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Abstract

Liquid-liquid partition coefficient is a useful tool to predict biological and environmental fate of organic compounds, for example bioaccumulation or toxicity of lipophilic contaminants. Conversely, the partitioning of ionizable compounds is poorly studied in contrast to that of neutral compounds. Yet, such topic deserves attention, since numerous organic contaminants are ionizable as well as their degradation products. Hence, the contribution of charged species has to be considered in order to model accurately the mass balance or partition of ionizable compounds. In this context, we investigated the liquid-liquid partition of 13 ionizable compounds (oxalic acid, histidine, benzimidazole, etc.), covering various classes of compounds (carboxylic acids, amino-acids, etc.). The n-octanol/water partition coefficient was measured from pH 1 up to 13, in order to fully gather the distribution of both neutral and charged species. Empirical models describing these results are reviewed and partition parameters adjusted for charged species. The study of benzoic acid derivatives (benzoic, salicylic, ortho-and isophthalic acids) provides insights on the influence of chemical groups on the partitioning. In the case of tryptophan, the use of acid/base microconstants allowed to estimate the partition of both the zwitterion and its neutral tautomer. Despite a major zwitterionic form (log P Z (tryptophan) = -1.58 ±0.30), the minor but neutral tautomer (log P N (tryptophan) = +0.03 ±0.30) drives the partition equilibrium. Overall, the provided data may be useful to assess the retention of contaminants, its dependency on pH and salinity variations, and thus understanding their environmental fate. Such data may also be useful as well for molecular simulation involving solvation of organic ions in aqueous and non-aqueous solvents.

Introduction

Lipophilicity of solutes is usually quantified by liquid-liquid partition coefficient, log P, which describes the equilibrium between organic and aqueous phases. It is an intrinsic property of each species and represents a meaningful physicochemical parameter regarding the fate of organic compounds in the environment. Indeed, the partition coefficients provide information on the retention of compounds [START_REF] Kenaga | Relationship between Water Solubility, Soil Sorption, Octal-Water Partitioning and Bioconcentration of Chemicals in Biota[END_REF][START_REF] Rasamimanana | Adsorption of Polar Organic Molecules on Sediments: Case-Study on Callovian-Oxfordian Claystone[END_REF], on their volatility [START_REF] Xiao | Is Vapor Pressure or the Octanol-air Partition Coefficient a Better Descriptor of the Partitioning between Gas Phase and Organic Matter?[END_REF], on their solubility [START_REF] Miller | Relationships between Octanol-Water Partition Coefficient and Aqueous Solubility[END_REF], or on their bioaccumulation and toxicity [START_REF] Hideji | Structure-Toxicity Relationship of Acrylates and Methacrylates[END_REF]. Partition coefficients can be determined from both experimental and theoretical approaches. The Organisation for Economic Cooperation and Development (OECD) provides guidelines for the recommended experimental methods (OECD, 1995;OECD, 2006). Concerning theoretical approaches, partition is commonly described for organic neutral compounds by quantitative structure-activity relationships [START_REF] Zhao | QSAR study of the toxicity of benzoic acids to Vibrio fischeri, Daphnia magna and carp[END_REF]. Hence, several computational models have been developed for prediction of log P values [START_REF] Leo | Calculating Log Poct from Structures[END_REF], leading to large databases. All these techniques are efficient for neutral compounds but may be limited for ionizable molecules, for which the consideration of ionic species is complex [START_REF] Franco | Influence of Soil pH on the Sorption of Ionizable Chemicals: Modeling Advances[END_REF][START_REF] Sigmund | Sorption and Mobility of Charged Organic Compounds: How to Confront and Overcome Limitations in Their Assessment[END_REF] and requires experimental confirmation and holistic interpretation.

Usually, the experimental measurement of partition provides an apparent coefficient, log Papp (sometimes noted log D), which is appropriate to assess the partition of the chemical compound between two phases. This apparent partition coefficient depends on the partition of the various species of the compound. The knowledge of this partition data, including for ionized species, is then important to assess accurately the partition, mass balance, and reactivity of organic compounds. While log P values are quite well documented for lipophilic organic compounds [START_REF] Mannetje | Partitioning of Persistent Organic Pollutants (POPs) between Human Serum and Breast Milk: A Literature Review[END_REF] or surfactants [START_REF] Miller | Solubilization in Surfactant Systems[END_REF], the data available on the partition of ionizable compounds and electrolytes are still scarce. It is also difficult to predict with accuracy, as the apparent partition coefficient of ions is highly sensitive to the experimental conditions, such as the pH or the ionic strength. For these reasons the partition of ionic species, such as ion pairs or zwitterions, is often neglected. Nevertheless, the recovering of such data is often mandatory to calculate correctly mass-balance as a function of physico-chemical conditions and predict compounds partition or bioaccumulation in aquatic systems [START_REF] Armitage | Assessing the Bioaccumulation Potential of Ionizable Organic Compounds: Current Knowledge and Research Priorities: Bioaccumulation of IOCs: Current Knowledge[END_REF][START_REF] Nichols | Observed and Modeled Effects of pH on Bioconcentration of Diphenhydramine, a Weakly Basic Pharmaceutical, in Fathead Minnows: pH Influence on BCF of Diphenhydramine in Fathead Minnows[END_REF], mobility into agricultural soils [START_REF] Laak | The Effect of pH and Ionic Strength on the Sorption of Sulfachloropyridazine, Tylosin, and Oxytetracycline to Soil[END_REF][START_REF] Jarvis | Meta-Analysis of Pesticide Sorption in Subsoil: Sorption Meta-Analysis[END_REF], or removal in wastewater effluent [START_REF] Thomas | Tracking Acidic Pharmaceuticals, Caffeine, and Triclosan through the Wastewater Treatment Process[END_REF][START_REF] Goswami | Occurrence of Pharmaceutically Active Compounds and Potential Ecological Risks in Wastewater from Hospitals and Receiving Waters in Sri Lanka[END_REF]. Although these correlations have been studied for lipophilic compounds, the limited data available on ions pairs in the literature does not allow to easily assess such correlations for hydrophilic compounds.

In this context, the current study focuses on the assessment of liquid-liquid partition for several ionizable compounds. Various classes of compounds were selected for their relevancy, e.g., brönsted acid, basis, zwitterions, phthalates derivatives. The basic structures of the selected compounds allows to highlight structural effects, which may then be applied further to more complex molecules. A broad range of properties and physicochemical conditions, such as the pH and the salinity, were also evaluated. The main objectives were to estimate the partition coefficients of ionizable compounds in various physico-chemical conditions, to quantify the specific partition of charged species (ion pairs, zwitterions) and to evaluate the empirical models describing such data.

