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Switchable solvents are changing properties when exposed to an external stimulus. As example, for thermomorphic multiphasic system (TMS), temperature changes can induce phase separations. Aqueous systems presented here are formulated with a carboxylic acid (weak acid) and an amphiphilic tertiary amine (weak base). They show thermo-switchable hydrophobicity and after separation, the weak acid and base are mainly found in the organic phase while the aqueous phase is mostly composed of water, up to 99 wt%. The phase separation temperature (cloud point) can be tuned from 20 to 80°C depending on the choice of the carboxylic acid and on the acid : base molar ratio. A collection of saturated aliphatic carboxylic acids and benzoic acid derivatives have been investigated to evaluate the impact of different physico-chemical properties on the cloud point. The octanol/water partition coefficient (log P) and acidic constant (pKa) were identified as key physico-chemical properties to adjust the phase separation temperature. Finally, as illustration of the efficiency of these systems to remove a chemical from water, it has been shown that 99% extraction of an anionic dye, methyl orange, could be achieved with most of the tested TMS.

Introduction

Solvents represents often 80 to 90 wt% of chemicals used in industrial processes like in the synthesis of pharmaceutical ingredients [START_REF] Constable | Perspective on Solvent Use in the Pharmaceutical Industry[END_REF]. For the development of a sustainable chemistry, selection guides for greener solvents are established, based on parameters representative of safety, health and environmental impacts [START_REF] Prat | CHEM21 selection guide of classical-and less classical-solvents[END_REF][START_REF] Prat | Sanofi's Solvent Selection Guide: A Step Toward More Sustainable Processes[END_REF]. Over these requirements, the amount of energy necessary for separation of the product from the solvent is often an important parameter. Therefore, one of the main challenges identified to make a greener chemistry is to suppress highly energetic steps like distillation [START_REF] Jessop | Searching for green solvents[END_REF]. The aspect of sustainability of green solvents, including thermomorphic multiphasic system (TMS) , ionic liquid (IL) and deep eutectic solvent (DES), was recently review in details [START_REF] Hessel | Sustainability of green solventsreview and perspective[END_REF]. However, it is not because a solvent is a DES that it should necessary be considered as green.

Ideally, a solvent should be cheap, safe, stable, degradable, renewable, non-hazardous and atom economic in their synthesis [START_REF] Chen | Revisiting greenness of ionic liquids and deep eutectic solvents[END_REF]. To acquire a better knowledge of the sustainability of a solvent, a rigorous life cycle analysis could been performed [START_REF] Zaib | Are deep eutectic solvents really green?: A life-cycle perspective[END_REF].

Switchable hydrophilicity solvents (SHS) are aqueous solvents capable to change from monophasic to biphasic depending on the activation of a trigger. It is therefore possible to use advantageously both homogenous and heterogenous systems depending on the step of the process. For example, bubbling CO2 can induce the switch from biphasic to monophasic and then, flowing N2 to desorb CO2 can generate the change back to the monophasic solution [START_REF] Jessop | A solvent having switchable hydrophilicity[END_REF][START_REF] Jessop | Tertiary amine solvents having switchable hydrophilicity[END_REF][START_REF] Vanderveen | Design and evaluation of switchable-hydrophilicity solvents[END_REF]. With this type of solvent, chemical reactions can be performed in a homogenous system before recovering the hydrophilic product in water. In this way, a costly distillation step can be avoided.

Temperature can also be used as stimulus to induce a phase separation. Changing the temperature of a batch reactor is easily accessible which make this stimulus practical in various cases. A TMS is a system that could either possess a LCST (lower critical solution temperature) or UCST (upper critical solution temperature), if the separation occurs when heating or cooling, respectively [START_REF] Qiao | Temperature-Responsive Ionic Liquids: Fundamental Behaviors and Catalytic Applications[END_REF]. As example, an aqueous DES made of mono-ethanol-amine and 4-chlorophenol possessed a UCST allowing efficient extraction of aromatic amino acids [START_REF] Xiong | Temperature-switchable deep eutectic solvents for selective separation of aromatic amino acids in water[END_REF]. Some aqueous amine solutions also present an LCST and the mutual solubility data for many binary mixtures have been reviewed in details [START_REF] Góral | Amines with Water Part 1. C4-C6 Aliphatic Amines[END_REF][START_REF] Góral | Amines with Water Part 2. C7-C24 Aliphatic Amines[END_REF]. These systems has been evaluated for CO2 capture process [START_REF] Gautam | Review of recent trends and various techniques for CO2 capture: Special emphasis on biphasic amine solvents[END_REF], particularly to limit energy cost of solvent regeneration after the absorption of CO2 from an exhaust gas. Therefore, numerous systems have been tested, including aqueous amine solution possessing an LCST [START_REF] Zhang | Phase change solvents for post-combustion CO2 capture: Principle, advances, and challenges[END_REF][START_REF] Longeras | Tuning critical solution temperature for CO2 capture by aqueous solution of amine[END_REF].

