strategy is the selection of a pair of water-soluble isomeric imidazolium-based monomers, 1-[2acryloylethyl]-3-dodecylimidazolium bromide (AEDIBr) and 1-[2-acryloyldodecyl]-3-ethylimidazolium bromide (ADEIBr, see Fig. 1), whose resulting homopolymers display disparate solution behaviour. Capitalizing on the opposite solubility for these two homopolymers, we demonstrate here that the couple of Q5

isomers can be easily combined to design precisely defined poly(ionic liquid)-b-poly(ionic liquid) amphiphilic block copolymers using aqueous dispersion RAFT-mediated PISA. Using PADEIBr as a water soluble macro-chain transfer agent and tuning the length of the PAEDIBr block and the solid content, we show that poly(ionic liquid)-b-poly(ionic liquid) nanospheres, nanorods or vesicles, can be generated in high yields.

To the best of our knowledge, the preparation of nanoparticles with diverse morphologies from all-poly(ionic liquid) diblock copolymers is unprecedented.

Experimental section

Materials

Anhydrous acryloyl chloride (97%), Aliquat 336, 2-bromoethanol (95%), 12-bromo-1-dodecanol (99%), trimethylamine anhy-drous (≥99%), 1-ethylimidazole (≥95%), 1-dodecylimidazole (98%), sodium bicarbonate (NaHCO 3 ), magnesium sulfate (99%), aluminium oxide (activated, neutral, Brockmann I, 50-300 mesh, 58 pore size), silica nanoparticles (60 Å, 70-230 mesh), 4,4′-azobis (4-cyanovaleric acid) (ACPA, ≥98%), N-isopropylacrylamide (97%), DMSO (anhydrous, 99%), bis (trifluoromethylsulfonyl) imide lithium salt (LiTFSI), ethanethiol (97%), carbon disulfide (≥99%), acetone, chloroform, hexane, cyclohexane, sodium hydroxide, dichloromethane, diethyl ether, hydrochloric acid, acetonitrile (anhydrous, 99.8%), anhydrous N,N-dimethylformamide (DMF), anhydrous tetrahydrofuran (THF, ≥99%), deuterium oxide (D 2 O), dimethyl sulfoxide-d 6 (DMSO-d 6 ), chloroform-d, and methanol-d 4 were purchased from Aldrich and used as received. Dialysis membranes (M w cut-off: 1000 Da) were purchased from Spectrum Laboratories. S-Ethyl-S′-(α,α′-dimethyl-α″-acetic acid) trithiocarbonate (EMP) was prepared as previously described. [START_REF] Convertine | Direct Synthesis of Thermally Responsive DMA/NIPAM Diblock and DMA/NIPAM/DMA Triblock Copolymers via Aqueous, Room Temperature RAFT Polymerization[END_REF] Methods 1 H and 13 C NMR spectroscopy. 1 H and 13 C NMR spectra were recorded at ambient temperature on a Bruker Avance 400 operating at 400 MHz. Chemical shifts are reported in ppm relative to residual solvent peaks (DMSO-d 6 or D 2 O). For proton NMR analyses, data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = Size exclusion chromatography (SEC). Molar masses and dispersities were determined by SEC in DMF/LiTFSI (10 mM) at 50 °C and a flow rate of 1 mL min -1 . The system was equipped with a Viscotek pump, a Rheodyne 7725i manual injector (100LL loop), two Viscotek I-MBHMW-3078 columns, one Viscotek I-MBLMW-3078 column, 300 × 7.5 mm ( polystyrene/ divinylbenzene), a pre-column viscotek I-GUARD-0478 and a combination of detectors (a Viscotek VE3580 refractometer RI at 50 °C and a Viscotek T60A viscometer at room temperature). TFSI-modified PILs (vide infra) were dissolved in DMF/LiTFSI and filtered through 0.20 μm pore size PTFE filters prior to injection. Molar masses were evaluated by using a refractive index calibration curve built from PS standards (265 g mol -1 -2 700 000 g mol -1 ). Omnisec software was used for the analysis of the results.

