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This paper reports the development in aqueous solution of mixed micelles of tunable cloud point temperature through the blending in various proportions of two copolymers of different chemical nature. For that purpose, a lipid-b-poly(2-isopropyl-2-oxazoline) (lipid-b-P(iPrOx)) copolymer, self-assembling into thermosensitive micelles that phase separate above a cloud point temperature of 38 °C, was blended in various proportions with commercial C18-b-PEOx. The latter was constituted of a hydrophobic saturated C18 chain and a hydrophilic poly(ethylene oxide) (PEO) block with varying polymerization degrees (x), and doesn't have any thermosensitive properties on the studied temperature range no matter x. The different blends were thoroughly characterized by light scattering and UV-visible spectroscopy, revealing that hybridization between both copolymers always occurred, independently of the PEO block length. The resulting mixed micelles present TCP values progressively increasing with the C18-b-PEOx proportion, from 38 °C to 61 °C.

This study demonstrates the relevance of the blending approach to tune the phase separation of micellar systems by formulation rather than by more tedious synthetic efforts. Shifting the TCP through this approach extends the range of temperature where the lipid-b-P(iPrOx) can find an application.

Introduction

Since a few decades many researches were conducted on the development of polymeric micellar systems, especially those containing one (or several) stimuli-sensitive part(s) [START_REF] Tao | Stimuli-Responsive Copolymers and Their Applications[END_REF][START_REF] Razavi | Temperature-, and PH-Responsive Micellar Assemblies of Spiropyran-Initiated Amphiphilic Block Copolymers: Kinetics of Photochromism, Responsiveness, and Smart Drug Delivery[END_REF][START_REF] Chen | PH-Modulated Double LCST Behaviors with Diverse Aggregation Processes of Random-Copolymer Grafted Silica Nanoparticles in Aqueous Solution[END_REF] . Indeed, the possibility to control the physico-chemical behavior of self-organized objects in solution through external stimuli is thrilling and opens numerous perspectives in various fields of application (biomedical, sensors, catalysis…) [START_REF] Gil | Stimuli-Reponsive Polymers and Their Bioconjugates[END_REF][START_REF] García-Peñas | Lower Critical Solution Temperature in Poly(N-Isopropylacrylamide): Comparison of Detection Methods and Molar Mass Distribution Influence[END_REF] . The usual strategy to adjust the characteristics and stimuliresponsiveness of micellar systems composed of one single type of copolymer is to change the chemical structure of the copolymer. Although efficient, this approach is time-consuming as it requires the synthesis of a new polymer each time the self-assembling behavior needs to be varied to match the requirements of a given application.

An alternative strategy consists in forming co-micelles, [START_REF] Ebrahim Attia | Mixed Micelles Self-Assembled from Block Copolymers for Drug Delivery[END_REF][START_REF] Zhao | Recent Progress in Drug Delivery of Pluronic P123: Pharmaceutical Perspectives[END_REF][START_REF] Manjappa | Polymeric Mixed Micelles: Improving the Anticancer Efficacy of Single-Copolymer Micelles[END_REF] also called mixed-micelles, by physically blending in solution two amphiphilic copolymers [START_REF] Ebrahim Attia | Mixed Micelles Self-Assembled from Block Copolymers for Drug Delivery[END_REF] exhibiting different lengths, [START_REF] Renou | Ethylene Oxide ) End Capped with Alkyl Groups of Different Length[END_REF][START_REF] Renou | Structure and Rheology of Mixed Polymeric Micelles Formed by Hydrophobically End-Capped Poly(Ethylene Oxide)[END_REF] architectures, [START_REF] Kelarakis | Mixed Micelles of Block Copolymers of Ethylene Oxide and 1,2-Butylene Oxide. Solutions and Gels of Triblock BEB plus Diblock EB Copolymers Studied by Light Scattering and Rheology[END_REF][START_REF] Li | Mixed Micelles Obtained by Co-Assembling Comb-like and Grafting Copolymers as Gene Carriers for Efficient Gene Delivery and Expression in Endothelial Cells[END_REF] compositions, [START_REF] Lauber | PH-Controlled Rheological Properties of Mixed Amphiphilic Triblock Copolymers[END_REF] comonomer units, [START_REF] Chang | Construction of Mixed Micelle with Cross-Linked Core and Dual Responsive Shells[END_REF][START_REF] Huang | Self-Assembly of PH-Sensitive Mixed Micelles Based on Linear and Star Copolymers for Drug Delivery[END_REF][START_REF] Kotsuchibashi | Tunable Stimuli-Responsive Self-Assembly System That Forms and Stabilizes Nanoparticles by Simple Mixing and Heating/Cooling of Selected Block Copolymers[END_REF][START_REF] Kwak | DNA-Functionalised Blend Micelles: Mix and Fix Polymeric Hybrid Nanostructures[END_REF][START_REF] Li | Complex Micelles Formed from Two Diblock Copolymers for Applications in Controlled Drug Release[END_REF][START_REF] Ma | Surface Phase Separation and Morphology of Stimuli Responsive Complex Micelles[END_REF][START_REF] Van Butsele | Synthesis and PH-Dependent Micellization of Diblock Copolymer Mixtures[END_REF] or chemical functions. [START_REF] Ebrahim Attia | Mixed Micelles Self-Assembled from Block Copolymers for Drug Delivery[END_REF][START_REF] Yoo | Folate Receptor Targeted Biodegradable Polymeric Doxorubicin Micelles[END_REF][START_REF] Liu | Mixed Polymeric Micelles as Multifunctional Scaffold for Combined Magnetic Resonance Imaging Contrast Enhancement and Targeted Chemotherapeutic Drug Delivery[END_REF][START_REF] O'neil | Extracellular Matrix Binding Mixed Micelles for Drug Delivery Applications[END_REF] The resulting co-micelles consist of a mixed hydrophobic core (containing the hydrophobic blocks of both amphiphilic block copolymers) decorated with both types of hydrophilic blocks in the corona. We stress that this approach is different from crystallization driven self-assembly [START_REF] Wang | Length and Architecture[END_REF] for which the selfassembly is driven by crystallization of the core-forming block and where the co-micelles are formed by epitaxial growth and do not possess a mixed core.