TMS are also of interest for metal extraction [START_REF] Dupont | Recycling of rare earths from NdFeB magnets using a combined leaching/extraction system based on the acidity and thermomorphism of the ionic liquid [Hbet][Tf2N][END_REF][START_REF] Kono | Significant Acceleration of PGMs Extraction with UCST-Type Thermomorphic Ionic Liquid at Elevated Temperature[END_REF] or catalyst recovery [START_REF] Bianga | Thermomorphic Multiphase Systems: Switchable Solvent Mixtures for the Recovery of Homogeneous Catalysts in Batch and Flow Processes[END_REF]. Among the systems presenting LCSTs, mention may also be made of solutions including IL [START_REF] Lachwa | Evidence for Lower Critical Solution Behavior in Ionic Liquid Solutions[END_REF][START_REF] Fukumoto | LCST-Type Phase Changes of a Mixture of Water and Ionic Liquids Derived from Amino Acids[END_REF]. Because of their low volatility, aqueous IL showing LCST have been considered for extraction of metal ions [START_REF] Depuydt | Homogeneous liquid-liquid extraction of metal ions with non-fluorinated bis(2-ethylhexyl)phosphate ionic liquids having a lower critical solution temperature in combination with water[END_REF] and proteins [START_REF] Kohno | Extraction of proteins with temperature sensitive and reversible phase change of ionic liquid/water mixture[END_REF]. DES have been proposed initially by Abbott's group as "systems formed from a eutectic mixture of Lewis or Brønsted acids and bases which can contain a variety of anionic and/or cationic species" [START_REF] Smith | Deep Eutectic Solvents (DESs) and Their Applications[END_REF]. The field of DES is growing rapidly even if the a clear definition has not been yet established [START_REF] Hansen | Deep Eutectic Solvents: A Review of Fundamentals and Applications[END_REF]. In the last few years, extraction of various molecules and ions from water has been tested in a wide range of hydrophobic DES [START_REF] Ramezani | Homogeneous liquid-liquid microextraction based on deep eutectic solvents[END_REF][START_REF] Schaeffer | Non-ionic hydrophobic eutecticsversatile solvents for tailored metal separation and valorisation[END_REF]. As solvents, the DES are of interest because of their much lower volatility than usual VOS. As example, systems made with the mixture of decanoic acid or lidocaine with menthol have a partial pressure around 10 -5 bar at 70°C [START_REF] Xin | Total vapor pressure of hydrophobic deep eutectic solvents: Experiments and modelling[END_REF].

A low mutual solubility of water and DES will be of key importance for extraction or separation process. As an example, the aqueous DES made of oleic acid (OA) and lidocaine (LD) at (1:1) molar ratio and with 50 wt% of water has a LCST at 25°C and show a phase separation rather abrupt; less than 1 wt% of organic molecules are present in the aqueous phase at 50°C and around 5 wt% for water in the DES phase [START_REF] Longeras | Deep Eutectic Solvent with Thermo-Switchable Hydrophobicity[END_REF]. LD is an amphiphilic tertiary amine while OA is a hydrophobic fatty acid. The dry mixture (OA:LD) has been initially presented by Bica et al. as the first example of liquefaction of a solid pharmaceutical in the form of a neutral acidbase complex [START_REF] Bica | Liquid forms of pharmaceutical cocrystals: exploring the boundaries of salt formation[END_REF]. However, the presence of the LCST in the aqueous mixture has been explained by the decrease of the quantity of ions when increasing the temperature; ions resulting from acidbase reaction between LD and OA are more soluble in water than the molecular LD and OA. This acidbase reaction is less favourable when increasing temperature as the pKa of tertiary amines like LD are decreasing [START_REF] Rayer | Dissociation Constants (pKa) of Tertiary and Cyclic Amines: Structural and Temperature Dependences[END_REF][START_REF] Strichartz | Fundamental Properties of Local Anesthetics. II. Measured Octanol: Buffer Partition Coefficients and pK: a: Values of Clinically Used Drugs[END_REF].

