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In situ monitoring of block copolymer self-assembly through controlled dialysis with light and neutron scattering detection
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Amphiphilic block copolymers (BCs) in solution can generate a variety of self-assembled structures depending on their block length and chemical composition. [START_REF] Hamley | Block Copolymers in Solution: Fundamentals and Applications: Hamley/Block Copolymers in Solution: Fundamentals and Applications[END_REF][START_REF] Mai | Self-Assembly of Block Copolymers[END_REF][START_REF] Karayianni | Block Copolymer Solution Self-Assembly: Recent Advances, Emerging Trends, and Applications[END_REF][START_REF] Blanazs | Self-Assembled Block Copolymer Aggregates: From Micelles to Vesicles and Their Biological Applications[END_REF] Compared to surfactants which self-assemble into micellar structures at equilibrium, BC assemblies are often trapped in longlived metastable states due to slow polymer chain dynamics associated with large molecular weight, hydrophobicity or glassy state of polymers. [START_REF] Tian | Hybridization of Block Copolymer Micelles[END_REF][START_REF] Choi | Mechanism of Molecular Exchange in Diblock Copolymer Micelles: Hypersensitivity to Core Chain Length[END_REF][START_REF] Hayward | Tailored Assemblies of Block Copolymers in Solution: It Is All about the Process[END_REF][START_REF] Nicolai | Dynamic Polymeric Micelles versus Frozen Nanoparticles Formed by Block Copolymers[END_REF][START_REF] Jain | Consequences of Nonergodicity in Aqueous Binary PEO-PB Micellar Dispersions[END_REF][START_REF] Discher | Polymer Vesicles[END_REF][START_REF] Denkova | Non-Equilibrium Dynamics of Block Copolymer Micelles in Solution: Recent Insights and Open Questions[END_REF][START_REF] Nagarajan | Non-Equilibrium" Block Copolymer Micelles with Glassy Cores: A Predictive Approach Based on Theory of Equilibrium Micelles[END_REF][START_REF] Lodge | Dynamics and Equilibration Mechanisms in Block Copolymer Particles[END_REF] BC self-assembly can be facilitated by dissolving the block copolymer in a good solvent for both blocks before adding a selective solvent, most often water, which is good for one block and poor for the other. The resulting morphologies are related to the water content in solvent mixtures and polymer concentration, which can be depicted by composition-morphology maps obtained through turbidity or electron microscopy observations [START_REF] Shen | Morphological Phase Diagram for a Ternary System of Block Copolymer PS310-b-PAA52/Dioxane/H2O[END_REF][START_REF] Battaglia | Effect of Amphiphile Size on the Transformation from a Lyotropic Gel to a Vesicular Dispersion[END_REF] and by computer simulation, [START_REF] Campos-Villalobos | Solvent-Induced Morphological Transitions in Methacrylate-Based Block-Copolymer Aggregates[END_REF][START_REF] Wang | Morphological Transformations of Diblock Copolymers in Binary Solvents: A Simulation Study[END_REF][START_REF] Zhu | Simulations of Morphology Control of Self-Assembled Amphiphilic Surfactants[END_REF] in particular coarse-grained methods. A recurring issue with the solvent exchange method is the equilibrium state of BC aggregates, which depends not only on the final water content but also on the magnitude and rate of the water jump. [START_REF] Shen | Morphological Phase Diagram for a Ternary System of Block Copolymer PS310-b-PAA52/Dioxane/H2O[END_REF][START_REF] Choucair | Kinetics of Fusion of Polystyrene-b-Poly(Acrylic Acid) Vesicles in Solution[END_REF][START_REF] Han | Effect of Selective Solvent Addition Rate on the Pathways for Spontaneous Vesicle Formation of ABA Amphiphilic Triblock Copolymers[END_REF][START_REF] Bovone | Solvent Controls Nanoparticle Size during Nanoprecipitation by Limiting Block Copolymer Assembly[END_REF] In order to promote the formation of near-equilibrium morphologies, as expected to build phase diagrams, water should be added slowly and gradually, by analogy with the conditions used for thermal annealing in bulk and thin film studies. [START_REF] Bates | Block Copolymer Thermodynamics: Theory and Experiment[END_REF] A fast and large water jump can lead to kinetically arrested morphologies, which is the basis of the flash nanoprecipitation technique. [START_REF] Johnson | Mechanism for Rapid Self-Assembly of Block Copolymer Nanoparticles[END_REF][START_REF] Saad | Principles of Nanoparticle Formation by Flash Nanoprecipitation[END_REF] In order to achieve slow and homogeneous mixing conditions, the mixing process should preferably rely on low Peclet Number solvent inter-diffusion rather than turbulent convection. [START_REF] Fürst | Self-Assembly of Block Copolymers via Micellar Intermediate States into Vesicles on Time Scales from Milliseconds to Days[END_REF] Microfluidic technology based on the principle of flow focusing, [START_REF] Xu | Controllable Microfluidic Production of Drug-Loaded PLGA Nanoparticles Using Partially Water-Miscible Mixed Solvent Microdroplets as a Precursor[END_REF] multilamination [START_REF] Thiermann | Size Controlled Polymersomes by Continuous Self-Assembly in Micromixers[END_REF][START_REF] Chen | Assembly of Fluorescent Polymer Nanoparticles Using Different Microfluidic Mixers[END_REF] or chaotic laminar mixing [START_REF] Chen | Assembly of Fluorescent Polymer Nanoparticles Using Different Microfluidic Mixers[END_REF][START_REF] Bresseleers | Tuning Size and Morphology of MPEG-b-p(HPMA-Bz) Copolymer Self-Assemblies Using Microfluidics[END_REF] allows for such mixing conditions, but is inherently limited to short selfassembly time scales (< 1-10 s), which is insufficient for some BC systems to reach their final equilibrium morphology. For example, depending on the water content in the medium, the equilibration of BC vesicles may take several minutes and even hours due to slow reorganization processes. [START_REF] Shen | Morphological Phase Diagram for a Ternary System of Block Copolymer PS310-b-PAA52/Dioxane/H2O[END_REF][START_REF] Choucair | Kinetics of Fusion of Polystyrene-b-Poly(Acrylic Acid) Vesicles in Solution[END_REF][START_REF] Fürst | Self-Assembly of Block Copolymers via Micellar Intermediate States into Vesicles on Time Scales from Milliseconds to Days[END_REF][START_REF] Wu | A Facile Method for Preparation of Uniform Polymeric Vesicles with Tunable Size[END_REF] Compared to microfluidic techniques, dialysis, which also relies on the principle of solvent interdiffusion, remains the simplest approach to achieve near-equilibrium BC self-assembly without time-scale restrictions. 31- 33 However, morphology changes of BC structures can be hardly monitored in real time using dialysis bags or tubings unless sample aliquots are collected for further analysis. Yet, this approach suffers from several limitations: i) the polymer concentration cannot be kept constant during regular dialysis, ii) morphology changes occurring over narrow ranges of solvent composition can be overlooked, iii) sampling disrupts dialysis equilibrium, iv) physical aging of collected samples before any analysis is inevitable.