The preparation of co-micelles by physically blending hydrophobic blocks in the same micellar core relies on formulation and strongly diminishes the synthetic efforts since the characteristics of the micelles can be tuned easily by varying the proportion of the individual components. This approach already proved successful to modulate the extent of aggregation [START_REF] Renou | Ethylene Oxide ) End Capped with Alkyl Groups of Different Length[END_REF][START_REF] Renou | Structure and Rheology of Mixed Polymeric Micelles Formed by Hydrophobically End-Capped Poly(Ethylene Oxide)[END_REF][START_REF] Tian | Hybridization of Block Copolymer Micelles[END_REF][START_REF] Koňák | Comicellization of Diblock and Triblock Copolymers in Selective Solvents[END_REF][START_REF] Gröger | Co-Micellization Investigated by Pulsed Field Gradient-NMR Spectroscopy[END_REF][START_REF] Honda | Comicellization of Binary Mixtures of Block Copolymers with Different Block Lengths in a Selective Solvent[END_REF][START_REF] Koňák | Comicellization of Chemically Identical Diblock Copolymers with Different Molecular Parameters of the Constituent Blocks in a Selective Solvent[END_REF] of the comicelles, their morphology, [START_REF] Jain | Consequences of Nonergodicity in Aqueous Binary PEO-PB Micellar Dispersions[END_REF] the rheological properties of solutions of triblock copolymer micelles, [START_REF] Kelarakis | Mixed Micelles of Block Copolymers of Ethylene Oxide and 1,2-Butylene Oxide. Solutions and Gels of Triblock BEB plus Diblock EB Copolymers Studied by Light Scattering and Rheology[END_REF][START_REF] Lauber | PH-Controlled Rheological Properties of Mixed Amphiphilic Triblock Copolymers[END_REF] prepare Janus co-micelles [START_REF] Voets | Co-Assembly towards Janus Micelles[END_REF] or to design multi-functional micelles [START_REF] Wu | PH-Sensitive Poly(Histidine)-PEG/DSPE-PEG Co-Polymer Micelles for Cytosolic Drug Delivery[END_REF][START_REF] Yin | Physicochemical Characteristics of PH-Sensitive Poly(l-Histidine)-b-Poly(Ethylene Glycol)/Poly(l-Lactide)b-Poly(Ethylene Glycol) Mixed Micelles[END_REF] for example. This strategy is actually a hot topic in the literature, especially for drug delivery applications as attested by recent reviews. [START_REF] Ebrahim Attia | Mixed Micelles Self-Assembled from Block Copolymers for Drug Delivery[END_REF][START_REF] Zhao | Recent Progress in Drug Delivery of Pluronic P123: Pharmaceutical Perspectives[END_REF][START_REF] Manjappa | Polymeric Mixed Micelles: Improving the Anticancer Efficacy of Single-Copolymer Micelles[END_REF] Nevertheless, only a few stimuli-responsive co-micelles have been prepared in aqueous medium by this blending approach. Mixing two diblock copolymers consisting of the same hydrophobic block connected respectively to a pH-or a temperature-sensitive block [START_REF] Chang | Construction of Mixed Micelle with Cross-Linked Core and Dual Responsive Shells[END_REF] afforded co-micelles with a pH-and temperature-sensitive corona, but the co-micelles remained intact no matter the conditions as the core was cross-linked. Diblock copolymers consisting of a pH-responsive hydrophilic block have also been mixed with a second diblock consisting of a poly(ethylene oxide) (POE) hydrophilic block imparting biocompatibility to the co-micelles, [START_REF] Huang | Self-Assembly of PH-Sensitive Mixed Micelles Based on Linear and Star Copolymers for Drug Delivery[END_REF][START_REF] Van Butsele | Synthesis and PH-Dependent Micellization of Diblock Copolymer Mixtures[END_REF] but again the comicelles remained assembled no matter the pH in spite of the pH-sensitivity of the corona.

Examples where the stimuli have been used to tune the stability of the co-micelles are rather scarce.

Lo et al. [START_REF] Lo | Mixed Micelle Systems Formed from Critical Micelle Concentration and Temperature-Sensitive Diblock Copolymers for Doxorubicin Delivery[END_REF] suppressed the ability of a diblock copolymer consisting of a thermo-sensitive hydrophobic block to switch from unimers to micelles depending on temperature by mixing it with a non-responsive diblock copolymer. Kotsuchibashi et al. [START_REF] Kotsuchibashi | Tunable Stimuli-Responsive Self-Assembly System That Forms and Stabilizes Nanoparticles by Simple Mixing and Heating/Cooling of Selected Block Copolymers[END_REF] combined two diblock copolymers exhibiting the same hydrophobic block and respectively a neutral temperature-sensitive block or a permanently charged hydrophilic block. The first block became hydrophobic at elevated temperatures causing aggregation of the co-micelles into clusters of micelles, the size of which could be limited through stabilization by the charged diblock copolymer. A few years ago, we reported the combination of pH-sensitive lipid-b-poly(acrylic acid) and thermo-sensitive lipid-bpoly(2-isopropyl-2-oxazoline) copolymers into mixed micelles whose phase separation requires the simultaneous application of the suitable pH and temperature conditions. [START_REF] Hespel | Synthesis of Lipidb-Poly(2-Isopropyl-2-Oxazoline) and Successive Study of PH-and Thermo-Sensitive Mixed Micelles by Combination with Lipid-b-Poly(Acrylic Acid)[END_REF] More recently, we reported that mixing two copolymers containing an identical hydrophobic block (C18 lipid chain issued from linseed oil) but different thermo-responsive hydrophilic blocks based on poly(2-alkyl-2-oxazoline) allowed tuning the cloud point temperature (TCP) of the resulting mixed system by simply adjusting the proportions of copolymers. Above TCP, the micelles aggregate into phaseseparating large clusters, causing turbidity of the aqueous medium. [START_REF] El Asmar | Tuning the Thermo-Sensitivity of Micellar Systems through a Blending Approach[END_REF] We also recently reported the efficient hybridization of lipid-b-poly(2-isopropyl-2-oxazoline) and lipid-bpoly(dimethylaminoethylmethacrylate) towards mixed micelles of tunable TCP through both the copolymers proportion and the pH. [START_REF] El Asmar | Synthesis of Dual Sensitive Lipid-b-Poly(Dimethylaminoethyl Methacrylate) Copolymers, Self-Assemblies and Modulation of Cloud Point Temperatures through Physical Blends with Lipid-b-Poly(2-Isopropyl-2-Oxazoline)[END_REF] This innovative blending approach was also used by Keogh et al. [START_REF] Keogh | The Importance of Cooperativity in Polymer Blending: Toward Controlling the Thermoresponsive Behavior of Blended Block Copolymer Micelles[END_REF] who mixed diblock copolymers with a common hydrophobic block and various hydrophilic blocks (poly(diethylene glycol monomethyl ether methacrylate) P(DEGMA), poly(Nisopropylacrylamide), poly(N,N-diethylacrylamide), and poly(oligo(ethylene glycol) monomethyl ether methacrylate)) P(OEGMA), leading to co-micelles exhibiting tunable TCP provided that copolymers of similar nature and architecture (P(DEGMA)/P(OEGMA)) were blended.