The decrease of the solubility of organics in water leads to the liquidliquid phase separation [START_REF] Longeras | Deep Eutectic Solvent with Thermo-Switchable Hydrophobicity[END_REF].

The applicability of this first TMS based on an aqueous DES (OA:LD) has already been illustrated in the field of biocatalysis with an effective separation allowing the recycling of a catalytic enzyme [START_REF] Meyer | A Deep Eutectic Solvent Thermomorphic Multiphasic System for Biocatalytic Applications[END_REF].

The aim of this work is to investigate other aqueous mixtures of weak acidbase to better understand the physico-chemical properties that lead to a phase separation. The idea is to identify aqueous solutions with different phase diagrams for a wider range of utilizations. Moreover, the presence the double bond in case of the OA can restrict application such as palladium catalysis or radical based reactions. In the aqueous DES (OA:LD), the LD is the amphiphilic molecule that permit water and the fatty acid (OA) to coexist in the same liquid phase. It was then chosen to combine LD with various hydrophobic carboxylic acid and also, to test a very similar amphiphilic molecule: the mepivacaine (MEP). Both molecules possess a tertiary amine group, an amide group and a dimethylphenyl group (Scheme 1). MEP and LD are both active pharmaceutical ingredients (API) known as local anesthetics. They have comparable physico-chemical properties, in particular both hydrophobicity and pKa are similar for LD and MEP [START_REF] Strichartz | Fundamental Properties of Local Anesthetics. II. Measured Octanol: Buffer Partition Coefficients and pK: a: Values of Clinically Used Drugs[END_REF]. The tested aliphatic and aromatic acids that will be combined with the weak base are also represented in Scheme 1. 

Materials and methods

Chemicals

Chemicals used are listed in Table 1, together with furnisher and purity. All chemicals were used without further purification. The water used in this work was systematically mono-distilled. 

Solvent preparation

The solvents are prepared by weighting method (typically 1 to10 g). The DES are obtained by adding the weak acid to the base and heating the mixture slightly above the melting temperatures of both chemicals. All mixtures become clear transparent liquids after few minutes. The mixtures are then cooled down at room temperature and the same weight of water is added to prepare aqueous mixtures. Some DES made with derivatives of benzoic acid were solid at room temperature. In these cases, the DES is heated up to fusion before adding water. The full list of all DES prepared for this work is given in supplementary materials.

Cloud point determination

Liquidliquid phase separation of aqueous solution of DES has been observed at microscopic and macroscopic scales. With an optical microscope (Leica DM2500M), a sample (around 10-20 mg) is placed between two glass slides into a thermally controlled stage (Linkam LTS420). The thickness of liquid sample between the two glasses slides is around 10-20 m. The sample is heated at 1°C/min and images of the sample observed in transmission are recorded every 6 seconds. The temperature of the first image showing droplets is defined as the cloud point.

For the macroscopic observation, around 3 mL of a sample is placed into a closed glass vial together with a blue magnetic stirrer bar (Fig. 1). The vial is immerged in a thermostatic water bath with two glass windows (Julabo 18V) which is heated at 0.5°C/min. A submergible magnetic stirrer (Micro from Thermo Scientific) is place directly below the vial allowing the sample to be continuously mixed 

Quantification of chemicals in both phases

The amount of water in the organic phase was measured by Karl-Fischer technique using a DL32, Mettler-Toledo titrator. The concentration of organics in the aqueous phase were obtained using a mass spectrometer coupled with liquid chromatography (UHPLC-HRMS, Ultimate 3000 coupled with an orbitrap Q-Exactive from Thermo Fisher).