Note that, prior to SEC analyses, bromine counter-anions must be exchanged with bis(trifluoromethyl sulfonyl)imide ones Q6 as follows. Typically, the polymer material (10 mg) was first dissolved in 1 mL deionized water and an excess of LiTFSI (∼40 mg) in 1 mL of water was added dropwise. The solution was left under stirring for 1 h. Water was eliminated and the polymer deposited at the bottom of the flask was washed five times with water to remove the residual lithium bromide. The resulting TFSI-containing polymers were finally dried at 60 °C for one night under vacuum before SEC analysis.

Dynamic light scattering (DLS). Particle size measurements were carried out by dynamic light scattering (DLS) on a Malvern Instruments Zetasizer nano series instrument using the cumulant method. Aqueous solutions were prepared at 1 mg mL -1 , and at least five measurements were performed at 25 °C for each sample. Equilibration times of 10 minutes were used before each measurement.

Transmission electron microscopy (TEM). TEM images were obtained on a Philips CM120 electronic microscope at an accelerating voltage of 80 kV. Samples were prepared by placing a drop of dispersion (1 mg mL -1 ) onto a Formvarcoated copper grid. The excess solution was carefully blotted off using filter paper and the samples were dried for a few minutes before analysis.

X-ray scattering analysis. Small Angle X-ray Scattering (SAXS) measurements were performed at the European Synchrotron Radiation Facility (ESRF, Grenoble, France) on the BM02-D2AM beamline. The SAXS analyses were performed on water dispersions. The samples were placed in glass tubes (external diameter: 3 mm, wall thickness: 0.2 mm, and length: 76 mm, from Deutero GmbH) with rubber caps to avoid water evaporation. The incident photon energy E was set to 10.5 keV (ΔE/E = 10 -4 ). The 2D XPad solid state detector was placed at a sample-to-detector distance of about 1.12 m and a Pb beam stop with a diameter of 3 mm was used, leading to a q-range from 7.0 × 10 -3 to 2.3 × 10 -1 Å -1 . The two-dimensional data were corrected for camera distortion, dark image reading and flat field response of the detector; they were normalized by the incident flux and I-calibration was achieved with a glassy carbon standard. The position of the direct beam was determined simultaneously with the q-calibration performed using a silver behenate standard. The corrected two-dimensional data were averaged azimuthally to obtain intensity vs. scattering vector q (corresponding to: q = (4π/λ)sin(θ), where 2θ is the scattering angle and λ is the incident wavelength). Finally, the scattering data were corrected for the scattering from the empty silica tube and they were normalized by the thickness of the samples.

Preparation of ionic liquid monomers (ILM) Synthesis of 12-bromododecyl acrylate. To a solution of 10 g (0.04 mol) of 12-bromo-1-dodecanol in 40 mL of anhydrous tetrahydrofuran (THF), a solution of 3.65 g (0.04 mol) of acryloyl chloride in 40 mL of anhydrous THF was added gradually for 30 min at 0 °C under an argon atmosphere. After the addition, the reaction mixture was continuously stirred for 30 min. Then, 4.4 g (0.04 mol) of trimethylamine in 40 mL of anhydrous THF was added dropwise over 60 min at 0 °C. The solution became slurry after several minutes. The reaction mixture was stirred overnight at room temperature and filtered. The filtrate was washed five times with 75 mL of 2 wt% NaHCO 3 and dried over anhydrous MgSO 4 . The dried solution was filtered and the filtrate was passed through a short column (40 g) of neutral alumina (yield: 10.83 g; 84% (ADEIBr). Under an argon atmosphere, a mixture of 12-bromododecylacrylate (0.8 g; 0.0044 mol) and ethylimidazole (1 g, 0.0044 mol) in anhydrous acetonitrile (75 mL) was refluxed at 40 °C for 48 h. Then acetonitrile was removed via rotary evaporation below 30 °C. After removal of the solvent, the viscous liquid was purified by precipitation in cold diethyl ether (-20 °C from the fridge). The viscous and slightly yellow liquid was dried at room temperature until a constant weight was attained (yield: 0.6 g; 33% Synthesis of 2-bromoethyl acrylate. To a solution of 56.0 g (0.44 mol) of 2-bromoethanol in 200 mL of anhydrous dichloromethane, a solution of 36.2 g (0.40 mol) of acryloyl chloride in 40 mL of anhydrous dichloromethane was added gradually for 30 min at 0 °C under a N 2 atmosphere. The reaction mixture was then stirred for 30 min. Then, 44.0 g
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Polymerization of ILMs