In an attempt to identify the limits of this blending approach towards co-micelles exhibiting tunable TCP, our group is progressively applying it to copolymers of different natures. It must however be stressed that the formation of co-micelles by simple blending of two amphiphilic block copolymers in aqueous medium may be prevented either for kinetic or thermodynamic reasons.

First, amphiphilic block copolymers may form out-of-equilibrium or frozen micelles for which exchange of unimers (single chains) between micelles is kinetically hampered, especially in aqueous medium [START_REF] Nicolai | Dynamic Polymeric Micelles versus Frozen Nanoparticles Formed by Block Copolymers[END_REF] . This indeed prevented the spontaneous formation of co-micelles by simple blending of the components in the solvent in many cases [START_REF] Tian | Hybridization of Block Copolymer Micelles[END_REF][START_REF] Lo | Mixed Micelle Systems Formed from Critical Micelle Concentration and Temperature-Sensitive Diblock Copolymers for Doxorubicin Delivery[END_REF][START_REF] Schuetz | Controlling the Micellar Morphology of Binary PEO-PCL Block Copolymers in Water-THF through Controlled Blending[END_REF][START_REF] Štěpánek | Hybrid Polymeric Micelles with Hydrophobic Cores and Mixed Polyelectrolyte/Nonelectrolyte Shells in Aqueous Media. 1. Preparation and Basic Characterization[END_REF][START_REF] Won | Molecular Exchange in PEO-PB Micelles in Water[END_REF][START_REF] Yoo | Mixtures of Diblock Copolymer Micelles by Different Mixing Protocols[END_REF] (individual micelles of each block copolymers were formed), or led to non-equilibrated structures. [START_REF] Honda | Comicellization of Binary Mixtures of Block Copolymers with Different Block Lengths in a Selective Solvent[END_REF][START_REF] Jain | Consequences of Nonergodicity in Aqueous Binary PEO-PB Micellar Dispersions[END_REF][START_REF] Schuetz | Controlling the Micellar Morphology of Binary PEO-PCL Block Copolymers in Water-THF through Controlled Blending[END_REF][START_REF] Yan | Mesh-like Vesicles Formed from Blends of Poly(4-Vinyl Pyridine)-b-Polystyrene-b-Poly(4-Vinyl Pyridine) Block Copolymers via Gradual Blending Method[END_REF][START_REF] Shim | Diblock Copolymers: Comicellization and Coadsorption[END_REF] Second, theoretical studies revealed that co-micellization is more difficult (although not impossible [START_REF] Koňák | Comicellization of Diblock and Triblock Copolymers in Selective Solvents[END_REF][START_REF] Koňák | Comicellization of Chemically Identical Diblock Copolymers with Different Molecular Parameters of the Constituent Blocks in a Selective Solvent[END_REF][START_REF] Shim | Diblock Copolymers: Comicellization and Coadsorption[END_REF] ) when the solvophobic blocks are chemically incompatible [START_REF] Shim | Diblock Copolymers: Comicellization and Coadsorption[END_REF][START_REF] Palyulin | Mixed versus Ordinary Micelles in the Dilute Solution of AB and BC Diblock Copolymers[END_REF] or chemically compatible but of too different lengths. [START_REF] Koňák | Comicellization of Chemically Identical Diblock Copolymers with Different Molecular Parameters of the Constituent Blocks in a Selective Solvent[END_REF][START_REF] Borovinskii | Micelle Formation in the Dilute Solution Mixtures of Block-Copolymers[END_REF][START_REF] Sens | Mixed Micelles in a Bidisperse Solution of Diblock Copolymers[END_REF][START_REF] Tian | Hybridization of Block Copolymer Micelles[END_REF] In the present study, a thermo-sensitive lipid-b-poly(2-isopropyl-2-oxazoline) [START_REF] Simon | Recent Advances and Prospects in Nano Drug Delivery Systems Using Lipopolyoxazolines[END_REF] copolymer which aggregates into clusters of micelles above a TCP about 38°C, was blended in various ratios with commercially available Brij® copolymers (C18-b-PEOx) of various lengths (x=10, 19 or 92) (Figure 1) which do not aggregate under the experimental conditions used here.

The hydrophobic block consisted of a linear chain of 18 carbons in both cases, affording both a good chemical compatibility of the core-forming blocks and a reasonably fast exchange of unimers, [START_REF] Annable | The Rheology of Solutions of Associating Polymers: Comparison of Experimental Behavior with Transient Network Theory[END_REF] which should allow the formation of co-micelles. The resulting blends were characterized by UV-visible spectrophotometry and temperature-dependent light scattering to determine the TCP of each blend, confirm the formation of co-micelles and understand the organization of the assemblies at the nanoscale and structure-properties relationships.

Experimental Section

Materials. The lipid-b-P(iPrOx) was synthesized as previously reported [START_REF] El Asmar | Tuning the Thermo-Sensitivity of Micellar Systems through a Blending Approach[END_REF] . The three C18-b-PEOx copolymers were purchased from Sigma-Aldrich and their commercial names are Brij® 700, Brij® 6 78 and Brij® 76 for x=92, 19 and 10, respectively. Methanol (> 99.8%) was purchased from Fisher Scientific. The milliQ water was obtained from a Millipak® 0.22 µm filter purchased from Merck Millipore.