Dye extraction

The experiment consists in mixing about 1.5 g of DES with same weight of an aqueous solution of methyl orange (85 ppm). After 5 minutes at room temperature the vial containing the mixture is placed into a water bath, pre-heated at 40°C or 60°C. After 15 minutes, about 0.7 ml of the aqueous phase is taken and diluted with water and ethanol for UV-Vis spectroscopy. About 0.2 ml of each phase are also taken for chemical analysis (Karl-Fischer for the organic phase and mass spectrometry for the aqueous phase). Extraction efficiency (EE) is calculated (Eq. 1) from ratio of dye concentrations in the aqueous phase before (Cbefore) and after (Cafter)the extraction. EE = (Cbefore -Cafter) / Cbefore

Eq. 1

The concentrations of dye in aqueous phase are determined from the measurements of peak intensity, using a UV-vis spectrophotometer (Jasco V650). Reported EE are obtained from two extraction experiments carried out in same conditions.

Results

Effect of hydrophobicity and pKa of DES constituents on the cloud point

LD and MEP with linear aliphatic acid

The original DES investigated by our group was formulated with oleic acid (OA) and lidocaine (LD) at a (1:1) molar ratio. The 50 wt% aqueous solution of this DES displays a reversible phase separation close to room temperature [START_REF] Longeras | Deep Eutectic Solvent with Thermo-Switchable Hydrophobicity[END_REF]. The effect of weak acid hydrophobicity was analysed by replacing the OA with other weak acids. Similarly, LD has been replaced by MEP which possesses similar physico-chemical properties. The general composition of the solution is maintained at 50 wt% of water. Cloud points for DES composed of a linear aliphatic acids and LD (or MEP) are represented in Fig. 2. ΔpKa between LD and MEP is around 0.27 at 25°C (8.19 and 7.92 for LD and MEP, respectively) [START_REF] Strichartz | Fundamental Properties of Local Anesthetics. II. Measured Octanol: Buffer Partition Coefficients and pK: a: Values of Clinically Used Drugs[END_REF], however, the cloud points are similar for DES with octanoic and decanoic acids (26 -27°C). A hypothesis for having similar cloud points while having different pKa could be the hydrophobicity of the base. Kow (or P) is the partition coefficient of unionized chemical between octanol and water phase, and it is commonly used to evaluate the affinity of a molecule between hydrophilic and lipophilic phases. While the higher pKa of LD induce a higher amount of ions, its hydrophobicity is also higher (log P are 2.48 and 1.95 for LD and MEP at 25°C, respectively) [START_REF] Strichartz | Fundamental Properties of Local Anesthetics. II. Measured Octanol: Buffer Partition Coefficients and pK: a: Values of Clinically Used Drugs[END_REF], both properties could therefore compensate and give a similar cloud point.

For shorter acids (pentanoic to heptanoic acids), higher cloud points are observed when using MEP instead of LD. The cloud point behaviour as function of the base might be explained by a faster decrease of the pKa with temperature for MEP than for LD : between 25 and 36°C, the pKa of LD decreases from 8.19 to 7.77 (pKa = 0.42) while the pKa of MEP decreases only from 7.92 to 7.72

(pKa = 0.20) [START_REF] Strichartz | Fundamental Properties of Local Anesthetics. II. Measured Octanol: Buffer Partition Coefficients and pK: a: Values of Clinically Used Drugs[END_REF]. While for mixtures separating close to room temperature, cloud points are similar for mixtures made with LD and MEP, for solvents possessing a higher cloud point, it is higher in the case of MEP mixtures because its pKa is decreasing slower. This observation is coherent with the description of the phase separation in this weak acidbase mixtures: a lower pKa of the amine induce a lower concentration of ions, and therefore, a decrease of the solubility of organic species in water, up to the phase separation between organics and aqueous phases.

The aqueous solution of stearic acid (C18 saturated acid), with either LD or MEP, is never monophasic in the limits of our experiments. Therefore, it cannot be compared to oleic acid (C18 enoic acid) and linoleic (C18 dienoic acid). Both unsaturated C18 acids are highly hydrophobic and should have comparable pKa. These properties alone cannot explain the significant cloud point differences. With the MEP as weak base, the cloud points are 36°C with oleic and 24°C with linoleic.

Therefore, other parameters should also play a role in the phase separation temperature.