Aqueous RAFT polymerization of ADEIBr. In a typical experiment, 2.5 mg of trithiocarbonate (EMP, 1.1 × 10 -5 mol) and 0.6 mg of 4,4′-azobis(4-cyanopentanoic acid) (ACPA, 2.24 × 10 -6 mol) were first dissolved in 465 mg of 1-[2-acryloyldodecyl]-3-ethylimidazolium bromide (ADEIBr, 1.12 × 10 -3 mol) to overcome EMP solubility issues in water. Water was added so that the final monomer concentration was fixed at 40 wt%. After mixing, the yellow solution was deoxygenated by five consecutive freeze-pump-thaw cycles. After the last cycle, the Schlenk flask was filled with nitrogen, allowed to warm up to room temperature and placed in an oil bath at 70 °C. Aliquots of polymerization medium were withdrawn at regular time intervals to estimate the conversion via 1 H NMR, molar masses and dispersity via SEC in DMF/LiTFSI after ionic exchange. The reaction was quenched by plunging the tubes into liquid nitrogen. The polymer was purified by dialysis (M w cut-off = 1000 Da) against water, and freeze-dried. Similar conditions were used to polymerize AEDIBr.

RAFT polymerization of AEDIBr in DMF 2.5 mg of EMP (1.1 × 10 -5 mol), 0.6 mg of ACPA (2.24 × 10 -6 mol), 465 mg of 1-[2-acryloylethyl]-3-dodecylimidazolium bromide (AEDIBr, 1.12 × 10 -3 mol) were dissolved in DMF. The final monomer concentration was fixed at 40 wt%. After mixing, the yellow solution was deoxygenated by five consecutive freezepump-thaw cycles. After the last cycle, the Schlenk tube was filled with nitrogen, warmed to room temperature and placed in an oil bath at 70 °C. An initial sample (t = 0) was collected with a syringe. The aliquots of the polymerization medium were further withdrawn at regular time intervals to determine conversion via 1 H NMR, molar masses and dispersity via SEC in DMF/LiTFSI after ionic exchange. The reaction was quenched by plunging the tubes into liquid nitrogen. The samples were purified by dialysis (M w cut-off = 1000 Da) against water, and dried by freeze-drying.

Synthesis of poly(ADEIBr)-b-poly(NIPAAm). 0.12 mg of ACPA (4.4 × 10 -7 mol) and 0.9 mg of poly(ADEIBr) 9 macroRAFT agent (2.2 × 10 -6 mol) were first dissolved in 500 µL of DMSO. Then, 100 mg of NIPAAm (8.8 × 10 -4 mol) was added into the Schlenk tube. The tube was deoxygenated by five consecutive freeze-pump-thaw cycles. After the last cycle, the tube was filled with nitrogen, allowed to warm up to room temperature and placed in an oil bath at 70 °C. The conversion was determined by 1 H NMR in DMSO-d 6 . The polymer was purified by dialysis (M w cut-off = 1000 Da) against water, and dried by freeze-drying. After anion exchange of bromide to bis(trifluoromethylsulfonyl)imide, the polymers were analyzed by SEC in DMF/LiTFSI solution (10 mM).