Instrumentation

Preparation of micellar solutions. Direct dispersion of P(iPrOx) in water can be really slow due to its tendency to crystallize in the solid state. For this reason, lipid-b-P(iPrOx) (10 mg) was first solubilized in methanol (1 mL) and then dropped into milliQ water (10 mL). The solution was stirred overnight to evaporate the methanol. The solution was completed by milliQ water to achieve a copolymer concentration of 1 g/L. The glassware and the solution were weighted to determine an accurate concentration of the solution.

The Brij® C18-b-PEOx were directly solubilized at room temperature in milliQ water to achieve a copolymer concentration of 1 g/L. In some cases, the stock solution at 1 g/L was diluted to 0.5 g/L before measurements. For x = 19 and 92, transparent solutions were obtained and well-defined micelles were observed by light scattering. On the contrary, the C18-b-PEO10 solution was slightly turbid upon direct solubilization in milliQ water at room temperature. This solution was heated at 60 °C during 5 min to obtain a transparent solution. This transparency was preserved after cooling down the solution, but light scattering revealed the formation of very large aggregates which could not be well-defined spherical micelles (see Results).

Lipid-b-P(iPrOx) and C18-b-PEOx solutions prepared as described above were mixed together at room temperature at different weight fractions (25/75, 50/50 and 75/25) to obtain the corresponding weight fractions of polymers with a total polymer concentration of 1 g/L. All the solutions were stirred a minimum of 3 h before analysis.

For light scattering measurements, the polymer solutions were filtered through Acrodisc GHP 0.45 µm pore size filters before mixing.

Cloud point temperature measurements. Cloud point temperatures TCP were determined by measuring the absorbance at 600 nm on a Cary100 Varian spectrophotometer. The copolymers solutions in water at 1 g/L were subjected to heating from 20 °C to 85 °C in a plastic cuvette at a constant rate of 1°C/min in a temperature controlled multi-cell holder. The cloud point temperature was determined when a 10 % transmittance decrease was observed while heating.

Light scattering measurements. Light scattering was done using a commercial ALV-CGS3 apparatus (ALV-Langen). The light source was a He-Ne laser with wavelength λ = 632.8 nm. The temperature was controlled by a thermostatic bath to within ±0.2 °C. Measurements were done as a function of the scattering wave vector (q = (4πn/λ) sin(θ/2), where n = 1.333 is the refractive index of the solution and θ is the scattering angle varying from 30 to 150°) from 6.8 x 10 6 to 2.6 x 10 7 m -1 .

Dynamic Light Scattering (DLS). The Siegert equation g2(t) = 1 + βg1²(t), where β is the spatial coherence factor, was used to determine the electric field autocorrelation function, g1(t), from the measured normalized autocorrelation function of the scattered light intensity, g2(t). The relaxation time (τ) distributions, A(τ), were extracted from g1(t) using the REPES 54 routine (equation 1):

𝑔 (𝑡) = ∫ 𝐴(𝜏) exp -𝑑𝜏 (1) 
In dilute solution, interactions between the particles are negligible so that the apparent diffusion coefficient Dapp determined at concentration c can be approximated to the true diffusion coefficient of the particles, D. The z-average hydrodynamic radius, Rh, of the particles can then be calculated from D using the Stokes-Einstein equation ( 2): R =

with kB Boltzmann's constant, T the absolute temperature, and η the viscosity of the solvent.

Static Light Scattering (SLS). The Rayleigh ratio, Rθ, was calculated as (equation3):

R = ( ) ( ) ( ) R (3) 
where Isolution, Isolvent and Itoluene are the average intensities scattered respectively by the solution, the solvent, and the reference (toluene).

The Rayleigh ratio of the reference is Rtoluene = 1.35 x 10 -5 cm -1 , and the refractive indexes of the reference and the solvent (water) are respectively ntoluene = 1.496 and nsolvent = 1.333.

The apparent molar mass (Mapp) of the solute at concentration c was calculated from the Rayleigh ratio of the solution as (equation 4):

R = KcM S(q) (4) 
where S(q) is the structure factor and K a constant (equation 5):

K = (5) 
where ∂n/∂c is the specific refractive index increment of the solute and NA is Avogadro's number. A refractive index increment ∂n/∂c of 0.13 mL/g has been reported in the literature [START_REF] Tumolo | Determination of the Refractive Index Increment (Dn/Dc) of Molecule and Macromolecule Solutions by Surface Plasmon Resonance[END_REF] for the homopolymer PEO. A ∂n/∂c of 0.16 mL/g has been measured with a differential refractometer (Oprilab rEX -Wyatt Technology Corporation) at λ = 633 nm for the homopolymer P(iPrOx) with solutions at a concentration between 1 and 5 g/L. Considering the rather low weight fraction of the hydrophobic chain in the copolymers, these two values of ∂n/∂c were used for the analysis of the copolymers C18-b-PEOx and lipid-b-P(iPrOx)28.

The theoretical values of ∂n/∂c for the blends were calculated according to equation 6:

= ω ( ) ( ) + ω (6)
where ω is the weight ratio of each copolymer.

Light scattering experiments on the copolymers were performed at a total concentration of 1 g/L, at which interactions could be neglected so that Mapp could be considered equal to the true weightaverage molar mass (𝑀 ) of the scatterers.