Parameters related to supramolecular organization of the liquid phase, such as surface tension or critical vesicular concentration could impact also impact the cloud point [START_REF] Yin | Effect of Unsaturation on the Stability of C18 Polyunsaturated Fatty Acids Vesicles Suspension in Aqueous Solution[END_REF].

LD or MEP with benzoic acid derivatives

Many physico-chemical properties are changing simultaneously when changing the alkyl chain of the carboxylic acid and it is challenging to correlate them to cloud points. By replacing the saturated aliphatic chain of the carboxylic acid by benzoic acid derivatives, it is however possible to decorrelate the change of parameters like hydrophobicity and pKa. Aqueous solutions (50 wt%) of DES (1:1 molar ratio) were prepared with benzoic acids and seven benzoic acids derivatives with one alkyl groups as substituent (methyl, ethyl, n-butyl or tert-butyl) (Fig. 3). For benzoic acid with LD, the cloud point (83°C) is higher than for the linear heptanoic acid (30°C), which could be explained by a lower pKa for benzoic acid (4.2) than for heptanoic acid (4.9). Overall alkyl substitution on the benzene ring is systematically decreasing the phase separation temperature and the longer is the alkyl chain of the substituent the lower is the cloud point (Fig. 3).

For methyl substitutions, the position of the substituent changes the pKa without a significant change of the hydrophobicity. The ortho substitution induces a lower pKa (4.0) compared to benzoic acid (4.2). On the other hand, with the para or meta substitution, the pKa increases (4.3). Cloud points of para and meta methyl-benzoic acids are similar and lower than that of the ortho. Cloud points are therefore correlated with the pKa: lower is the pKa, higher is the temperature.

Regarding the substitution on para position with ethyl, butyl and tert-butyl groups, the cloud point decreases due to higher hydrophobicity and no miscibility where found for the 4-tert-butyl-benzoic acid.

When separating the benzyl group from the carboxylic acid, the cloud points are decreased, 83°C

(benzoic acid-LD) versus 44°C (3-phenyl-propionic acid-LD). This evolution could be correlated with pKa 4.2 for benzoic and 4.6 for 3-phenyl propionic.

In order to test the impact of the aromaticity, aqueous solutions of a aqueous DES mixture were also prepared with cyclohexanoic acid. The lower cloud point for cyclohexanoic acid (35°C with LD) than for benzoic acid (83°C with LD) could be correlated with the higher pKa of cyclohexanoic acid (4.9 versus 4.2 for benzoic). Compare to linear aliphatic chain, the cycle will lead to cloud point increases;

30°C and 35°C for heptanoic vs 35°C and 44°C for cyclohexanoic acid, with LD and MEP, respectively. As both acids have similar pKa (4.9), the difference could be related to a lower log Kow of cyclohexanoic acid (1.96) compare to heptanoic acid (2.42).

A correlation between cloud points, pKa and log Kow were tested. A mediocre correlation exists between the cloud point and either the log P or pKa. A better correlation is found when using (pKa + log P) (Fig. 4). This sum is related to the distribution coefficient (D) of both ionized and un-ionized acid forms. When pKa << pH, log D for the acid is close to (log P + pKa -pH) [START_REF] Bergazin | Evaluation of log P, pKa, and log D predictions from the SAMPL7 blind challenge[END_REF]. In this work, the pH is systematically between 6 and 8. Moreover, mono carboxylic acids considered in this work have pKa between 3.9 and 5 and log P above 1.8. Therefore, the dashed line in Fig. 4 corresponds to the correlation between cloud points and distribution coefficients of ionized and neutral acid forms between lipophilic and hydrophilic phases. 

Impact of the ratio between the weak acid and base on the cloud point

LDweak acid ratio were tested for three acids (benzoic, pentanoic and phenyl propionic acids).

Cloud points were obtained with the optical microscope. It reaches a maximum value around the equimolar (acid : base) ratio (Fig. 5). If we considered that the increasing quantity of ions tends to increase the cloud point, it might indicate that it corresponds to a maximum ion concentration at this composition. Changing the (acid:base) ratio is therefore a practical way to decrease the cloud point for a specific application. The acid:base ratio has clearly an impact on the hydrophobicity of the mixtures. While in this present work, we are using aqueous (carboxylic acid:LD) (1:1), the same system with a (2:1) molar ratio has been used by several research groups as an hydrophobic DES (decanoic acid:lidocaine) for extraction of metals [START_REF] Van Osch | Removal of alkali and transition metal ions from water with hydrophobic deep eutectic solvents[END_REF] and organic molecules like toluene [START_REF] Chen | Hydrophobic deep eutectic solvents as attractive media for low-concentration hydrophobic VOC capture[END_REF].