In this study, we performed for the first time kinetic monitoring of BC self-assembly during slow solvent exchange using a dedicated dialysis cell designed for in situ time-resolved light and small-angle neutron scattering experiments (Figure 1A). The main objective of this letter is to highlight the capability and relevance of the dialysis-scattering coupling approach to reveal the intrinsic properties of BC self-assembly under near-equilibrium conditions. Only under these circumstances, good understanding of the physical phenomena can be captured. The upturn at very low-q of the scattered intensity that is visible for solvent dialysis alone was systematically subtracted from the SANS curves of polymer solution dialysis (Figure S3).

Our approach is therefore complementary to fast flow mixing with SAXS or SANS detection, [START_REF] Grillo | Applications of Stopped-Flow in SAXS and SANS[END_REF][START_REF] Lopez | Microfluidic Devices for Small-Angle Neutron ScatteringThis Article Will Form Part of a Virtual Special Issue on Advanced Neutron Scattering Instrumentation, Marking the 50th Anniversary of the Journal[END_REF] previously used to study non-equilibrium properties of BC self-assembly. [START_REF] Lund | Structural Observation and Kinetic Pathway in the Formation of Polymeric Micelles[END_REF][START_REF] Lund | Kinetics of Block Copolymer Micelles Studied by Small-Angle Scattering Methods[END_REF][START_REF] Kalkowski | In Situ Measurements of Polymer Micellization Kinetics with Millisecond Temporal Resolution[END_REF] Polydimethylsiloxane-block-polyethylene glycol (PDMSb-PEG) diblock copolymers forming vesicles upon THF exchange with water were used as model BCs. The selfassembly properties of PDMS-b-PEG BCs either alone or with lipids has been reported in previous works. [START_REF] Dao | Mixing Block Copolymers with Phospholipids at the Nanoscale: From Hybrid Polymer/Lipid Wormlike Micelles to Vesicles Presenting Lipid Nanodomains[END_REF][START_REF] Fauquignon | Membrane Reinforcement in Giant Hybrid Polymer Lipid Vesicles Achieved by Controlling the Polymer Architecture[END_REF] The critical aggregation concentration was found to be on the order of 0.01 g/L with the BC compositions used in the present work. [START_REF] Fauquignon | Development of Polymer/Lipid Hybrid Vesicles as Cell Membrane Models and Micro/Nano-Reactors[END_REF] Both the high conformational flexibility (persistence length = 5.5 Å) [START_REF] Smith | A Quantum Chemistry Based Force Field for Poly(Dimethylsiloxane)[END_REF] and the rubbery state of PDMS blocks (T g = -123°C) [START_REF] Dvornic | Silicon Containing Polymers[END_REF] should favor vesicle formation under near-equilibrium conditions.

The BC solution in THF at a concentration of 0.5% (w/v) was introduced into the scattering discoid cell, which was separated from two water-containing reservoirs by cellulose membranes (Figure 1A and Picture S1). Deuterated solvents were used for SANS experiments. The scattering cell and reservoirs were continuously stirred at low speed (50 rpm) to allow homogeneous solvent inter-diffusion. Importantly, the cell design allowed the BC concentration to be kept constant over the entire dialysis time. 1 mM NaCl was added in the reservoirs to monitor the progress of dialysis from the ionic conductivity (Figures S1A-S1B) while providing isotonicity of the system (see Supporting Information). By varying the membrane porosity, the almost complete solvent exchange can be achieved in less than 10 hours (100 kDa membrane) or up to over 20 hours (10 kDa membrane) (Figure S1C). The data presented in this letter were obtained with PDMS27-b-PEG17 (hydrophilic mass fraction, f = 26%) using a 10 kDa membrane for which the THF/water exchange rate is low (< 0.1 vol. % min -1 ) (Figure S1D). Does this exchange rate match the structural change kinetic of the BC? In principle yes if we refer to previous works with polystyrene-bpolyacrylic acid BCs of large MW, for which typical relaxation times below ~ 5 min were mainly found for 1 vol.% water jumps performed at different polymer concentrations and initial ) and middle q (0.052-0.057 Å -1 ), light scattering intensity (q = 0.0027 Å -1 ) and interfacial tension between PDMS and the solvent mixture (see also Figure S14) as function of water volume fraction. Three areas of interest are identified (see text). (B) Main results derived from SANS curves fitting plotted as function of the water volume fraction: i) volume fractions of the aggregate morphologies, ii) characteristic sizes of BC aggregates (for f w > 60%, light orange and light blue symbols correspond to the cylinder radius kept constant and the membrane thickness imposed as twice the radius of the rod-like micelles, in accordance with the cryo-TEM images), iii) solvation rate (𝛹𝛹)of PDMS blocks in BC assemblies, expressed as the volume fraction of THF-d 8 remaining in the core of aggregates (see Eq.18 in the supporting information). The arrows highlight small discontinuities corresponding to morphological transitions. C) Cryo-TEM analysis of the dialyzed BC solution at defined water volume fractions (see also Figures S8-S13).

water contents in the critical regions of the phase diagram where morphological transition occurs. [START_REF] Chen | Kinetics and Mechanism of the Rod-to-Vesicle Transition of Block Copolymer Aggregates in Dilute Solution[END_REF][START_REF] Burke | Kinetics and Mechanisms of the Sphere-to-Rod and Rod-to-Sphere Transitions in the Ternary System PS310-b-PAA52/Dioxane/Water[END_REF] Data collected with another copolymer composition and membrane porosity are provided in the supplementary material and will be discussed further.