For all aqueous solutions at room temperature except that of pure C18-b-PEO10, S(q) was close to unity over the whole q-range measured because the particles were small (radius < 20 nm). For C18-b-PEO10, the values have been extrapolated at q = 0 according to Guinier's approximation (equation 7, with Rg the radius of gyration of the particles) because of a slight angular dependence. When two modes of relaxation were observed, D=< -1 >/q² was independent of q 2 for both modes and was used to calculate Rh. It was observed that the slow mode of relaxation corresponded to Rh values at least one order of magnitude larger than those of the fast mode of relaxation. As a conclusion, even though the slow mode of relaxation contributed significantly to the DLS and SLS signals because of its large molecular weight, its weight percentage within the sample was negligible. Therefore, the particles responsible for the slow mode of relaxation were neglected and only the characteristics of the fast mode of relaxation were taken into account as detailed in SI (section 5). A similar behavior has already been observed in the literature for PEO homopolymers [START_REF] Chassenieux | Association of Hydrophobically End-Capped Poly(Ethylene Oxide)[END_REF] as well as for many other self-assembling systems [START_REF] Charbonneau | Structure of PH Sensitive Self-Assembled Amphiphilic Di-and Triblock Copolyelectrolytes: Micelles, Aggregates and Transient Networks[END_REF][START_REF] Lefay | Amphiphilic Gradient Poly(Styrene-Co-Acrylic Acid) Copolymer Prepared via Nitroxide-Mediated Solution Polymerization. Synthesis, Characterization in Aqueous Solution and Evaluation as Emulsion Polymerization Stabilizer[END_REF][START_REF] Lejeune | Trends in Colloid and Interface Science XXIV[END_REF] and the same treatment was conducted to get rid of the contribution of the large aggregates.

= × (1 + q . ) (7) 

Results and discussion

I. Characteristics of the individual polymers

The first copolymer involved in this study is a lipid-b-P(iPrOx) copolymer synthesized by cationic ring opening polymerization from a tosylated lipoinitiator according to a previously reported method [START_REF] El Asmar | Tuning the Thermo-Sensitivity of Micellar Systems through a Blending Approach[END_REF] . The hydrophobic block of this copolymer is a lipid chain issued from linseed oil and therefore consists of a statistical mixture of C18 chains containing from 0 to 3 insaturation(s) [START_REF] Hespel | Synthesis of PH-Sensitive Micelles from Linseed Oil Using Atom Transfer Radical Polymerisation (ATRP)[END_REF] (Figure 1A). As determined by 1 H NMR and SEC, [START_REF] El Asmar | Tuning the Thermo-Sensitivity of Micellar Systems through a Blending Approach[END_REF] the copolymer has an average molecular weight of 3,600 g.mol -1 corresponding to 28 repeating units and a low dispersity of 1.19. As previously reported, lipid-b-P(iPrOx) copolymers exhibit thermosensitive properties. Below the cloud point temperature of the P(iPrOx) block, their amphiphilic nature leads to the formation of micelles which then aggregate and phase separate when the hydrophilic-to-hydrophobic transition of the P(iPrOx) block occurs while heating above TCP. The considered lipid-b-P(iPrOx)28 copolymer presents a TCP of 38 °C in water at 1 g/L [START_REF] Hespel | Synthesis of Lipidb-Poly(2-Isopropyl-2-Oxazoline) and Successive Study of PH-and Thermo-Sensitive Mixed Micelles by Combination with Lipid-b-Poly(Acrylic Acid)[END_REF] .

Three commercially available C18-b-PEOx copolymers (Brij ® ) with various polymerization degrees (x = 10, 19 or 92, Figure 1B) were selected to investigate their ability to hybridize with the previously described lipid-b-P(iPrOx)28 copolymer and to study the thermosensitive properties of the final objects. Those three C18-b-PEOx copolymers do not present any thermo-sensitive transition up to 80 °C. All those copolymers are amphiphilic and self-assemble in water. The characteristics of the self-assemblies formed by each copolymer were investigated by static and dynamic light scattering measurements in water at 0.5 g/L (Table 1). copolymers also self-organize into small micelles with respective radii of 5.5 and 8.5 nm. The characteristics of the C18-b-PEO micelles are comparable to the values reported in the literature. [START_REF] Renou | Structure and Rheology of Mixed Polymeric Micelles Formed by Hydrophobically End-Capped Poly(Ethylene Oxide)[END_REF] With increasing polymerization degree of the PEO block, the aggregation number of the micelles decreases, whereas Rh increases. The former observation is logical: for a constant hydrophobic block, increasing the length of the hydrophilic one disfavors aggregation. The latter observation can be rationalized by the fact that the dimensions of the spherical micelles is dominated by the thickness of the hydrophilic corona, and therefore the DPn of the PEO blocks. The aggregation number indeed has only a comparatively weak influence on the dimensions of neutral spherical micelles which can be assimilated as star-like polymers with varying number of arms. [START_REF] Daoud | Star Shaped Polymers: A Model for the Conformation and Its Concentration Dependence[END_REF] The solubilization of the C18-b-PEOx copolymer with the shortest PEO block, C18-b-PEO10, requires to heat the solution to 60°C for 5 min to obtain a transparent and homogeneous solution.

Despite this step and the fact that the solution remained transparent at 20°C after heating for 5 min at 60°C, the high values of the hydrodynamic radius (Rh ~ 140 nm), radius of gyration (Rg ~ 210 nm) and apparent molar mass obtained for C18-b-PEO10 indicate the formation of large objects whose size isn't compatible with the formation of individual spherical micelles. Indeed, when considering the theoretical length of C18-b-PEO10 with fully extended arms, micelles with a hydrodynamic radius of 5-6 nm should be obtained. The large objects observed are probably illdefined micellar aggregates considering that their size and their proportion strongly decreases upon heating the solution to 40°C, while a small proportion of small particles contributing to a few percents of the total scattered intensity (Rh ~ 4 nm, probably micelles) appears. Their exact nature was out of the scope of the present study and was therefore not fully investigated here.

II. Physical blending of lipid-b-P(iPrOx) and C18-b-PEO19

All micellar solutions were prepared according to a post-mixing procedure [START_REF] Jain | Consequences of Nonergodicity in Aqueous Binary PEO-PB Micellar Dispersions[END_REF][START_REF] Schuetz | Controlling the Micellar Morphology of Binary PEO-PCL Block Copolymers in Water-THF through Controlled Blending[END_REF][START_REF] Štěpánek | Hybrid Polymeric Micelles with Hydrophobic Cores and Mixed Polyelectrolyte/Nonelectrolyte Shells in Aqueous Media. 1. Preparation and Basic Characterization[END_REF][START_REF] Yoo | Mixtures of Diblock Copolymer Micelles by Different Mixing Protocols[END_REF][START_REF] Yan | Mesh-like Vesicles Formed from Blends of Poly(4-Vinyl Pyridine)-b-Polystyrene-b-Poly(4-Vinyl Pyridine) Block Copolymers via Gradual Blending Method[END_REF] which consists in preparing micellar solutions of each individual polymer first, and then mixing them.