Material and methods

Theoretical background

The partition coefficient P of a solute X between two liquid phases (φ), is defined as the ratio of its concentration (here in mol L -1 ) in the organic phase (noted o in superscript) and in the aqueous phase (noted w in superscript), following Equation 1:

𝑃 = [𝑋] 𝑜 [𝑋] 𝑤 = 0.115 𝛾 𝑤 (𝑋) 𝛾 𝑜 (𝑋)
(1) with γ φ (X) being the activity coefficient of solutes in a phase φ, and [X] φ (mol L -1 ) its molarity. The activity of the solute X becomes equal in both phases when the thermodynamic equilibrium is reached. The coefficient γ is related to the solutes activity, a(X) = γ(X) x, with x = n φ (X)/n φ tot being the molar fraction. Then, the use of molarity [X] in (mol L -1 ) in Equation 1 differs from molar fraction, x, usually used in the definition of chemical activities. The factor 0.115 accounts for the ratio of the molarity of hydrated 1-octanol solvent (6.36 mol L -1 ) to that of the water solvent (55.5 mol L -1 ) at ambient temperature and with low concentration solutes.

The positive values of log P correspond to a preference of "lipophilic" compounds for the organic phase, while negative values reflect an affinity of "hydrophilic" compounds for the aqueous one. When ionization or ion pairing is negligible, the above equation describes satisfactorily the partitioning. It is the case of neutral compounds with no acid/base properties, for which only one species is responsible for the behavior of the compound. The notation Kow is representative of thermodynamic equilibrium of a sole species. It is especially used in environmental system [START_REF] Schwarzenbach | Organic Liquid-Air and Organic Liquid-Water Partitioning[END_REF], and is equivalent to the partition coefficient, P, in these specific conditions.

In the case of ionizable compounds, the partition of ions and ion pairs in the organic phase has been observed for a long time [START_REF] Divatia | Physical Chemical Study of the Distribution of Some Amine Salts Between Immiscible Solvents[END_REF]. The ions pairs (IP) are supposed to remain mainly in the organic phase, while the ionic species (I) are supposed to remain in the aqueous phase because of its higher dielectric constant. [START_REF] Westall | Distribution of Lithium Chloride, Sodium Chloride, Potassium Chloride, Hydrochloric Acid, Magnesium Chloride, and Calcium Chloride between Octanol and Water[END_REF] highlighted this assumption, by measuring the distribution of various electrolytes in a biphasic system. They found a value log Papp (IP ) ~ -4.2 for the ions pairs of standard electrolytes (e.g., LiCl, NaCl, CaCl2), while log Papp (I) ~ -8.0 for the ionic species such as monovalent cations. Still, the discrimination between ions and ion pairs by experimental or by modeling approaches remains challenging. For this reason, we will consider in a first approach the global distribution of the ionic species of organic compounds, in comparison with other non-ionized species.

By taking into consideration partitioning of both neutral and ionized species, [START_REF] Berthod | Hydrophobicity of Ionizable Compounds. A Theoretical Study and Measurements of Diuretic Octanol-Water Partition Coefficients by Countercurrent Chromatography[END_REF] proposed a description of the partition of ionizable compounds as a function of pH, suitable for describing brönsted acid and basis. The corresponding equation, describing apparent partition coefficient of an acidic compound (HX = H + + X -) is provided as follows:

𝑃 app (𝑋) = [HX] O + [X -] O [HX] W + [X -] W = 𝑃 N +𝑃 -× 10 pH-p𝐾a 1+10 pH-p𝐾a (2)
where Papp stands for the apparent partition coefficient of the compound, including the global distribution of all its species, P N and P -are respectively the partition coefficients of the neutral and anionic species. Analogue equations may be provided for basic, diprotic and amphoteric molecules [START_REF] Carda Broch | Countercurrent Chromatography for the Measurement of the Hydrophobicity of Sulfonamide Amphoteric Compounds[END_REF]), and will be reviewed further.

Chemicals and liquid phases

Partitioning experiments require preparation of an organic and an aqueous phases. In this study, octan-1-ol Emplura® was used as the organic phase. Octanol was pre-equilibrated with water for 48 hours, leading to hydration state ~3.87 ± 0.41% in mass, in agreement with data at room temperature, 21 ± 1°C obtained by [START_REF] Sangster | Octanol-Water Partition Coefficients of Simple Organic Compounds[END_REF]. If not detailed, the term "octanol" mentioned further in the paper corresponds to hydrated octan-1-ol. The water was purified by Milli-Q TM apparatus from Merck (>18 MΩ.cm). The aqueous phase was prepared according to the composition of pH buffer, and completed with 0.1 mol L -1 NaClO4 leading to an ionic strength between 0.2 mol L -1 and 0.3 mol L -1 . The various buffers and corresponding pH were 0.5 mol L -1 HCl (pH = 0.3), 0.1 mol L -1 H3PO4/KH2PO4 (pH = 3.0), 0.1 mol L -1 KH-o-phthalate (pH = 4.0), 0.1 mol L -1 KH2PO4/Na2HPO4 (pH = 7.2), 0.1 mol L -1 NH4Cl/NH3 (pH = 9.1) and 0.3 mol L -1 NaOH/KOH (pH = 13.2). Composition and details of aqueous buffers are gathered for each specific experiment in supplementary data (Table S1, Table S2).

Experiments and analysis

Experiments were performed in controlled-temperature laboratory at T = 21 ± 1°C. Table 1 lists the studied compounds and their properties. Additional structures concerning ionized species are provided in supplementary information Table S6). Each organic compound was dissolved in one of the two solvents, i.e., water or octanol, to the desired concentration and below solubility. Low concentrations, ranging from 8 x 10 -5 mol L -1 to 1 x 10 -1 mol L -1 , were aimed, in order to avoid dimerization of organic solutes, e.g., as observed with aromatic compounds in water [START_REF] Ito | Ultraviolet absorption study of the molecular association of benzoic acid and its derivatives[END_REF]. The two phases were mixed for 48 h to ensure that partition reaches equilibrium before sampling and measurement. A moderate speed of stirring was kept in order to prevent the formation of emulsions. Early kinetics measurements ensured that equilibrium is reached within 6 to 12 hours. Kinetic data is not detailed here, but available in supplementary information (Fig. S1).