A nanoparticle size analyzer combining time-resolved DLS (Tr-DLS) and in situ remote optical probe (VASCO KIN TM , Cordouan Technologies) [START_REF] Riedl | Design of Concentrated Colloidal Dispersions of Iron Oxide Nanoparticles in Ionic Liquids: Structure and Thermal Stability from 25 to 200 °C[END_REF] was used for kinetic monitoring of the dialysis (Figure 1B). By providing valuable information about the hydrodynamic size and sizedispersity of BC aggregates, Tr-DLS gives a first insight into the pathway of vesicle formation (Figure 1C and Figure S2). For low water volume fractions (f w < 25%), DLS measurements were poorly resolved due to almost complete contrast matching of the PDMS block in THF (n PDMS = 1.407, n THF = 1.405). The first detectable structures were ~10 nm-diameter aggregates, most likely micellar aggregates, which developed in solution for 25% < f w < 50%. A second population of 100 nm-diameter aggregates appeared abruptly at f w = 55%. Thereafter, micelles grew and tended to fuse with the larger aggregates before the end of dialysis, which was stopped after 22 hours, corresponding to f w = 80%.

Solvent exchange was monitored under similar conditions by time-resolved small angle neutron scattering (Tr-SANS) to determine the aggregate morphology (Figure 1B). Tr-SANS measurements were performed on the D22 beamline at Institut Laue-Langevin (ILL, Grenoble). [START_REF] Chapel | Self-Assembly of Amphiphilic Block Copolymers under Close-to-Equilibrium Conditions through Controlled Water Dialysis[END_REF][START_REF] Chapel | Situ Dialysis Testing[END_REF][START_REF] Sandre | Stepwise Encapsulation of Magnetic Nanoparticles into Amphiphilic Block Copolymer Vesicles through Controlled Water Dialysis[END_REF] SANS calibration of the dialysis setup was carried out by means of H 2 O/D 2 O exchange, to check that the exchange was indeed total (unpublished results). SANS curves were acquired in 5-minute increments during dialysis (see Supporting Information), i.e. the water fraction increased by a maximum of 0.5 vol.% during one acquisition (Figure S1.D). SANS curves obtained during dialysis are reproduced in Figure 1C where the color shift highlights the structural changes in BC self-assembly when the water content increases (individual intensity curves are reported in Figure S6). At the very low q-end, the upturn of the scattered intensity for fw < 20% stems in part from long-range fluctuations in the solvent composition, as verified by dialyzing THF-d 8 without copolymer against D 2 O (Figure S3) and more importantly from the presence of some supramolecular assemblies with sizes exceeding 200 nm according to cryo-TEM analysis (Figure S8). The aggregates exhibit a cluster-like structure composed of weakly interacting BC micelles coexisting with free BC micelles, as previously reported for similar BC systems close to the critical micellar concentration. [START_REF] Lombardo | Evidence of Pre-Micellar Aggregates in Aqueous Solution of Amphiphilic PDMS-PEO Block Copolymer[END_REF] Their formation at low water contents can be attributed to the low interfacial energy of the core-forming PDMS and the limited repulsive hydration forces between PEG blocks. The fact that they could not be seen by DLS was due to the almost iso-refractive conditions at the beginning of the dialysis. For f w > 20%, these supramicellar assemblies were not detected on SANS curves at low q (Figure S6), indicating their metastable state. The variation in scattering intensity at low q and middle q, after subtraction of the pure solvent contribution and ignoring the small-q upturn, provides a qualitative yet informative insight into BC self-assembly. Notably, discontinuities were found in the low-q SANS intensity profile and to a lesser extent in the LS intensity variation for water fractions of 10%, 50% and 65% suggesting solvent-induced morphological transitions depicted by the three regions in Figure 2A. The intensity in the mid-q region increased sharply for 10 % < fw < 50%, which was attributed to BC self-assembly triggered by the PDMS desolvation (Figure 2B). Then, the decrease in intensity observed for f w > 50% might reflect a change in interface structure.