Phase separation temperature with two acids where also assessed; mixtures with LD, water and both benzoic and decanoic acids (Fig. 6). The amount of water is kept constant at 50 wt%. The molar ratio between acids and LD is fixed at (1:1), only the proportion between the two acids is modified.

The evolution of the cloud point is not linear, it is not even monotonous: a minimum temperature is found for a mixture with a minor quantity of benzoic (benzoic acid: decanoic acid: LD), (39: 1: 40).

Using two acids will therefore allow to simply tune the cloud point without the need of testing new chemicals. 

Quality of the separation

The quality of the phase separation was investigated for 10 representative systems at 2 temperatures ( Table 2, lines 1-10). All systems were composed of LD as the weak base and one weak acid, either pentanoic, decanoic, 2-ethyl-benzoic (2EB) or 3-phenyl-propionic (3PP). The best separation was obtained with the decanoic acid at 60°C. When increasing the extraction temperature from 38 to 60°C, the amount of water in the organic phase decreases from 24 to 12 wt% but the amount of organic chemicals in the aqueous phase remains constant at 1.1 wt%. It should therefore be possible to perform extraction around 10°C above the cloud point to remove chemicals from the aqueous phase, as for dye extraction. The separation could be improved with an acid having a longer alkyl aqueous is 1.1 wt% with the aqueous (decanoic acid:LD) (1:1) mixture while it is 6.35 wt% [START_REF] Stephenson | Mutual solubility of water and aliphatic amines[END_REF] for aqueous diisopropylamine mixture.

Extraction efficiency of methyl orange from water

Extraction of methyl orange (MO) was performed with several TMS as a simple illustration of the ability to extract organic ions. Extraction of the ionic dye was evaluated in 12 solvents: 10 TMS, as well as neat decanoic acid, which is a hydrophobic solvent (melting temperature around 32°C) and LD diluted in octanol ( [START_REF] Hessel | Sustainability of green solventsreview and perspective[END_REF]. TMS based on decanoic, 2-ethyl-benzoic and 3-phenyl-propionic acids can reach 99% extraction. Surprisingly, even when the amount of organic in the aqueous phase rise to 8 wt% ( Table 2, lines 8 and 10), the EE can still reach 99%. This better dye extraction than organic separation might be explained by a cooperative effect of several hydrophobic/amphiphilic molecules/ions around the dye. There is however a correlation between the amount of organic in the aqueous phase and the EE: less than 10 wt% of organics in the aqueous phase gives a better extraction (99%).

Nevertheless, quality of the extraction is not only driven by the quality of the separation between DES and water. As example, an acid with an aromatic ring (2EB:LD, Table 2, line 6), with 16 wt% of organic in the aqueous phase, is still performing better than the pentanoic acid, with 15 wt% of organic in the aqueous phase ( Table 2, line 5): EE of 96% vs 90%. This higher EE could be explained by a possible stronger interaction between the aromatic MO and the 2-ethyl-benzoic acid than with the aliphatic pentanoic acid. These results are illustrating that it should be possible to design TMS with particular chemical properties to target specific application.

Conclusions

More than 30 new aqueous thermomorphic multiphasic systems (TMS) possessing a low critical solution temperature between 20 and 83°C were identified. These systems are constituted of water, a weak carboxylic acid and a weak base (either lidocaine or mepivacaine).

For the systems analysed in this work, a correlation between the log D of the acid and cloud point was revealed. Considering that the pKa of the weak bases decrease considerably with the temperature, and the solubility of ions in water are much higher than those of the corresponding neutral molecules, the increase of the temperature is inducing a decrease of the quantity of ions in the systems up to the cloud point where the second liquid phase appears. The correlation between the log D and the phase separation temperature confirmed this description of the origin of the phase separation in these aqueous weak acidbase systems. Moreover, this description is also coherent with the fact that more extremes temperatures are obtained mixtures made with mepivacaine as a base because compare to the lidocaine, the pKa of mepivacaine being less sensitive to temperature. With this understanding of these mixtures, designing new TMS should be facilitated.