After separation of liquid phases, the concentration of organic compounds in both octanol and aqueous phase was analysed. UV-Vis spectroscopy with a Cary 500 (Agilent) was used when possible, e.g., with aromatic compounds. To that aim, reference spectrum and absorbance were quantified for each compounds in pure phases. Corresponding data are provided in supplementary data (Fig. S2) and absorbance values gathered in Table S3. For other compounds (oxalate, iso-phthalate, L-histidine, Ltryptophan), partition was monitored using 14 C and 3 H radiolabeled molecules. The concentrations (mol L -1 ) were calculated from the activity of the source (Bq L -1 ). Activity was measured by liquid scintillation counting on 1 mL samples (Wizard Tri-Carb device) mixed with 4 mL of ultima-gold® scintillation liquid from Perkin Elmer. In all experiments, the total concentration or activity was firstly measured in the injection phase. Corresponding initial concentrations typically varied from 10 -10 M to 10 -6 M. After the partition equilibrium, the concentrations of solutes in each phase were measured and results allowed us to check mass balance and to quantify apparent partition coefficient, following the Equation 1. [START_REF] Berthod | Hydrophobicity of Ionizable Compounds. A Theoretical Study and Measurements of Diuretic Octanol-Water Partition Coefficients by Countercurrent Chromatography[END_REF] proposed formulae for calculating log Papp, using fixed parameters (pH, pKa) and adjusted parameters (log P N and log P I ). Each equation corresponds to a specific type of compound (monoacid/monobasic, diacidic solute, zwitterion/amphoteric compound). Experiments enable the determination of Log Papp at various pH, and these values were used to adjust, with the corresponding equation, the parameters log P N and log P I . The comparison of experimental log P N values with literature data validates the experimental procedure. Values of log P I are rarely available in the literature, and additional new data are then discussed further. The uncertainty of the experimental values has been calculated by the uncertainty propagation method. Considering the data obtained by counting scintillation, the development of the partitioning equation is reported in Equation 3.

Parameters adjustment and uncertainties

𝐷 = a O a W = A O ×V W A W ×V O = A O ×(m W ρ W ) ⁄ A W ×(m O ρ O ) ⁄ (3)
With a the activity in the aqueous or organic phase, expressed in Bq/mL, A the activity of the sample in Becquerel, m the mass measured in g, V the volume of each phase in mL and finally ρ the density in g/L. The uncertainty of each parameters (blank for the activity, uncertainty of the balance for the mass, etc…) is then estimated using Equation 4.

σ = √∑ ( ∂σ(x i ) ∂x i ) ² n i=0 (4) 
Where σ is the uncertainty estimated for each value, xi the various parameters which allow the partition measurement of compounds. Further experimental data are represented with 2σ error bars.

Results and discussion

Generalized behavior of ionizable compounds

Figure 1 illustrates partitioning data, log Papp, as a function of pH for specific compounds. In the case of non-ionizable compounds such as naphthalene, only one neutral species is predominant over a wide range of pH. The experimental value log Papp is then constant as a function of pH and equal to partition value log P of the single species. As the partitioning data for non-ionizable compounds doesn't depend on the pH, modeling associated parameters (e.g. sorption, bioaccumulation, migration) will be more reliable for those compounds.

For ionizable compounds, the apparent partition is usually driven at high and low pH values by the partition of the predominant species. With increasing pH above pKa, the proportion of ionized acidic species increases, e.g., benzoate. Hence, the value log Papp decreases because these ionized species are hydrophilic, i.e., log P -<< log P N . This decrease stops when neutral species become negligible and that partition of ions (or ion pairs) becomes predominant, i.e., log Papp ~ log P -. In Figure 1, the log Papp of benzoic acid reaches a second plateau when pH > 7.2 (i.e., pH-pKa > 3). Above this range of pH, the partition coefficient is driven by ionized species and becomes constant, i.e. it barely depends on pH. Conversely, the cationic (protonated) form of basis, such as benzimidazole, is predominant at acidic pH, leading to low values log Papp ~ log P + . For these bases, the neutral form predominates at high pH, leading to a plateau with higher values log Papp ~ log P N . The difference in lipophilicity between benzimidazole and imidazole highlights the influence of molecule size on partitioning of neutral compounds, i.e. larger molecules with aromatic or aliphatic groups display higher Papp, by one to two order of magnitude and over the whole range of pH. Indeed, these molecules may form more hydrophobic or Van der Walls interactions, leading to higher affinity for the organic phase. This effect might even be enhanced by π-stacking interactions in aromatic solvents. For all these ionizable species, the shift between the two plateaus is related to acid/base equilibrium and can be calculated using pH and pKa values. The values of "higher" plateaus, i.e., for neutral species, are barely depending on other solutes, since speciation of such compounds is almost invariable. Only slight shifts of partition at high concentrations, close to molars ones, may arise because of neutral polymeric solutes (dimers, trimers). On contrary, the values of lower plateaus, i.e., for ionized species, depend on ions speciation and thus are sensitive to the composition of the media, i.e., ionic strength, salinity, etc. Several studies highlighted the dependency between partition of ions pairs and aqueous phase composition, such as the concentration of background electrolytes [START_REF] Avdeef | pH-Metric Log P. Part 1. Difference Plots for Determining Ion-Pair Octanol-Water Partition Coefficients of Multiprotic Substances[END_REF][START_REF] Takács-Novák | Ion-Pair Partition of Quaternary Ammonium Drugs: The Influence of Counter Ions of Different Lipophilicity, Size, and Flexibility[END_REF]. [START_REF] Nowosielski | Experimental Study of Octanol-water Partition Coefficients for2,4,6-Trichlorophenol and Pentachlorophenol: Derivation of an Empirical Model of Chlorophenol Partitioning Behaviour[END_REF] showed log Papp values for the pentachlorophenol at pH = 6 raised from 3.25 to 3.85 when [NaClO4] increased by an order of magnitude. As in our case, pH had no significant effect when the ionized species were the predominant species 30 . The influence of these parameters emphasizes the necessity for care when using data concerning ionized species. The study of these general classes of organic compounds provides insights on their behavior as a function of pH. It encourages further study, on more complex structures, such as the diprotic compounds family assessed in the next section.