The C18-b-PEOx copolymer with the intermediate polymerization degree, C18-b-PEO19, was first selected to investigate the possibility to obtain mixed micelles with lipid-b-P(iPrOx)28 through a blending approach (Figure 2). Each individual copolymer self-organizes into well-defined micelles of comparable size and their hydrophilic blocks present close polymerization degrees. As already mentioned, the lipid-b-P(iPrOx)28 presents a TCP at 38°C, whereas C18-b-PEO19 solutions remain perfectly transparent up to 80°C at least. Firstly, it is noticeable that each blend exhibits a single transition whose temperature is increasing with the C18-b-PEO19 content. The cloud point temperature ranges from 38°C to 61 °C when the C18-b-PEO19 ratio goes from 0 to 75 wt%. We stress that this cloud point modulation is not due to the variation of concentration of the thermo-sensitive lipid-b-P(iPrOx)28 copolymer in the blends. Indeed, it was checked that TCP only varies by 1 °C between 0.25 and 1 g/L for lipid-b-P(iPrOx)28 (Figure S1).

To determine whether this behavior is due to the formation of micelles with a mixed corona or to interactions between coronae of pure micelles co-existing in the solution, a control experiment was realized. The lipid-b-P(iPrOx) copolymer was blended with a PEO homopolymer (𝑀 = 1500 g/mol) in a 50/50 weight ratio and the TCP of this final system was investigated by UV-Visible analysis (Figure S2). This control experiment hardly leads to any variation of TCP (less than 2°C) compared to pure lipid-b-P(iPrOx)28 (14°C in the same conditions). This demonstrates that simple interactions between P(iPrOx) and PEO in their respective coronae can't explain the shift in the cloud point observed when lipid-b-P(iPrOx) is mixed with C18-b-PEO19 in identical proportions.

The reversibility of the phase transition was also investigated by following the transmittance during heating and then cooling down (Figure S3). We observed that the de-aggregation of pure lipid-b-P(iPrOx) micelles starts at 40°C and is total at 30°C. When this copolymer is blended with C18-b-PEO19, the de-aggregation starts at higher temperature and spreads over a broader temperature range with increasing C18-b-PEO19 content. This observation is discussed at the end of the paper.

To further investigate the hybridization of both copolymers and the structure of the resulting objects, light scattering measurements were performed at 20 °C on the 50/50 weight ratio.

However, the characteristics of the micelles formed by the copolymers separately (respectively lipid-b-P(iPrOx)28 or C18-b-PEO19) or blended were too similar at 20°C to allow any trustworthy conclusion to be drawn (see details in section 3 of the SI).

To circumvent this limitation, the same 50/50 blend (1 g/L) was analyzed at different temperatures up to its cloud point temperature (Figure 4) and compared to a solution of neat lipidb-P(iPrOx)28 with a concentration identical to its concentration in the blend (0.5 g/L). Each measurement was done after steady state was reached (i.e. when the intensity scattered at 90° was constant), which took only a few minutes. For the lipid-b-P(iPrOx)28 alone, the cloud point transition, expected around 38 °C according to the UV-visible measurements, is clearly visible through a huge increase of the scattered intensity by three orders of magnitude (Figure 4A) and of Rh,app by more than one order of magnitude (Figure 4B) above 38°C. We note that the Mapp These results demonstrate the effective hybridization between lipid-b-P(iPrOx)28 and C18-b-PEO19 copolymers, and prove that the formation of mixed micelles is responsible for the cloud point modulation. We stress that the formation of co-micelles was achieved here by post-mixing.

The effective success of this procedure implies that the formation of co-micelles is both thermodynamically and kinetically favorable. The pre-mixing strategy, where both types of polymers are first blended in their unimer state in a non associating solvent before triggering coassembly, [START_REF] Jain | Consequences of Nonergodicity in Aqueous Binary PEO-PB Micellar Dispersions[END_REF][START_REF] Lo | Mixed Micelle Systems Formed from Critical Micelle Concentration and Temperature-Sensitive Diblock Copolymers for Doxorubicin Delivery[END_REF][START_REF] Schuetz | Controlling the Micellar Morphology of Binary PEO-PCL Block Copolymers in Water-THF through Controlled Blending[END_REF][START_REF] Yoo | Mixtures of Diblock Copolymer Micelles by Different Mixing Protocols[END_REF][START_REF] Yan | Mesh-like Vesicles Formed from Blends of Poly(4-Vinyl Pyridine)-b-Polystyrene-b-Poly(4-Vinyl Pyridine) Block Copolymers via Gradual Blending Method[END_REF][START_REF] Han | Straightforward Preparation of Supramolecular Janus Nanorods by Hydrogen Bonding of End-Functionalized Polymers[END_REF][START_REF] Choisnet | Colored Janus Nanocylinders Driven by Supramolecular Coassembly of Donor and Acceptor Building Blocks[END_REF] was therefore not required to prepare co-micelles and was not tested. (heating rate = 1 °C/min)

As previously described for the C18-b-PEO19 copolymer, a single transition is observed for every blend and the cloud point temperature is modulated from 40 °C to about 63 °C depending on the weight fraction of C18-b-PEOx and on x (Figure 3 and Figure 5). C18-b-PEO10 and C18-b-PEO92 significantly shift the TCP of the resulting system (Figure 5), as C18-b-PEO19 (Figure 3), thus suggesting the formation of mixed micelles, independently of the PEO length and ratio. The decrease of the final absorbance suggests a weaker aggregation when the amount of C18-b-PEOx is predominant. This may be explained by the presence of PEO in the corona of hybrid co-micelles stabilizing them and limiting either the size and/or the number of large aggregates of micelles. To confirm the UV/Vis results, the 50/50 blends were analyzed by light scattering at different temperatures (Figure 6). The initial properties of the C18-b-PEO92 and lipid-b-P(iPrOx)28 copolymers are quite similar. Therefore, the hybridization could not be directly demonstrated at 21 20 °C as for C18-b-PEO19/lipid-b-P(iPrOx)28 blends. However, when heated above the TCP of lipidb-P(iPrOx)28, the 50/50 blend preserves its apparent mass (Figure 6A) and its hydrodynamic radius (Figure S11), which again demonstrates an effective hybridization.