SANS curves were fitted using a combination of a small number of form factors (sphere, cylinder, vesicle) to introduce as few fitting parameters as possible (see supporting information). Only for f w < 10% the curves could not be adequately fitted due to the too low scattered intensity (Figure 2A). However, small spherical micelles (R= 5 nm) could be well detected by cryo-TEM at low water contents (f w = 8%), as shown in Figure 2C. Then, short cylindrical micelles of almost constant size (R = 3-5 nm, L = 15 nm) were fitted in a wide range of water fractions, i.e. between 10% and 50%, where PDMS blocks are gradually de-solvated (Figure 2B). Cylinders appear to be rather polydisperse, both in size and shape, as seen by cryo-TEM (Figure 2c). For fw > 50% the system enters a critical zone characterized by a steep elongation of small cylinders into rod-like micelles, the length of which could be accurately determined by SANS up to 150 nm, as imposed by the configuration used in SANS (Figure 2B and Figure S5). However, cryo-TEM shows that rods reached much greater lengths, in the micron range for fw > 65%. At the same time, the first vesicles developed in solution, the proportion of which gradually increased with f w at the expense of the rods. When the dialysis was stopped after 22 hours (f w = 78%), the BC solution contained 60% vesicles and 40% rod-like micelles. The THF content in the vesicle membrane was presumably equal to that of the medium, i.e, 20 vol.% (Figure 2B). The solution was then stored for 40 days at room temperature. The initially bimodal size distribution (DLS) gradually turned into a monomodal distribution (Figure S7A). Only vesicles of smaller radius (R = 19 nm) could be detected by SANS (Figure S7B) and cryo-TEM (Figure 2C andS13). The membrane thickness of the equilibrated vesicles (δ = 7 nm) was slightly smaller than that imposed for the fitting of the rod-vesicle mixtures during dialysis (Figure 2B).