Case of polysubstituted carboxylic acids

Carboxylic acids display both lewis and brönsted acid/base properties, allowing the formation of different types of chemical bonds. [START_REF] Repond | Thermodynamics and Mechanism of Partitioning of Pyridylalkanamides in N-Octanol/ Water and Di-N-Butyl Ether/water[END_REF] studied the partitioning of isomeric and homologous pyridylalkanamides, and showed that the solutes able to form internal H-bonds were more lipophilic than the other ones. On the other hand, carboxylic acids can interact with water molecules by intermolecular bonds, which also increases the hydrophilicity [START_REF] Testa | Methods and Principles in Medicinal Chemistry[END_REF]. Moreover, other factors may influence the partitioning of carboxylic acids in a two-phase system, e.g., dimerization, electronic conjugation. The partitioning of these compounds is then difficult to predict, even more for ionic species, potentially pairing with other ions present in solution. Figure 2 presents the partition isotherms log Papp = f(pH). The theoretical curves were calculated using the Equation 5given by [START_REF] Berthod | Hydrophobicity of Ionizable Compounds. A Theoretical Study and Measurements of Diuretic Octanol-Water Partition Coefficients by Countercurrent Chromatography[END_REF] and suitable for dicarboxylic acids:

𝑃 app = 𝑃 N +𝑃 -×10 (pH-p𝐾a1) + 𝑃 2-×10 (2pH-p𝐾a1-p𝐾a2)
1+10 (pH-p𝐾a1) + 10 (2pH-p𝐾a1-p𝐾a2)

(5)

Where P -corresponds to the apparent partition of the monoanionic species, and P 2-refer to the partition of the dianionic species. S1). Reference partition values (grey signs) are reported on Y-axis.

Acetic acid and oxalic acid are small molecules which have similar partition at acidic pH, P N ~ -0.5 ± 0.3. The first carboxylic acid of the oxalic acid is ionized above pH = 1.7, explaining why the affinity of the molecule with the aqueous phase increases drastically. When both acidic groups are ionized, the presence of two carboxylates and the absence of methyl chain increases the hydrophilicity of the oxalate in comparison with acetate, displaying one carboxylate and one methyl chain. This leads to a much lower plateau for oxalate as shown in Figure 2. This shows, as explained in the theoretical part, that the addition of carboxylic groups tends to decrease the log Papp of molecules over the whole pH range.

The structures of benzoic acid and salicylic acid differ only in the additional presence of a hydroxyl group for the salicylic acid. At acidic pH, salicylic acid is more hydrophobic than the benzoic acid. Due to a lower pKa, the affinity of salicylic acid for water becomes stronger than that of benzoic acid in a narrow range of pH, i.e., between pH = 4 and 7, until the complete ionization of both compounds. The plateau of salicylic acid at basic pH shows that the ionized salicylate is still more lipophilic than the benzoate species. The presence of hydroxyl group in ortho position for the salicylate acid allows the formation of intramolecular bond between this group and the carboxylic one. The delocalisation of the negative charge leads to weaker interactions with the solvating water molecules, thus inducing a stronger affinity with the octanol phase [START_REF] Reymond | Charge and delocalisation effects on the lipophilicity of protonable drugs[END_REF]. The second ionization of the salicylate (pKa = 13.6) increases the hydrophilicity of the molecule, as observed on the curve at highest pH with a slight decrease above pH = 13. 1), using Equation 5. Theoretical values are reported on Y-Axis. Ortho-phthalic acid and iso-phthalic acid are isomers of position, respectively with (1,2) and (1,3) positions of the carboxylic groups on the aromatic ring. Similar partition coefficients are measured for the benzoate (log P I app(benzoate) ~ -1.95 ± 0.21) and iso-phthalate (log P I app(iso-phthalate ~ -1.96 ± 0.10) ionized species. Surprisingly, the presence of a second carboxylic group and two negative charges for isophthalate barely affects the partitioning. The main difference between the partitions of isophthalate and benzoate comes from the different pKa, which affects the concentration range of the pH-edge on the curves. Concerning ortho-phthalic acid, the compound displays two neighbouring carboxylic groups. As compared to other isomers, ortho-phthalic acid facilitates the formation of intramolecular H-bonding. [START_REF] Tsantili-Kakoulidou | Structural Effects in the Lipophilicity of Di-and Polysubstituted Benzenes as Measured by Reversed-Phase High-Performance Liquid Chromatography[END_REF] studied partitioning of several disubstituted isomers of benzene. They showed the existence of both positive ortho-effect (i.e., ortho isomer is less lipophilic than other isomers), and negative ortho-effect (ortho isomer is more hydrophilic than the other isomers). The negative ortho-effect may come from different factors, e.g., steric or shielding effects, but are not fully described in the literature [START_REF] Charton | Nature of the Ortho Effect. VII. Nuclear Magnetic Resonance Spectra[END_REF][START_REF] Fujita | The Analysis of the Ortho Effect[END_REF]. Negative ortho-effect seems to appear for compounds displaying intramolecular hydrogen bonding with seven-membered ring motif. This pattern undergoes steric repulsion which prevents the planarity of the solute and blocks the resonance-assisted for hydrogen bonding [START_REF] Kuhn | Intramolecular Hydrogen Bonding in Medicinal Chemistry[END_REF]. Such intramolecular hydrogen bonding may arise for o-phthalic acid, explaining why it is more hydrophilic than its position isomers.

Conversely, Tsantili-Kakoulidou et al. (1987) showed that the isomers of salicylic acid display a positive ortho effect, which is well illustrated by the possible formation of intramolecular hydrogen bonding through a six membered ring of salicylic acid on the Figure 3. [START_REF] Bouchard | Lipophilicity and solvation of anionic drugs[END_REF] came to the same conclusion concerning the partitioning of nitrophenol and its isomers. The results in Table 1 provide new and complementary data concerning the ortho effect of the benzoic acid derivatives. Such data may help assessing the behavior of phthalates derivatives and degradation products in soils [START_REF] Otton | Biodegradation of mono-alkyl phthalate esters in natural sediments[END_REF]. For example, similar data allowed to evidence some correlations between the hydrophilicity of organic anions (Papp I ) and their retention on clay minerals [START_REF] Dagnelie | Diffusion of organic anions in clay-rich media: Retardation and effect of anion exclusion[END_REF][START_REF] Guo | Mobility of organic compounds in a soft clay-rich rock (Tégulines clay, France)[END_REF]. Further analysis is provided in supplementary information regarding substituent constant or ionized groups (Table S4, Figure S3). It may be used as well to estimate lipophilicity of unknown ionized compounds or polymers.