The quality of the separation between the aqueous and organic phase was also determined. For the TMS made with one of the most hydrophobic acid, the quality of the separation is highly effective:

the amount of organic in the aqueous phase could be as low as 1.1 wt% around 10°C above the cloud point for a system that separates slightly above room temperature (27°C). 

Scheme 1 :

 1 Scheme 1: Structures of the weak bases (lidocaine and mepivacaine) and weak acids used in this study.
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  with the blue magnetic stirrer. Images are taken every 12 seconds, the temperature of the first image with a white solution is considered as the cloud point. Both methods present a reproducibility standard deviation estimated about 0.5°C. Example of a cloud point determination for an aqueous solution of DES is presented in Fig. 1.

Fig. 1 .

 1 Fig. 1. Cloud point determination at 27 °C for a solution of DES (lidocaine : decanoic acid with a (1:1) molar ratio), 50 wt% in water. Images recorded for a sample with a microscope (A) and for a sample in a glass vial (B).

Fig. 2 .

 2 Fig. 2. Cloud point of aqueous DES solutions composed of linear aliphatic acid + lidocaine (or mepivacaine) + water. The molar ratio (acid:base) is (1:1) and the quantity of water is fixed at 50 wt%.

Fig. 3 .

 3 Fig. 3. Cloud point of aqueous DES solutions composed of cyclic carboxylic acid + lidocaine (or mepivacaine) + water. The molar ratio (acid:base) is (1:1) and the quantity of water is fixed at 50 wt%. (1φ): always monophasic between 20°C and 90°C. (2φ): biphasic system at room temperature.

Fig. 4 .

 4 Fig. 4. Correlation between cloud points and (pKa + log P) for aqueous solution (50 wt%) of weak acid with lidocaine (LD) or mepivacaine (MEP) (1:1 molar ratio).

Fig. 5 .

 5 Fig. 5. Impact of LDweak acid ratio on cloud point for DES aqueous solution 50 wt%. Lines are only drawn as a guide to the eye.

Fig. 6 .

 6 Fig. 6. Evolution of cloud point in a mixture with 2 acids (benzoic and decanoic), lidocaine and water. Quantities of acids are given in mole percent in the DES mixture (without water). The solid lines are only drawn as a guide to the eye.
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Table 1 .

 1 Chemicals used in this study.

	Acronym	IUPAC name	CAS number Purity	Source
	Lidocaine (LD)	2-(diethylamino)-N-	137-58-6	>99%	TCI
		(2,6-dimethylphenyl)acetamide			
	Mepivacaine (MEP)	(RS)-N-(2,6-dimethylphenyl)-	96-88-8	95%	ABCR
		1-methyl-piperidine-2-carboxamide			
	Oleic acid (OA)	(Z)-Octadec-9-enoic acid	112-80-1	>98%	TCI
		Pentanoic acid	787-70-2	>98%	TCI
		Hexaoic acid	142-62-1	>98%	TCI
		Heptanoic acid	11-14-8	>98%	TCI
		Octanoic acid	127-07-2	>98%	TCI
		Decanoic acid	334-48-5	>98%	TCI
		Dodecanoic acid	143-07-7	>98%	TCI
	Linoleic acid	cis, cis-9,12-Octadecadienoic acid	60-33-3	>97%	TCI
		benzoic acid	65-85-0	>99%	TCI
		2-methylbenzoic acid	118-90-1	>98%	TCI
		3-methylbenzoic acid	99-04-7	>98%	TCI
		4-methylbenzoic acid	99-94-5	>98%	TCI
	2EB acid	2-ethylbenzoic acid	612-19-1	>98%	TCI
		4-butylbenzoic acid	20651-71-2	>98%	TCI
		4-tert-butylbenzoic acid	98-73-7	>99%	TCI
	3PP acid	3-phenylpropionic acid	501-52-0	>98%	TCI
	cyclohexanoic acid	Cyclohexanecarboxylic acid	98-89-5	>98%	TCI
	cinnamic acid	3-phenylprop-2-enoic acid	621-82-9	>98%	TCI
	Methyl orange	sodiuM (E)-4-((4-(diMethylaMino)	547-58-0	85%	Sigma-
		phenyl)diazenyl) benzenesulfonate			Aldrich