Synthesis of poly(ADEIBr)-b-poly(AEDIBr). In a typical experiment (D 9 -E 200 -15, see Table 1), 0.14 mg of ACPA (4.8 × 10 -7 mol) and 1 mg poly(ADEIBr) 9 macroRAFT agent (2.4 × 10 -6 mol) were firstly dissolved in 1132 µL of water. Then, AEDIBr (200 mg, 4.8 × 10 -4 mol) was added into the sealed Schlenk tube. After deoxygenation by freeze-pump-thaw cycles (×5), the tube was filled with nitrogen, warmed up to room temperature and placed in an oil bath thermostated at 70 °C. The reaction medium was stirred for 3 h to ensure complete monomer conversion and quenched by immersion of the tube in liquid nitrogen. The conversion was determined by 1 H NMR in DMSO-d 6 . The dispersion was diluted with deionized water to be analyzed by DLS (at 1 mg mL -1 ) or drop cast on grids for TEM analysis.

Results and discussion

In order to design precisely defined amphiphilic all-poly(ionic liquid) block copolymers through aqueous dispersion RAFT polymerization, we first selected a couple of water-miscible imidazolium-based acrylate isomers, i.e. 1-[2-acryloyldodecyl]-3-ethylimidazolium bromide (ADEIBr) and 1-[2-acryloylethyl]-3-dodecylimidazolium bromide (AEDIBr) whose homopolymerizations in aqueous medium give rise to water-soluble and non-water-soluble polymer chains, respectively (see Fig. 1). The contrasting solution behavior of the two isomeric PILs in water probably arises from the position of the C12 segments either inserted between the main chain and the imidazolium ring (PADEIBr) or at the extremity of the pendant group (PAEDIBr) leading to disparate accessibility, mobility and propensity to self-organize in aqueous solution.

As a prerequisite to perform PISA with success, we first investigated in detail the aqueous RAFT homopolymerization of ADEIBr to identify conditions ensuring the synthesis of water-soluble macroRAFT agents with good control and high chain-end fidelity. With this aim, ADEIBr was polymerized at 70 °C in the presence of S-ethyl-S′-(α,α′-dimethyl-α″-acetic acid) trithiocarbonate (EMP), a chain transfer agent which has been previously shown to efficiently mediate the polymerization of imidazolium-based acrylates in water, 14f and 4,4′-azobis(4-cyanovaleric acid) (ACPA) as an initiator ([ADEIBr] : [EMP] : [ACPA] = 100 : 1 : 0.2, [AEDIBr] = 3.6 × 10 -3 mol L -1 , 40% wt). Aliquots were withdrawn every 15 minutes and monomer conversion was analyzed by 1 H NMR from integration of vinylic peaks (at 5.93 and 6.30 ppm) and proton peaks from alkyl chains at 1.80 ppm (see Fig. S9 †). Consistent with our previous study on aqueous RAFT polymerization of imidazolium-based acrylates, 14f high conversions (above 70%) were achieved in 60 minutes (including a period of inhibition of 5-10 minutes). Linear pseudo-first order kinetics were observed in this lapse of time (see Fig. 2A). As revealed by SEC analyses performed in DMF/bis(trifluoromethylsulfonyl)imide lithium salt after anion exchange of the bromide counterions with TFSI, the molar mass of PADEIBr chains gradually increased with conversion (Fig. 2B). The SEC peaks were narrowly distributed with no trace of peak tailing and the dispersity was maintained around 1.20 up to high conversions. A good agreement between experimental molar mass evaluated by 1 H NMR (from integration of the EMP chain end and polymer backbone protons) and theoretical values (calculated from ADEIBr conversion) was observed (at 83% of conversion, M n th = 35 kg mol -1 , M n RMN = 28 kg mol -1 ).