The overall self-assembly mechanism of PDMS27-b-PEG17 with increasing water content is in agreement with the typical spherical micelles  rod-like micelles  vesicles transition pathway reported for several BC systems. [START_REF] Shen | Morphological Phase Diagram for a Ternary System of Block Copolymer PS310-b-PAA52/Dioxane/H2O[END_REF][START_REF] Han | Effect of Selective Solvent Addition Rate on the Pathways for Spontaneous Vesicle Formation of ABA Amphiphilic Triblock Copolymers[END_REF][START_REF] Fürst | Self-Assembly of Block Copolymers via Micellar Intermediate States into Vesicles on Time Scales from Milliseconds to Days[END_REF] It is consistent with an increase of the interfacial tension of the core-forming PDMS as the solvent polarity increases. Micellar aggregates of spherical shape first form (f w < 10%) to minimize the total interfacial area, which in turn accounts for the core chain stretching in the radial directions due to packing constraints (localization of junctions at the interface, uniform density of PDMS segments in the core). [START_REF] Zhulina | Conformations of Block-Copolymer Molecules in Selective Solvents (Micellar Structures[END_REF][START_REF] Halperin | Tethered Chains in Polymer Microstructures[END_REF][START_REF] Zhang | Multiple Morphologies and Characteristics of "Crew-Cut" Micelle-like Aggregates of Polystyrene-b-Poly(Acrylic Acid) Diblock Copolymers in Aqueous Solutions[END_REF][START_REF] Borisov | Self-Assembled Structures of Amphiphilic Ionic Block Copolymers: Theory, Self-Consistent Field Modeling and Experiment[END_REF] In the process of core enlargement by attraction of copolymers from the solution, when the entropy penalty associated with the stretching is too high, aggregates must adopt another geometry to relax the stretching and thus minimize the total free energy. [START_REF] Shen | Morphological Phase Diagram for a Ternary System of Block Copolymer PS310-b-PAA52/Dioxane/H2O[END_REF][START_REF] Zhang | Multiple Morphologies and Characteristics of "Crew-Cut" Micelle-like Aggregates of Polystyrene-b-Poly(Acrylic Acid) Diblock Copolymers in Aqueous Solutions[END_REF] As a result, aggregates of reduced curvature (hence, higher packing density) are successively formed with increasing water content : rod-like micelles for f w > 10% and vesicles for f w > 65%. Inverted BC structures previously reported [START_REF] Gröschel | Block Copolymer Micelles with Inverted Morphologies[END_REF][START_REF] Shen | Block Length Dependence of Morphological Phase Diagrams of the Ternary System of PS-b-PAA/Dioxane/H2O[END_REF] cannot form further beyond the vesicular structure due to the reduced mobility of BC chains at very high water contents. [START_REF] Shen | Morphological Phase Diagram for a Ternary System of Block Copolymer PS310-b-PAA52/Dioxane/H2O[END_REF] The continuous monitoring of solvent exchange using LS/SANS detection and supported by cryo-TEM imaging revealed some important aspects: i) The critical water fraction at which micellization takes places (f w < 10%) is in the same range as that obtained for PS-b-PAA copolymers containing large PS blocks. [START_REF] Shen | Morphological Phase Diagram for a Ternary System of Block Copolymer PS310-b-PAA52/Dioxane/H2O[END_REF] However, no jump in scattering intensity could be associated to the micellization due to the too low micelle size and isorefractive conditions in the case of LS detection. ii) The variation of SANS intensity at low q allows the identification of breaks at f w = 50% and f w = 65% (Figure 2A) associated to the formation of rod-like micelles and vesicles, respectively. It coincides with small discontinuities found in the variation of the PDMS solvation rate (arrows in Figure 2B). This can be further appreciated from the variation of the interfacial tension of PDMS with THF:water mixtures that shows a marked increase above fw = 50%, indicating that the rod-to-vesicle transition is indeed driven by an increase in the interfacial energy between the