Table 1. Properties and partition coefficients of studied organic compounds. T = 21 ± 1 °C, ionic strength: 0.2 to 0.5 mol L -1 reported in Table S1. Purity of solutes reported in Table S2. [1] [START_REF] Sangster | Octanol-Water Partition Coefficients of Simple Organic Compounds[END_REF], [2] [START_REF] Leo | Partition Coefficients and Their Uses[END_REF]), [3] [START_REF] Pinsuwan | Correlation of Octanol/Water Solubility Ratios and Partition Coefficients[END_REF] Compound Structure pKa Log P THEOR.

Log P EXP.

Reference data

This study Acetic acid 4.76 log P N = -0.17 [1] log P N = -0.26 ± 0.10 log P -= -1.39 ± 0.10 L-Arginine 2.18 log P N = -2.59 [2] log P Z = -1.86 ± 0.20 9.09 log P Z+ = -2.24 ± 0.30 13.2 log P 2+ = -2.42 ± 0.15 log P -= -2.20 ± 0.30 Benzimidazole 5.5 log P N = 1.34 [2] log P N = 1.35 ± 0.08 log P + = -0.94 ± 0.19 Benzoic acid 4.2 log P N = 1.87 [3] log P N = 1.95 ± 0.05 log P -= -1.95 ± 0.21 L-Histidine 2.4 log P N = -2.52 [1] log P -= -2.13 ± 0.20 7.0 9.4 Imidazole 6.97 log P N = -0.08 [1] log P N = -0.10 ± 0.18 log P + = -2.74 ± 0.22 Isophthalic acid 3.54 log P N = 1.66 [2] log P N = 1.69 ± 0.10 4.6 log P -= 0.93 ± 0.30 log P 2-= -1.96 ± 0.10 Naphthalene log P N = 3.35 [1] log P N = 3.08 ± 0.14 o-phthalic acid 2.93 log P N = 0.72 [2] log P N = 0.52 ± 0.14 5.5 log P -= -2.24 ± 0.30 log P 2-= -2.83 ± 0.46 Oxalic acid 1.27 log P N = -0.70 [2] log P N = -0.59 ± 0.26 4.27 log P -= -2.77 ± 0.30 log P 2-= -2.76 ± 0.10 Salicylic acid 2.98 log P N = 2.12 [3] log P N = 2.21 ± 0.05 13.6 log P -= -1.38 ± 0.10 log P 2-= -3.00 ± 0.30 Theophylline 0.54 log P N = -0.02 [1] log P N = 0.01 ± 0.03 8.8 log P -= -2.47 ± 0.10 log P + = -2.62 ± 0.30 L-Tryptophan 2.4 log P N = -1.06 [1] log P N : 0.03 ± 0.30 9.4 log P Z : -1.58 ± 0.30 log P -: -1.07 ± 0.10 log P + : -0.68 ± 0.10

Case of amphoteric compounds

Amphoteric compounds contain both brönsted acidic and basic functions. They can be classified in two categories: ordinary ampholytes and zwitterions. The ordinary ampholytes, such as theophylline, are neutral when pH value ranges between both pKa values. On the contrary, zwitterions, such as Ltryptophan, contains simultaneously both positive and negative charges, and as a corollary are ionized over the whole pH range, even if globally neutral. [START_REF] Berthod | Hydrophobicity of Ionizable Compounds. A Theoretical Study and Measurements of Diuretic Octanol-Water Partition Coefficients by Countercurrent Chromatography[END_REF] proposed a formula for calculating the theoretical log Papp of ampholytes, as defined by Equation 6.

𝑃 app =

𝑃 N/Z +𝑃 + ×10 (p𝐾a1-pH) + 𝑃 -×10 (pH-p𝐾a2) 1+10 (p𝐾a1-pH) + 10 (pH-p𝐾a2) (6) where P N/Z , P + , P -are respectively the partition coefficients of neutral, cationic and anionic species. The notation P I , might also be used for ionized species displaying several charges, e.g., for amphoteric compounds or in presence of several tautomers.

Numerous studies showed the efficiency of such equation for the ordinary ampholytes (Carda Broch and [START_REF] Carda Broch | Countercurrent Chromatography for the Measurement of the Hydrophobicity of Sulfonamide Amphoteric Compounds[END_REF][START_REF] Ràfols | Lipophilicity of Amphoteric and Zwitterionic Compounds: A Comparative Study of Determination Methods[END_REF]. Hence, data for theophylline measured in this study, are satisfactorily described by Equation 6, as illustrated in Figure 4. The experimental value for the neutral species, log P N,EXP. (theophylline) = +0.01 ± 0.03, is in agreement with data from the literature (log P N,THEOR. (theophylline) = -0.02). Experimental data allowed the adjustment of the partitioning of the two other forms of theophylline, cationic and anionic, which was unreported in the literature, to our knowledge. On the other hand, the case of zwitterions is poorly understood and cannot be described by Equation 6. Indeed, the first term P N/Z accounts for the non-ionized neutral form in the case of the ordinary ampholytes, while it accounts also for the di-ionized form (zwitterion: Z +-) for the second type of ampholytes. Despite a neutral total charge, a zwitterion is yet a "multi-ionized" species.

The high polarity of zwitterion induces hydrophilic properties, i.e., log P +-< 0, similar to ions and ion pairs. In addition, this major form (Z +-) may be in equilibrium with minor tautomeric form (Z), which is indeed non-ionized. Thus, the two tautomers, i.e., ionized and non-ionized species, may have rather different partition coefficient and both contribute to the log Papp, depending on their relative amount. In analogue systems, [START_REF] Colaizzi | pH-Partition Behavior of Tetracyclines[END_REF] supposed a partition due to the zwitterion based on experiments with tetracycline analogue. They considered that tetracycline is ionized at all pH values, and that the positive and the negative charges of the zwitterionic form (Z +-) nullify each other by intramolecular interactions. This explains why at neutral pH the apparent partition coefficient is significantly greater than at low or high pH value. However, in the case of niflumic acid derivatives [START_REF] Mazák | Lipophilicity of Zwitterions and Related Species: A New Insight[END_REF] or L-phenylalanine [START_REF] Purich | pH-Partition Behavior of Amino Acid-Like β-Lactam Antibiotics[END_REF] a partition driven by neutral tautomers was evidenced. In a similar study, [START_REF] Takács-Novák | Lipophilicity of Amphoteric Molecules Expressed by the True Partition Coefficient[END_REF] measured the partition of B6 vitamin between octanol and water. They observed UV-Vis spectra of ionized species in the aqueous phase, while the spectrum of the non-ionized neutral form arised in octanol. In summary, zwitterion displays a rather different partition behavior than other amphoteric compounds and hypothesis on which species drives the partition (major ionic form or minor neutral tautomers) requires careful attention. In our case, experiments with L-tryptophan and L-histidine showed rather flat partition isotherm curves. However, these seemingly constant values, only traduce the fact that the modification of speciation, i.e., the formation of zwitterion and minor tautomer, is partially compensated by the higher partition coefficient of minor compounds, leading to low variation of Papp. Still, a small increase of log Papp(L-tryptophan) is observed around pH 4-6. This increase is in apparent contradiction with the simultaneous ionization of all groups, likely indicating a key role of other tautomers. The values of the microscopic acid-base equilibrium constants of the L-tryptophan were taken from [START_REF] Farhangi | Surfactant Effects on Tautomeric and Microscopic Equilibria of Tryptophan: Experimental and Theoretical Studies[END_REF] and reported in Table S5. These values allow for the determination of the speciation's diagram of the compound, showed in Figure 5. Basically, the zwitterion species of L-tryptophan are differentiated in the neutral (P N ) and ionized form (P Z ), and the theoretical curve was determined following the Equation 7 below.