Table 2 )

 2 . Results from the TMS are always much better than decanoic acid or LD. 89-99% extraction efficiency (EE) is reached with TMS compare to 2% with decanoic acid and, 50% with LD. An EE of 50% correspond to a same concentration of MO in both phases while an EE of 99% to a dye concentration about 100 times higher in the organic phase than in the aqueous phase. The presence of ions in the TMS is therefore improving considerably the extraction of the ionic dye.Within the TMS systems, those made with pentanoic acid are the less effectives: around 90% EE. The poorer separation between aqueous and organic phases (15 to 26 wt% of organic in aqueous phase) is most probably explaining the lower EE (

Table 2 ,
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chain. For example, using oleic acid, less than 0.5 wt% of organics remains in the aqueous phase and less than 5 wt% of water, in the organic phase [START_REF] Longeras | Deep Eutectic Solvent with Thermo-Switchable Hydrophobicity[END_REF].

Table 2. Quality of the phase separation for 50 wt% DES-water systems (1-10) and, efficiency of dye (methyl orange) extraction from water [START_REF] Constable | Perspective on Solvent Use in the Pharmaceutical Industry[END_REF][START_REF] Prat | CHEM21 selection guide of classical-and less classical-solvents[END_REF][START_REF] Prat | Sanofi's Solvent Selection Guide: A Step Toward More Sustainable Processes[END_REF][START_REF] Jessop | Searching for green solvents[END_REF][START_REF] Hessel | Sustainability of green solventsreview and perspective[END_REF][START_REF] Chen | Revisiting greenness of ionic liquids and deep eutectic solvents[END_REF][START_REF] Zaib | Are deep eutectic solvents really green?: A life-cycle perspective[END_REF][START_REF] Jessop | A solvent having switchable hydrophilicity[END_REF][START_REF] Jessop | Tertiary amine solvents having switchable hydrophilicity[END_REF][START_REF] Vanderveen | Design and evaluation of switchable-hydrophilicity solvents[END_REF][START_REF] Qiao | Temperature-Responsive Ionic Liquids: Fundamental Behaviors and Catalytic Applications[END_REF][START_REF] Xiong | Temperature-switchable deep eutectic solvents for selective separation of aromatic amino acids in water[END_REF]. (1) 2EB: 2-ethyl-benzoic, (2) 3PP=3-phenyl-propionic. (3) pure decanoic acid, (4) 10 wt% of LD in octanol. (5) 4 10 wt% 4 -60°C ---50%

The separation using pentanoic acid is not as effective: 30°C above the cloud point, 15 wt% of organics in the aqueous phase and, the quantity of water in the organic phase is still above 30 wt%.

In the case of linear alkyl carboxylic acid, the more hydrophobic is the acid, the better is the separation. For acids with an aromatic ring (3-methyl-benzoic acid, phenyl-propionic acid), the quality of the phase separation seems also more limited (at least 8 wt% of organic in the aqueous phase) while the amount of water in the organic phase could be comparable to the one obtained with decanoic acid (12 wt%).

The quality of the separation of these new mixtures built on weak acidbase can be compared to the well-studied aqueous amine solution. With the larger amines like 1-ethylpiperidine (LCST at 9°C), the solubility of amine in the aqueous phase is around 2 wt%, and the solubility of water in the organic phase 7.5 wt%, at 40°C (31°C above the cloud point) [START_REF] Stephenson | Mutual solubility of water and pyridine derivatives[END_REF]. The most similar amine system with an LCST to the aqueous (decanoic acid:LD) (1:1) could be with diisopropylamine which has an LCST at 28°C. At 60°C, the amount of organic in the aqueous phase is 2.9 wt% while the quantity of water in the organic phase is 8.1 wt% [START_REF] Stephenson | Mutual solubility of water and aliphatic amines[END_REF]. Therefore, compare to aqueous amine, the quality of the phase separation of the aqueous (decanoic acid:LD) (1:1) system is significantly better regarding the amount of organics in the aqueous phase around 30°C above their cloud point. The difference in phase separation is even larger closer to the cloud point: at 40°C the amount of organic in the