To assess the chain-end fidelity of the resulting PILs, we next investigated the ability to chain-extend a PIL macroRAFT agent (PADEIBr 9 , generated under the following polymerization conditions, i. Encouraged by the aptitude of RAFT-made PADEIBr to grow precisely defined block copolymers through chain extension under homogeneous conditions, we further explored the aqueous RAFT dispersion polymerization of AEDIBr in the presence of PADEIBr 9 as a macro-RAFT agent and a stabilizing block. First, to prove beyond doubt that the (expected) formation of nanoparticles was due to the synthesis/self-assembly of PIL block copolymers and not the precipitation polymerization of AEDIBr from water as described by Yuan et al. with long alkyl (C14-18) vinylimidazoliums in water, [START_REF] Yuan | Self-Assembly of Poly(ionic liquid)s: Polymerization, Mesostructure Formation and Directional Alignment in One Step[END_REF] polymerization of AEDIBr was performed in water in the presence of RAFT agent-free PADEIBr 9 (15 wt%). In contrast to macroRAFTmediated polymerizations of AEDIBr vide infra, this resulted in rapid aggregation and formation of a coagulum at the bottom of the tube.

Next, using PADEIBr 9 as a macro-RAFT agent, hydrophobic core-forming PAEDIBr degrees of polymerization ranging from 200 to 800 were targeted at final solid contents ranging between 5 and 25 wt% and [macroCTA] 0 /[ACPA] 0 = 5. The polymerization temperature was fixed to 70 °C. The initially transparent polymerization medium rapidly turned milky, consistent with the growth of a PAEDIBr block becoming insoluble in water and promoting micellization. Proton NMR analyses assessed that full conversion of AEDIBr was attained within 3 hours under such conditions of polymerization (see Table 1). The resulting latexes were stable for at least 10 days. DMF/LiTFSI SEC analyses of the resulting all-poly(ionic liquid) block copolymers (after ion exchange) revealed a progressive increase of the molar masses with the conversion and dispersities which showed values between 1.15 and 1.30 with the exception of D 9 -E 800 -5, D 9 -E 600 -15 and D 9 -E 400 -25 (SEC chromatograms given in Fig. S12 †). The evolution of the morphology of the nanoparticles is summarized in Table 1 and illustrated in Fig. 3.