𝑃 app =

𝑃 N +𝑃 Z ×K z +𝑃 + ×10 (p𝐾a1-pH) + 𝑃 -×10 (pH-p𝐾a2) 1+K z +10 (p𝐾a1-pH) + 10 (pH-p𝐾a2) (7) where P N corresponds to the neutral form of the zwitterion, P Z to the ionized form, and KZ the corresponding tautomerization constant. This equation allowed the adjustment of the partitioning parameter for all the species, as the value obtained for the ionized zwitterionic form, log Papp (L-Trp-H +- ) ~ -1.58 ± 0.30. This result seems in agreement with the structure of the molecule indicating a weakly hydrophilic compound. The nitrogen is a hydrogen bond donor, which can form intramolecular bond with the carboxylic group. This leads to the formation of five ring membered, which is favoured [START_REF] Kuhn | Intramolecular Hydrogen Bonding in Medicinal Chemistry[END_REF]. The partition coefficient of the neutral and non-ionized form of the L-tryptophan, log Papp (L-Trp-H 0 ) ~ 0.03 ± 0.30, is in good agreement with previous observations. This value is close to that of theophylline, whose structure is also composed of several hydrogen bonding donor and acceptor. Those functions allowed molecules to interact with water, thus increasing their affinity for the aqueous phase. The determination of the partition coefficient of all the species allowed us to determine the proportion of species in each phase as shown in Figure S4. Although the di-ionized zwitterion, L-Trp-H +-, is the predominant species in aqueous solution over a wide range pH. The higher lipophilicity of its nonionized tautomer L-Trp-H 0 , induces that this later species is the predominant species in octanol and thus drives the value of log Papp of the compound. In the case of L-histidine, we did not find enough data in the literature in order to model the speciation diagram. The triprotic amino acid displays 3 pKa values (2.94, 7.00 and 9.40), leading to the existence of at least 6 species, as illustrated in Figure 6. We assumed that the molecule has the same behavior as L-tryptophan, meaning that the ionized species display a low partition coefficient. Yet, in absence of neutral tautomers, these species lead to a global log Papp around -2 over the entire pH range, as shown in Figure 6. The study of the imidazole compound in the first section allowed us to observe the effect of pH on the lipophilicity of the compound in the neutral (log P N = -0.10 ± 0.18) and cationic form (log P + = -2.74 ± 0.22). The difference in lipophilicity between the two forms, of about 2.64 unit log, surprisingly does not play a role in the partitioning of the cationic form of histidine. The presence of the carbonyl group, which has a partially negative charge, should probably stabilize the positive charge of the imidazole group, leading to an increase in lipophilicity. This charge interaction between amino acids is well documented in the literature and assumed to stabilize the structure of proteins [START_REF] Smith | α-Helix Formation: Discontinuous Molecular Dynamics on an Intermediate-Resolution Protein Model[END_REF][START_REF] Sali | Stabilization of protein structure by interaction of α-helix dipole with a charged side chain[END_REF]. Even when the neutral form of the zwitterion is weakly present, its high lipophilicity may have a major effect on the apparent partition coefficient of the molecule at the relevant pH. Hence, the previous formula for amino acid [START_REF] Berthod | Hydrophobicity of Ionizable Compounds. A Theoretical Study and Measurements of Diuretic Octanol-Water Partition Coefficients by Countercurrent Chromatography[END_REF] should be used cautiously since the partition of the neutral and the ionic zwitterion has to be taken into account.

L-arginine is part of the same amino acid family than histidine, i.e. with the brönsted base positioned on the side chain. However, the basicity of the side chain of histidine is stronger than that of its amine group, unlike arginine. This leads to an ionization of the guanidine group over a wider pH range, and thus a different speciation than for histidine. Moreover, the guanidine group can reconfigure itself by proton exchange with another nitrogen atom within the group [START_REF] Rak | Low-Energy Tautomers and Conformers of Neutral and Protonated Arginine[END_REF]. Tautomerization of guanidine is not considered in this study. The protic exchange between guanidine, carboxylic acid and amine groups is considered in the speciation of the compound. These exchanges allow the molecule to exist in the form of 8 different species, which microspeciation constants have been calculated [START_REF] Orgovan | The complete microspeciation of arginine and citrulline[END_REF]. These data allowed us to calculate the speciation of L-arginine from pH 0 and up to 14, results being presented in the Figure 7. Four major species play a role in the partition of the molecule, and require the development of a new formula (Equation 8) for this trivalent zwitterion.