The case of C18-b-PEO10 is slightly more complex. As previously mentioned, the C18-b-PEO10 copolymer on its own doesn't self-organize into well-defined micelles at 20°C (even if the solution is pre-heated and cooled down again to 20°C) but forms large objects at room temperature which are probably ill-defined aggregates of micelles. Noticeably, when this copolymer is blended with the lipid-b-P(iPrOx)28 copolymer, two populations of scatterers are observed with Rh ~ 5 nm and 80 nm respectively. Considering the difference of dimensions between both types of particles and the fact that each significantly contribute to the scattered intensity, it could be considered that the weight concentration of the larger particles could be neglected. The characteristics of the smaller particles (see detailed treatment in SI -section 5) was compatible with the formation of small spherical micelles (Mapp ~ 10 5 g/mol, Figure 6 and Rh,app ~ 5 nm, Figure S12). This behavior indicates that the lipid-b-P(iPrOx)28 copolymer prevents the aggregation of C18-b-PEO10; which must be due to the formation of stable hybrid C18-b-PEO10/lipid-b-P(iPrOx)28 co-micelles. This result therefore directly proves the formation of mixed micelles for these two polymers at 20°C.

Moreover, despite its shorter PEO arms, the C18-b-PEO10 copolymer also grants stabilization against aggregation at 38°C to the C18-b-PEO10/lipid-b-P(iPrOx)28 blends, shifting the temperature-induced inter-micellar aggregation to higher temperature (Figure 6B). Again, this observation proves the formation of hybrid co-micelles between C18-b-PEO10 and lipid-b-P(iPrOx)28.

Independently of the PEO block length, the blending approach between lipid-b-P(iPrOx)28 and C18-b-PEOx copolymers is then an efficient method to easily tailor the TCP of the resulting comicelles.

Discussion

The results presented above prove that hybrid co-micelles of lipid-b-P(iPrOx)28 and C18-b-PEOx are formed upon mixing aqueous solutions of both copolymers and that the presence of the PEO block within the corona shifts the TCP of the co-micelles. It seems clear that the PEO blocks surrounding the PiPrOx ones protect the latter from hydrophobic contacts to a certain extent until the hydrophobicity of the PiPrOx/PEO mixed corona becomes too high causing the aggregation of all co-micelles.

Ma et al. [START_REF] Ma | Surface Phase Separation and Morphology of Stimuli Responsive Complex Micelles[END_REF] and Li et al. [START_REF] Li | Complex Micelles Formed from Two Diblock Copolymers for Applications in Controlled Drug Release[END_REF] observed the formation of core-shell-corona co-micelles for which the stimuli-responsive blocks collapse into a dense shell surrounding the hydrophobic core above their transition point, while the permanently hydrophilic blocks still form an external corona protecting the micelles from aggregation no matter the conditions. These results are clearly different from what we observe for the hybrid co-micelles formed by lipid-b-P(iPrOx)28/C18-b-PEOx mixtures: the latter are not stable over the whole temperature-range but eventually present a TCP no matter the C18-b-PEOx content and the length of the PEO arms. This implies that core-shell-corona micelles are not formed in our case.

Actually, the TCP of the co-micelles depends on the weight fraction of C18-b-PEOx in the mixture (as revealed on Figures 3 and5) independently of the length of the PEO arms x (see Figure 7A).

In other words, in first approximation, TCP is controlled by the weight fraction of EO to iPrOx comonomer units in the mixtures if we neglect the contribution of the short C18 hydrophobic tail to the weight fraction, which seems reasonable. This suggests that the PiPrOx and PEO blocks are rather homogenously mixed within the corona of the micelles below TCP so that the PEO blocks increase the temperature at which the PiPrOx/PEO mixed corona becomes sufficiently hydrophobic to render the surface of the micelles sticky, inducing their aggregation. The homogeneous distribution of both types of blocks within the corona is further supported by the fact that the transition from ~100% to ~0% transmittance above TCP is very steep upon heating for lipid-b-P(iPrOx)28/C18-b-PEO19 (Figure 3) and lipid-b-P(iPrOx)28/C18-b-PEO10 (Figure 5B) mixtures. Indeed, strong variations of compositions within the coronas of the micelles would result in sticky patches interacting at very different temperatures and therefore to a broadening of the transition observed by turbidity measurements upon heating. The transition seems slightly broader for lipid-b-P(iPrOx)28/C18-b-PEO92 mixtures (Figure 5A), suggesting some heterogeneity of compositions of the coronas (between micelles or within micelles).

On the contrary, the transition from turbid to transparent solutions is much broader upon cooling than upon heating for lipid-b-P(iPrOx)28/C18-b-PEO19, whereas it remains very steep in both directions for pure lipid-b-P(iPrOx)28 micelles (Figure S3). This broad transition is no more compatible with an homogeneous distribution of both PiPrOx and PEO chains within the corona.

This observation might be explained by a reorganization of the PiPrOx and PEO blocks after TCP:

we speculate that the PiPrOx blocks, which are hydrophobic above TCP, slowly phase separate from the PEO hydrophilic ones, leading to patches containing different amounts of PiPrOx. The higher the PiPrOx content, the stickier the patches. The heterogeneity of composition of the patches would therefore result in patches loosening on a broader temperature range, causing the observed broad turbid-to-transparent transition upon cooling. Indeed, patches containing the highest amounts of PiPrOx should become hydrophilic again at lower temperatures than those containing the lowest amounts of PiPrOx. We believe that pure PiPrOx patches are formed no matter the composition of the co-micelles and that those patches separate only at 40°C which corresponds to the limit of solubility of PiPrOx according to the heating ramp conducted on pure lipid-PiPrOx micellar solutions. The speculative behavior of the co-micelles is summarized in Figure 8.