Chain-extension experiments employing PADEIBr 9 as a stabilizing block and setting the all-poly(ionic liquid) block copolymer concentration at 5 wt% exclusively resulted in the generation of spherical nanoparticles (see Fig. S13 †) irrespective of the PAEDIBr block DP (which ranged from 200 to 800). To gain further insight into the influence of the solid content on the morphology adopted by the block copolymers, the solid content was further increased to 15 and 25 wt%. Again, the chain extension of PADEIBr 9 targeting PAEDIBr blocks with degrees of polymerization up to 400 gave rise to spherical nanoparticles with dimensions gradually increasing with the DP. However, in contrast to PISA experiments performed at 5 wt%, growth of hydrophobic PAEDIBr blocks with higher DPs afforded the generation of all poly(ionic liquid) block copolymer nanoparticles with different morphologies. Targeting PAEDIBr DPs of 600 or 800 gave rise to peculiar 100-200 nm long rod-like PIL nanoparticles and vesicular self-assemblies (see TEM pictures of the nanoparticles at 15 wt% and 25 wt% solid contents in Fig. 3 and4, respectively, and DLS of spherical nanoparticles and vesicles in Fig. S14 †). Interestingly, TEM analyses of D 9 -E 800 -25 dispersions revealed the formation of vesicles with non-spherical shapes (see Fig. 4B). These observations are consistent with the study of Yuan and co-workers on the generation of anisotropic nanoparticles by precipitation polymerization of C14-18 alkyl vinylimidazolium bromide [START_REF] Yuan | Self-Assembly of Poly(ionic liquid)s: Polymerization, Mesostructure Formation and Directional Alignment in One Step[END_REF] and the work of Zhu's research group on the preparation of rigid straight rods by PISA involving C12-vinylimidazolium bromide. 14h Accordingly, we made the assumption that the generation of these non-spherical vesicles (D 9 -E 800 -25) and stiff rod-like nanoparticles (D 9 -E 600 -15 and D 9 -E 600 -25) stems from the self-organization of the C12 alkyl pendant groups in the course of the PISA process. To shed light on the internal organization of PEADIBr-b-PAEDIBr NPs, the resulting dispersions were further analyzed by small-angle X-ray scattering (SAXS, see Fig. 4D) at a concentration of 5 g L -1 . At low q values (q < 2 10 -2 Å -1 ), the intensity scattered by D9-E200-25 and D9-E800-25 varies as follows: I(q) ∝ q -4 , which is consistent with either spherical or vesicular objects. The intensity scattered by D10-E600-25 does not follow the same trend and seems closer to I(q) ∝ q -1 , which confirms the formation of a majority of rod-like objects. For 10 -1 Å -1 < q < 2.5 10 -1 Å -1 , a strong oscillation accompanied by a sharp peak at its maximum are observed. This sharp peak at a q value of ∼1.8 × 10 -1 Å -1 is consistent with the ordering of the alkyl pendant groups within the NPs. [START_REF] Summers | Polymerization of Cationic Surfactant Phases[END_REF] The intensity of this peak increases with increasing contents of PAEDIBr and the d-spacing (∼34.4 Å) roughly corresponds to a bilayer of the AEDIBr motif. It has to be noted that the formation of exotic morphologies solely occurs when the intensity of the sharp peak at q ∼ 1.8 × 10 -1 Å -1 is rather high, which suggests that the auto-assembly of the AEDIBr units drives the formation of rods and/or vesicles. Finally, the region between 5 × 10 -2 Å -1 < q < 2.5 × 10 -1 Å -1 , the plateau followed by an oscillation, can be explained by the presence of bilayered structures (core-shell micelles or rods, or vesicles) as already described by Manet et al., [START_REF] Manet | Structure of Micelles of a Nonionic Block Copolymer Determined by SANS and SAXS[END_REF] Yuan et al. [START_REF] Yuan | Self-Assembly of Poly(ionic liquid)s: Polymerization, Mesostructure Formation and Directional Alignment in One Step[END_REF] and Rymaruk et al. [START_REF] Rymaruk | RAFT Dispersion Polymerization of Benzyl Methacrylate in Silicone Oil Using a Silicone-Based Methacrylic Stabilizer Provides Convenient Access to Spheres, Worms, and Vesicles[END_REF] 

Conclusions

In summary, we selected here a pair of ionic liquid isomeric imidazolium-based acrylates, AEDIBr and ADEIBr, giving rise to macromolecular blocks with antagonist solution behavior in water, i.e. PADEIBr is a water-soluble homopolymer contrary to PAEDIBr. Exploiting this rather unique combination of isomeric building blocks, we showed that aqueous dispersion polymerization of AEDIBr mediated by a short PADEIBr block as a macroCTA affords the preparation of precisely defined all- 
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Fig. 1

 1 Fig. 1 Route to PIL block copolymer nanoparticles by PISA. (A) Synthesis of isomeric PIL homopolymers with antagonist solution behavior in water ( polymer solution at 40% wt). (B) Generation of all-PIL nanoparticles by RAFT dispersion polymerization of AEDIBr.

Fig. 2

 2 Fig. 2 (A) Monomer conversion vs. time curve (black circles) obtained for the aqueous RAFT polymerization of ADEIBr 40% w/w at 70 °C using EMP as a CTA and ACPA as an initiator ([ADEIBr] : [EMP] : [ACPA] = 100 : 1 : 0.2) and corresponding semilogarithmic plots (red squares). (B) SEC trace evolution for the aqueous RAFT polymerization of ADEIBr (analyses in DMF/LiTFSI as the eluent after ionic exchange of bromide anions by TFSI). (C) Monomer conversion vs. time curve (black circles) obtained for the chain extension of PADEIBr9 with NIPAAm 15% w/w in DMSO at 70 °C ([NIPAAm] : [MacroCTA] : [ACPA] = 400 : 1 : 0.2) and corresponding semilogarithmic plots (red squares). (D) SEC trace evolution for the chain extension of PADEIBr9 with NIPAAm (analyses in DMF/LiTFSI as the eluent after ionic exchange of bromide anions by TFSI).