𝑃 app = 𝑃 Z+ +𝑃 2+ ×10 (p𝐾a1-pH) +P Z ×10 (pH-p𝐾a2) + 𝑃 -×10 (2pH-p𝐾a2-p𝐾a3) 1+10 (p𝐾a1-pH) +10 (pH-p𝐾a2) +10 (2pH-p𝐾a2-p𝐾a3) (8) 
Where P Z+ refers to the partition of the whole ionized species, P 2+ when the amino and guanidine groups are ionized, P Z corresponds to the partition of the zwitterion, which is the simultaneous ionization of the carboxylic and guanidine group and finally P -corresponds to the partition of species with an ionized carboxylic group. The formula allowed to adjust the partition coefficient values of each species, and the theoretical curve of the partitioning of the molecule on the whole pH range. Lipophilicity of the zwitterionic species, log P Z (RNH3-COO -) = -1.86 ± 0.20, is higher than that of other species. Even if the species is di-ionized, interaction between protonated guanidine and carboxylate stabilizes the compounds, thus increasing its transfer into the organic phase. Ionization of the two basic group leads to the most hydrophilic species with log P 2+ = -2.42 ± 0.15 since no anionic group can stabilize the charge. [START_REF] Yunger | Measurement and Correlation of Partition Coefficients of Polar Amino Acids[END_REF] reported an experimental value for the lipophilicity of the arginine at pH = 7 with 10 -2 mol L -1 of phosphate buffer, of log Papp = -4.08, much lower from our experiments. The authors performed three serial extractions with octanol to ensure that possible impurities in the source would not alter the measured partition coefficient. We then performed an additional extraction on the extracted aqueous sample at pH = 9 to verify the variability of the partition coefficient. The lipophilicity of the second extraction rank (log Papp = -2.44) was lower compared to the first extraction (log Papp = -2.01). Still this difference is not significant regarding the uncertainties (-0.3) and may be due to the decomposition of the arginine (⁓5% for 5 months). This result confirms that the measured lipophilicity is not overestimated, compared to the value of [START_REF] Yunger | Measurement and Correlation of Partition Coefficients of Polar Amino Acids[END_REF]. Their experiments are performed with an ionic strength of 10 -2 mol L -1 which is 20 times lower than the present study and may affect the partition values of zwitterion. A dedicated study on the effect of the ionic strength and background electrolytes on the partition coefficient of would then be interesting to estimate more accurately such effects and the variability of partition data.

Table 2.

Comparison between the values measured on the amino acids and the values calculated in [START_REF] Pliska | Partition coefficient of amino acids and hydrophobic parameters π of their side-chains as measured by thin-layer chromatography[END_REF]. Concerning predictive models, different methods are used to determine the lipophilicity of ionized species. [START_REF] Pliska | Partition coefficient of amino acids and hydrophobic parameters π of their side-chains as measured by thin-layer chromatography[END_REF] used the substituent constant π and the partition coefficient measured in a system sec-butanol/0.1 mol L -1 hydrochloric acid to determine the partition coefficient of the uncharged species of arginine, and various species of the tryptophan and histidine (Table 2). The calculated partition coefficients are much lower than those measured in the present study. For the arginine, the charged species (without distinction) have a calculated data log P = -4.23, while a lipophilicity of log P Z = -1.86 ± 0.20 is adjusted or the zwitterionic species. In the case of the histidine, the absence of the microconstant values of the species prevents the adjustment of the partition coefficient. The value estimated at pH = 7 for the model is log Papp = -3.56, while experimental data at this pH value is log Papp = -2.00 ± 0.18. The partition coefficient of the charged species is lower than all other values measured on the five pH (log Pcalc. < 2 log Pexp.). Finally, for the tryptophan, the partition coefficient calculated for the neutral value (log P N = -1.75) is lower than the experimental measurement (log P N : 0.03 ± 0.30) with a gap of almost 2 log P unit. Hence, the lipophilicity values for the species of amino acids seem rather underestimated. Different interactions must be taken into account in the prediction of these values, in particular the effects of tautomerization of the zwitterion species, which can occur with the amine group or with the side chain. The complexity of these molecular structures makes such estimations complicated. Still, the gathering of experimental values at different pH would help the assessment of lipophilicity of these compounds. This data would also help investigation on the role of amino acid in the mineralisation, microbial assimilation, and acidification of the soils [START_REF] Sauheitl | Uptake of intact amino acids by plants depends on soil amino acid concentrations[END_REF][START_REF] Rothstein | Effects of amino-acid chemistry and soil properties on the behavior of free amino acids in acidic forest soils[END_REF]. Their migration into soils, altering the nitrogen flux, could also undergo further interpretation using more accurate description of each species [START_REF] Jones | Rapid intrinsic rates of amino acid biodegradation in soils are unaffected by agricultural management strategy[END_REF].

Conclusion

The present study quantifies and reports octanol-water partitioning data for several ionizable organic compounds, including ionized species, from poly-substituted aromatic compounds to zwitterionic amino acids. In most cases, the measurement of partitioning as a function of pH allowed the estimation of partition coefficient of the various species of the compounds at equilibrium in solution and especially charged species. Concerning salicylic and phthalic derivatives, the ortho positive/negative effect could be partially linked to the absence/presence of seven membered motif in hydrogen bonding. Concerning amino-acids, low partition coefficients barely depend on pH, despite significant changes in major ionic species. Speciation calculations highlighted the role of tautomeric neutral forms of zwitterion, which may drive the partition of amino acid at neutral pH.

Overall, these experiments provided new data on the partition of various classes of ionizable compounds over a wide range of pH, which is still scarce in the literature. The partition of organic ionized species were typically in the order of magnitude of log P I ⁓ -2. Such values are quite high compared to the partition of typical inorganic ions (log P I << -3) and partition of organic ions should not be systematically neglected. These experimental data may be useful for the estimation of activity coefficient or brönsted acidity of specific species in octanol. It could also be useful as reference values in the development of predictive models for the calculation of log Papp or hydration state of organic ions. More generally, such organic-to-aqueous phase partition is involved in major mechanisms driving contaminants migration in the environment, soil remediation or biological toxicity. Regarding the partition of ionizable compounds, such data reporting the effect of pH or electrolytes, is crucial in order to describe accurately the species involved in specific physicochemical conditions.

Creation of an epsilon database

The absorbance spectra of the molecules at different pH were measured. These results allowed determining molar extinction coefficient as a function of wavelength. For each molecule at each pH, a minimum of 5 standards were measured by UV-Visible spectroscopy (Cary 60 or 500 from Varian/Agilent). Typical absorbance between 0.005 and 2.1 was measured with an uncertainty (2σ variation with solvent spectra) around 0.02. Major data are provided in Table S3 and spectra of benzimidazole, benzoic acid and theophylline are illustrated in Figure S2. 

Study of the substituent constant π

The method of additivity πX allowed the partitioning calculation of a compound, described by the equation S1 below. 𝜋 𝑥 = log 𝑃 𝑋 -log 𝑃 𝐻 (S1) Where PX is referring to the derivative of the molecule PH, the parent compound; X being the group differentiating the two compounds. πX thus represents the hydrophobic of the studied group.