When the TCP evolution is plotted as a function of the molar ratio between both copolymers, a dependence on the length of the PEO block is observed (Figure 7B); the longest chains providing a stronger increase of the TCP value at a given C18-b-PEOx molar ratio. Moreover, it was shown that the degree of polymerization x of the PEO block hardly affects the value of TCP at a given copolymer weight fraction. This suggests that the thermo-sensitive P(iPrOx) block does not collapse into a dense shell at TCP to form stable core-shell-corona co-micelles. On the contrary, these observations would be compatible with the formation of core-corona micelles, where the P(iPrOx) and PEO hydrophilic arms are homogeneously mixed in the corona and exhibit a behavior controlled by the average proportion of iPrOx and EO units. Thus, the key parameter in controlling TCP is the fraction of EO segments in the mixed micelles corona regardless of the molar mass of the C18-b-PEOx. Still, increasing x increases TCP for a given molar fraction of copolymers: the higher x, the better one C18-b-PEOx chain stabilizes a co-micelle.

This paper stretches the previously known limits of the blending approach to tailor the behavior 

  Above TCP, both the pure lipid-b-P(iPrOx) solution and the mixed solutions also exhibited an angular dependency of the scattered intensity. In these conditions the solutions were slightly turbid because of the aggregation of the micelles. Turbidity and potential sedimentation of the aggregated micelles rendered the Rg and Mapp values untrustworthy from a quantitative point of view.However, from a qualitative point of view, the large values obtained faithfully revealed that aggregation occurred.The preparation methods described above resulted in only one population of scatterers observed by DLS in most conditions for the aqueous solutions of lipid-b-P(iPrOx)28, C18-b-PEOx (x = 19 or 92) and their respective mixtures. In this case, treatment of the data according to equations 1-7 was straightforward. On the contrary, for C18-b-PEO10 as well as its 50/50 mixture with lipid-b-P(iPrOx)28 and for a few mixtures of lipid-b-P(iPrOx)28 and C18-b-PEO19 (50/50 at 45°C, 25/75 at 20 and 50°C), two modes of relaxation were observed from the distributions of the relaxation times in DLS.
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 1 Figure 1. Chemical structure of (A) lipid-b-P(iPrOx)28 and (B) C18-b-PEOx (Brij®) (with x = 10,

  Weight-average molar mass of one chain of copolymer determined by 1 H NMR 38 ; (b) Weight-average molar mass provided by the supplier; (c) determined by light scattering; (d) calculated as 𝑀 /𝑀 . * For C18-b-PEO10, direct dissolution of the polymer in water at room temperature afforded slightly turbid solutions. Upon heating, the solutions became transparent and remained so even after cooling back to room temperature, but SLS and DLS measurements revealed the formation of very large structures (Rg ~ 210 nm) which could not correspond to small spherical micelles (see text). The lipid-b-P(iPrOx)28 copolymer forms well-defined micelles exhibiting a hydrodynamic radius of 6 nm consisting of Nag = 17 self-assembled chains. The C18-b-PEO19 and C18-b-PEO92
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 2 Figure 2. Schematic representation of the expected formation of mixed micelles through the
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 31 Figure 3 . Temperature dependence of transmittance measurements of ( ) lipid-b-P(iPrOx)28, (▲)
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  proportional to the scattered intensity) and Rh,app values above 38°C for lipid-b-P(iPrOx)28 alone should not be interpreted too quantitatively because the solution is slightly turbid causing multiple scattering. Still, the huge increase of Mapp and Rh,app, and the strong angular dependence, observed are clear and indicate that the lipid-b-P(iPrOx)28 micelles form much larger structures above 38°C. These structures are most probably ill-defined aggregates of micelles considering their dimensions and the fact that they cause turbidity as observed by UV-Vis measurements (Figure4Aand previous discussion). Considering that the characteristics of the particles did not evolve significantly with T below TCP and that only qualitative information (formation of large aggregates) could be obtained above TCP, only a few data points around TCP were measured by multi-angle light scattering. When blending lipid-b-P(iPrOx)28 with the PEO homopolymer, the same evolution is obtained (FiguresS7 & S8). This result confirms that the presence of a PEO homopolymer in the solution doesn't affect the stability of the lipid-b-P(iPrOx)28 micelles above their cloud point.
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 4 Figure 4. Light scattering measurements -(A) Mapp and (B) Rh,app as a function of temperature for

  The same post-mixing experiments were conducted on the other blends with different weight ratios between lipid-b-P(iPrOx)28 and C18-b-PEO19 (25/75 and 75/25) (FiguresS9 & S10). Similar results were obtained with the absence of any aggregation phenomenon at the TCP of lipid-b-P(iPrOx)28, thus confirming the formation of mixed micelles for these proportions too.The extension of this blending approach to C18-b-PEOx copolymers with various PEO lengths was then conducted to investigate the influence of the hydrophilic block length onto the hybridization process and on the final properties.III.Influence of the PEO block length on the hybridization process and on the micellar properties Two C18-b-PEOx copolymers with either a significantly lower polymerization degree (C18-b-PEO10) or a larger polymerization degree (C18-b-PEO92) were blended with the lipid-b-P(iPrOx)28 copolymer at various weight ratios (25/75, 50/50 and 75/25) by mixing their corresponding aqueous solutions. UV-visible measurements were conducted (Figure 5) to investigate the TCP evolution.
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 5 Figure 5. Temperature dependence of transmittance measurements of the blends between lipid-b-
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 6 Figure 6. Evolution of Mapp as a function of temperature, determined by static light scattering, for
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 78 Figure 7. Evolution of the cloud point temperatures, determined by UV-visible measurements, as
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 1 of micellar systems through the overall composition of each micelle rather than through the composition of each individual chain. It opens new perspectives towards the possibility to blend copolymers of different chemical natures and properties. ASSOCIATED CONTENT Influence of the concentration on the cloud point of lipid-b-P(iPrOx); 2) Influence of a PEO homopolymer on the cloud point of lipid-b-P(iPrOx); 3) LS study of the co-assembly of C18-b-PEO19 and lipid-b-P(iPrOx) at room temperature; 4) LS study with temperature of different C18-b-PEOx with lipid-b-P(iPrOx) 5) Typical light scattering treatment for samples exhibiting two populations of scatterers.
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 1 Characteristics of the polymer chains and of their corresponding micelles studied by light scattering in water at 0.5 g/L and 20°C.
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