  e. [ADEIBr] : [EMP] : [ACPA] = 20 : 1 : 0.2, [ADEIBr] = 0.49 mol L -1 , 15% wt, M n NMR = 3.9 kg mol -1 and M n SEC = 30.2 kg mol -1 after anion exchange, Đ = 1.31) with NIPAAm in DMSO at 70 °C (15% wt NIPAAm, ([NIPAAm] : [MacroCTA] : [ACPA] = 400 : 1 : 0.2, see Fig. 2C and S10 †). After 2 h of polymerization at 70 °C, the SEC trace (Fig. 2D) clearly shifted towards high molecular weight (PADEIBr 9 -b-PNIPAAm 180 , M n NMR = 25 kg mol -1 , M n SEC = 62.5 kg mol -1 , Đ = 1.45) and the peak corresponding to the PADEIBr precursor was no longer observed confirming that the macroRAFT agent efficiently participates in the chain-extension process. As a control experiment, AEDIBr was also successfully homopolymerized at 70 °C in DMF (instead of water) in the presence of EMP ([AEDIBr]/[EMP]/[ACPA] = 100/1/0.2 (conversion >80% in 2 h see ESI Fig. S11 †)).

Fig. 3

 3 Fig.3TEM pictures of all-PIL block copolymer nanoparticles obtained by chain extension of PADEIBr10 with AEDIBr at 15 wt% solid content (targeted DPs = 200, 400, 600 and 800).

Fig. 4

 4 Fig. 4 TEM images of all-PIL block copolymer spherical nanoparticles (A, D9-E200-25), rod-like nanoparticles (B, D9-E600-25) and non-spherical vesicles (C, D9-800-25) obtained by chain extension of PADEIBr9 with AEDIBr at 25 wt% solid content (DP = 800). (D) SAXS patterns of the corresponding aqueous dispersions of PIL NPs at a concentration of 5 g L -1 ; the curves have been vertically shifted for clarity.
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Table 1

 1 Features of PADEIBr 9 -b-PAEDIBr x block copolymers prepared by RAFT polymerization-induced self-assembly

	Entry a	Conv b (%)	DP PAEDIBr c	d (kg mol -1 ) M n SEC	Đ d	Morphology e
	D 9 -E 200 -5	99	198	48	1.16	S
	D 9 -E 400 -5	99	396	49	1.15	S
	D 9 -E 600 -5	98	588	51	1.18	S
	D 9 -E 800 -5	95	760	94	1.52	S
	D 9 -E 200 -15	97	194	49	1.23	S
	D 9 -E 400 -15 D 9 -E 600 -15	98 98	396 588	53 70	1.21 1.56	S R f
	D 9 -E 800 -15	99	792	133	1.19	V
	D 9 -E 200 -25	97	194	61	1.20	S
	D 9 -E 400 -25 D 9 -E 600 -25	99 98	398 588	69 96	1.62 1.30	S R f
	D 9 -E 800 -25	99	792	157	1.09	V
	a The notation D 9 E 200 -5 refers to a PADEIBr 9 -mediated polymerization
	of AEDIBr targeting a degree of polymerization equal to 200 and a
	solid content of 5 wt%, respectively. All the polymerizations were per-
	formed in water for 3 h at 70 °C using PADEIBr 9 as the macroCTA
	(1 mg; 2.4 × 10				

-6 mol L -1 ) and ACPA initiator

([macroCTA] 

0 /[ACPA] 0 = 5). b Determined by 1 H NMR. c Estimated from monomer conversion. d Determined by SEC (in DMF/LiTFSI after ionic exchange, PS standards). e Morphologies observed by TEM; S, R and V refer to spherical nanoparticles, rods and vesicles, respectively. f A minor population of spherical nanoparticles was also detected by TEM in these formulations.
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