hydrophobic core of self-assemblies and the solvent (Figure 2B and Figure S4D). iii) The possible mechanism by which this transition occurs is shown in Figure 3 where cryo-TEM images obtained at f w = 80% depict the flattening of the rod ends into lamella, followed by the gradual bending of lamella into vesicles, as previously reported theoretically and experimentally. [START_REF] Han | Effect of Selective Solvent Addition Rate on the Pathways for Spontaneous Vesicle Formation of ABA Amphiphilic Triblock Copolymers[END_REF][START_REF] Chen | Kinetics and Mechanism of the Rod-to-Vesicle Transition of Block Copolymer Aggregates in Dilute Solution[END_REF][START_REF] Yamamoto | Dissipative Particle Dynamics Study of Spontaneous Vesicle Formation of Amphiphilic Molecules[END_REF][START_REF] Antonietti | Vesicles and Liposomes: A Self-Assembly Principle Beyond Lipids[END_REF][START_REF] Uneyama | Density Functional Simulation of Spontaneous Formation of Vesicle in Block Copolymer Solutions[END_REF][START_REF] Blanazs | Mechanistic Insights for Block Copolymer Morphologies: How Do Worms Form Vesicles?[END_REF] iv) PDMS-b-PEG copolymers containing small and soft hydrophobic blocks could not fully equilibrate even after 22 hours of dialysis. The achievement of a unique vesicular morphology, as expected from the BC composition, 10 required more than one month due to slow chain dynamics and strong repulsive interaction among BC aggregates. [START_REF] Zhang | Thermodynamic vs Kinetic Aspects in the Formation and Morphological Transitions of Crew-Cut Aggregates Produced by Self-Assembly of Polystyrene-b-Poly(Acrylic Acid) Block Copolymers in Dilute Solution[END_REF] This excludes that in many situations BC self-assembly can truly reach the final equilibrium state at high water contents, especially for BCs containing large, rigid or crystalline hydrophobic blocks. [START_REF] Han | Effect of Selective Solvent Addition Rate on the Pathways for Spontaneous Vesicle Formation of ABA Amphiphilic Triblock Copolymers[END_REF][START_REF] Fu | Access to Different Transient Assemblies through Kinetic Control over the Self-Assembly of Amphiphilic Block Copolymers Using a Versatile Micromixer[END_REF][START_REF] Vena | Kinetic State Diagrams for a Highly Asymmetric Block Copolymer Assembled in Solution[END_REF] The shorter PDMS23-b-PEG13 copolymer (f = 26%) followed a quite similar self-assembly pathway (Figures S15, S16, S17 and Table S3) as previously described but with marked differences regarding the vesicle volume fraction and also the vesicle dispersity, as can be seen from the well-defined oscillations in the mid-q region of SANS curves (Figure S15). Finally, the influence of the dialysis kinetics was investigated with PDMS27-b-PEG17 using a 100 kDa membrane instead (Figures S18, S19, S20 and Table S4). In such conditions, 80% of THF was exchanged by water in less than 8 hours (Figure S1C). The striking point of this faster dialysis was the formation of the first vesicles at fw = 25% compared to f w = 65% with a 10 kDa membrane. The rapid increase in interfacial energy due to fast water diffusion may exert additional constraints on the copolymer packing, inducing a shift of the critical water content required for vesicle formation. [START_REF] Thiermann | Size Controlled Polymersomes by Continuous Self-Assembly in Micromixers[END_REF][START_REF] Vena | Kinetic State Diagrams for a Highly Asymmetric Block Copolymer Assembled in Solution[END_REF] The water exchange rate was 2 to 3 times higher than with the 10 kDa membrane at the beginning of the dialysis (< 1 h) where the polymer chain dynamics is high in relation with the large THF content (Figure S1D). Therefore, the formation of inhomogeneities cannot be completely excluded even if the cell and the reservoirs are continuously stirred. However, no kinetically trapped structure was observed, the equilibrium between rod and vesicle morphologies slowly evolving in favor of vesicles as the water fraction increased.