The substituent constant π for neutral functional group are already provided in the literature [START_REF] Leo | Partition Coefficients and Their Uses[END_REF] and are reported in Table S4. Using Equation 3 and the experimental data of molecule at various pH, π values were estimated for ionized functional groups and results are listed in Table S4. Molecules used for this study are benzoic acid, o-phthalic acid, isophthalic acid, and salicylic acid with benzene (log P N = 2.23) as parent compounds; acetic acid and oxalic acid with methane (log P N = 1.09) as parent compound, and finally L-histidine and L-tryptophan with imidazole and benzimidazole respectively and ethane (log P N = 1.81) as parent compound. To complete the data of the parent compounds, the theoretical values were also used to allow the determination of the calculated one. The calculated π data for functional group is useful for predicting the partition coefficients of compounds, e.g. for synthetic or large organic molecules without available data in the literature. For example, it could be interested to calculate how many carboxylic group need some polymer to be soluble in water. Taking the example of polyvinyl chloride, PVC, whose partition coefficient of the monomer is log P N =1.46. By adding two carboxylic group, the portioning is decrease to -1.26. If the carboxylic group is ionized, only one would be enough to go down to -0.83. Using analogue methodology, it may be possible to estimate the ionization and pH range required to "switch" a polymer with a given fraction of carboxylic functions from a lipophilic to a hydrophilic behavior. Even though this method of calculation does not take into account of the electrostatic and steric effect and may be limited for small molecules or with folded confirmation, it is still useful as a first approach to predict the partition of organic compounds and specific ionized species.

With π data calculated in Table S4, it was possible to calculate the partitioning for some of the compounds studied. Correlation between the calculated partition and the experimental one is presented in Figure S3. While neutral form of molecules not exceed 14% of error, calculated values for ionized species are lower than expected, due to the partition of ions pairs. Concerning the phthalic acid isomers, the neutral form of isophthalic acid is overestimate with the calculations. This results is not surprising since the additivity method do not distinguish the two isomers, it takes into account the raw formula of the molecule. Although it is interesting to assign hydrophobicity values to group, this method is not suitable for the case of ionizable compounds. The isolation of [Trp-H + ] in this equation allows the first term of the system. Same procedure is applied with pk21 for the determination of [Trp-H+-] and pk22 for [Trp-]. [Trp-H] is obtained from mass balance, with its concentration adjusted so that the sum of the four terms is equal to 1. The method was applied at each pH, and the results of the speciation are shown in Figure S4.

Five partition experiments with L-Tryptophan were perform in order to obtain partition coefficient at various pH. These measurements allow the determination, for each pH, of the final concentration in both aqueous and organic phases. With the speciation values determined previously, it was possible to calculate the final concentration of each species in aqueous phase. The partition coefficient of each species allowed the calculation of the final concentration of each species in octanol phase. The results are shown in Figure S4. 

Polysubstitued carboxylic acid Zwitterions

Table S5. Microconstant of L-Tryptophan in water. Taken from [START_REF] Farhangi | Surfactant Effects on Tautomeric and Microscopic Equilibria of Tryptophan: Experimental and Theoretical Studies[END_REF]. 

Microconstant

Fig. 1 .

 1 Fig. 1. Evolution of the apparent partition coefficient of benzoic acid, imidazole, benzimidazole and naphthalene as function of equilibrium pH. Solid lines represent theoretical partition coefficients calculated with Equation 2 for acids. Signs represent experimental values. T = 21 ± 1°C, Ionic strength: I.S. ~ 0.2 -0.5 mol L -1 (TableS1). Reference partition values (grey signs) are reported on Y-axis.
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Fig. 2 .

 2 Fig. 2. Apparent octanol-water partition coefficient of polysubstituted carboxylic acids as a function of pH. Signs: experimental values. Lines: Model with adjusted log P N and log P I (Table1), using Equation5. Theoretical values are reported on Y-Axis.

Fig. 3 .

 3 Fig. 3. Ortho negative and positive effect represented by the formation of intramolecular hydrogen bonding leading respectively to a seven membered ring for the ortho-phthalic acid and a six membered ring for the salicylic acid.

Fig. 4 .

 4 Fig. 4. Speciation and apparent octanol-water partition coefficient of the theophylline, an ordinary amphoteric compound, as a function of pH. Adjusted model calculated with Equation 6. Theoretical values reported on Y-Axis.

Fig. 5 .

 5 Fig. 5. Octanol-water partition coefficient of L-tryptophan (Left Y-axis). Comparison with speciation of the L-tryptophan in the aqueous phase (secondary Y-axis). The adjusted model was determined using the Equation 7. Theoretical value reported on Y-Axis.

Fig. 6 .

 6 Fig. 6. Evolution with pH of the octanol-water apparent partition coefficient of L-histidine. Theoretical value reported on Y-Axis.

Fig. 7 .

 7 Fig. 7. Evolution of the partition coefficient of the L-Arginine and its speciation as a function of pH. Major arginine species labelled [Arg]X, with X corresponding to the ionization of the carboxylate group O-, amine A+, or guanidine group G+.

  68 < log P (charged) < -1,58 log P (charged) = -2.41

Fig. S2 .

 S2 Fig. S2. Absorbance spectra at various pH for the B: benzimidazole, AB: benzoic acid, TP:theophylline.

Fig. S3 .

 S3 Fig. S3. Comparison between experimental and calculated partition coefficients for polysubstituted carboxylic acid and zwitterions.

  Fig. S4. Speciation of L-tryptophan species in the aqueous and in the octanol phase as a function of pH.

  

  

  

  

Table S4 .

 S4 Data of functional group

		π THEOR.		π CALC.	
	Functional group	Arom.	π THEOR. Alip.	Arom.	π CALC. Alip.
	COOH	-0.28	-0.67	-0.10	-1.15
	COO-			-2.92	-2.72
	OH	-0.67	-1.16	-0.10	
	O-			-1.71	
	NH2	-1.23	-1.19		-1.32
	NH3+				-0.28

 S1. Composition of the buffers Table S2. Purity of the solutes Table S3. Data of compounds in UV spectroscopy Table S4. Data of functional group Table S5. Microconstant of L-Tryptophan in water. Table S6. Partition coefficient of the ionizable compounds 

Experimental determination of kinetic

Experiments for the determination of kinetics were performed according to the described procedure in materials and method. The aqueous phase is injected in a circuit with a spectrometry cell, allowing a continuous monitoring of the compound's concentration in this phase. Two experiments were performed to compare the kinetics according to the addition of the solute in the aqueous or organic phase, for 6 hours, with a concentration about 8.10 -5 M of theophylline.

The results of these experiments are shown in Figure S1. The equilibrium of the partition is assumed when the absorbance is equal to 99% of the plateau. For the injection in the octanol, equilibrium is reached at 205 minutes, against 250 minutes in the water. Thus, our experimental setup requires around 4 hours in order to reach partitioning equilibrium satisfactorily.