In conclusion, the new dialysis cell coupled with LS/SANS detection enables continuous monitoring of BC self-assembly in an evolving energy landscape, depending on the fraction and addition rate of selective solvent. The approach could be applied to other supramolecular systems controlled by the diffusion of selective solvents or any other molecular entities capable of triggering self-assembly including acids or bases, ions, H-bonding agents or small-molecule ligands. [START_REF] Cui | Block Copolymer Assembly via Kinetic Control[END_REF][START_REF] Mattia | Supramolecular Systems Chemistry[END_REF][START_REF] Tantakitti | Energy Landscapes and Functions of Supramolecular Systems[END_REF][START_REF] Lee | Hierarchical Self-Assembly of Poly(d -Glucose Carbonate) Amphiphilic Block Copolymers in Mixed Solvents[END_REF][START_REF] Mccourt | Electrostatic Control of Shape Selection and Nanoscale Structure in Chiral Molecular Assemblies[END_REF][START_REF] Schnitzer | How Subtle Changes Can Make a Difference: Reproducibility in Complex Supramolecular Systems[END_REF] 
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Figure 1 .

 1 Figure 1. (A) Exploded view of the dialysis setup used for continuous kinetic monitoring of BC self-assembly: ① Lateral reservoirs containing water (2 × 250 mL), ② Scattering cell containing the BC solution in THF (V = 4.5 mL), ③ Quartz windows (thickness = 1 or 2 mm), ④ Reservoir stirring, ⑤ Cell stirring, ⑥ Custom-cut ultrafiltration disc in regenerated cellulose of defined porosity (× 2). ⑦ Conductivity probe. All plastic parts are made in solvent-resistant PEEK. (B) Configuration of the remote DLS head (top) and SANS (bottom) detection. (C) Tr-DLS and Tr-SANS mapping of the dialysis of PDMS27-b-PEG17 at 5 g/L in THF against water: intensity-weighted size distribution (hydrodynamic diameters) obtained by a SBL inverse Laplace transform analysis (top) and SANS curves (bottom) as function of the water fraction.The upturn at very low-q of the scattered intensity that is visible for solvent dialysis alone was systematically subtracted from the SANS curves of polymer solution dialysis (FigureS3).

Figure 2 .

 2 Figure 2. (A)Neutron scattering intensities averaged at low q (0.0028-0.0075 Å -1 ) and middle q (0.052-0.057 Å -1 ), light scattering intensity (q = 0.0027 Å -1 ) and interfacial tension between PDMS and the solvent mixture (see also FigureS14) as function of water volume fraction. Three areas of interest are identified (see text). (B) Main results derived from SANS curves fitting plotted as function of the water volume fraction: i) volume fractions of the aggregate morphologies, ii) characteristic sizes of BC aggregates (for f w > 60%, light orange and light blue symbols correspond to the cylinder radius kept constant and the membrane thickness imposed as twice the radius of the rod-like micelles, in accordance with the cryo-TEM images), iii) solvation rate (𝛹𝛹)of PDMS blocks in BC assemblies, expressed as the volume fraction of THF-d 8 remaining in the core of aggregates (see Eq.18 in the supporting information). The arrows highlight small discontinuities corresponding to morphological transitions. C) Cryo-TEM analysis of the dialyzed BC solution at defined water volume fractions (see also FiguresS8-S13).

Figure 3 .

 3 Figure 3. Cryo-TEM images of the PDMS27-b-PEG17 copolymer solution at f w = 80% illustrating the most probable transition pathway from rod-like micelles to vesicles (scale bar = 100 nm) (top). Highlighting of the areas of interest (bottom). Three different stages can be distinctly observed from left to right: i) membrane formation at the rod end-caps, ii) membrane bending, iii) membrane closure into vesicle.
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