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Introduction

Widely used in industry conventional solvents are usually not safe because of their toxicity, volatility and flammability [START_REF] Patnaik | A Comprehensive Guide to the Hazardous Properties of Chemical Substances[END_REF]. Therefore, there is a search for chemical alternatives that can at least minimize risks and environmental impact. One of the solutions to this problem is an implication of a new class of compounds instead of ordinary solvents. These non-conventional solvents are salts, consisting of discrete ions, with a melting point below 100 °C [START_REF] Endres | Air and water stable ionic liquids in physical chemistry[END_REF]. Despite the very broad definition of this class of compounds, there is a big fraction of them with a melting point below room temperature, what explains a commonly used term ionic liquids. Unique chemical and physical properties of these salts such as negligible vapor pressure, non-flammability and low toxicity attract investigators and initiate studies on the ionic liquids (ILs) behavior in different areas of science and technology [START_REF] Handy | Applications of ionic liquids in science and technology[END_REF]. In particular, the ionic liquids are considered in chemistry for analytes separation due to successful and beneficial substitution of conventional solvents [START_REF] Han | Recent Applications of Ionic Liquids in Separation Technology[END_REF]. Unfortunately, even hydrophobic ILs have a tendency of slight solubility in the aqueous phase. It must be noted that the ILs hydrophobicity is mainly depends on the fluorinated or fatty acid anions [START_REF] Watanabe | Distribution of a Monovalent Anion in Various Ionic Liquid/Water Biphasic Systems: Relationship of the Distribution Ratio of Picrate Ions with the Aqueous Solubility of Ionic Liquids[END_REF][START_REF] Parmentier | Selective Extraction of Metals from Chloride Solutions with the Tetraoctylphosphonium Oleate Ionic Liquid[END_REF][START_REF] Parmentier | A mechanism for solvent extraction of first row transition metals from chloride media with the ionic liquid tetraoctylammonium oleate[END_REF] with some respect to long chains of tetraalkylammonium-or tetraalkylphosponium cations [START_REF] Parmentier | Selective Extraction of Metals from Chloride Solutions with the Tetraoctylphosphonium Oleate Ionic Liquid[END_REF][START_REF] Parmentier | A mechanism for solvent extraction of first row transition metals from chloride media with the ionic liquid tetraoctylammonium oleate[END_REF][START_REF] Sobekova Foltova | Samarium/cobalt separation by solvent extraction with undiluted quaternary ammonium ionic liquids[END_REF]. It was found that the ILs solubility expectedly grows with increase of the aqueous phase acidity [START_REF] Mazan | Experimental connections between aqueous-aqueous and aqueous-ionic liquid biphasic systems[END_REF]. Also authors [START_REF] Gaillard | Acid extraction to a hydrophobic ionic liquid: the role of added tributylphosphate investigated by experiments and simulations[END_REF] stated that several mineral acids are extracted into the 2 ionic liquid phase. Thus, understanding of the ILs solubility and the acid extraction is important to control the ILs behavior, their loss in aquatic systems and regeneration. In the meanwhile a search of hydrophobic ionic liquids with close to negligible solubility in the aqueos phase is a challenging task of nowadays chemical community [START_REF] Freire | An overview of the mutual solubilities of water-imidazolium-based ionic liquids systems[END_REF][START_REF] Dupont | Overview of the Effect of Salts on Biphasic Ionic Liquid/Water Solvent Extraction Systems: Anion Exchange, Mutual Solubility, and Thermomorphic Properties[END_REF]. This paper is mainly focused on a set of aprotic imidazoliumand pyrrolidinium-based ionic liquids and protic betainium one with a common bis(trifluoromethanesulfonyl)imide counter ion. Such ionic liquids were extensively employed in extraction procedures of metals from hydrochloric acid media [START_REF] Kubota | Extraction and Separation of Pt and Pd by an Imidazolium-Based Ionic Liquid Combined with Phosphonium Chloride[END_REF][START_REF] Papaiconomou | Selective extraction of gold and platinum in water using ionic liquids. A simple two-step extraction process[END_REF][START_REF] Papaiconomou | Extraction of iridium(IV) from aqueous solutions using hydrophilic/hydrophobic ionic liquids[END_REF][START_REF] Davris | Leaching of rare earth elements from 'Rödberg' ore of Fen carbonatite complex deposit, using the ionic liquid HbetTf2N[END_REF].

We specifically pay attention to thallium behavior. It was shown that high-tech industries need this metal for LCDs manufacturing [START_REF] Souada | Extraction of indium-tin oxide from end-of-life LCD panels using ultrasound assisted acid leaching[END_REF][START_REF] Mortada | A cloud point extraction procedure for gallium, indium and thallium determination in liquid crystal display and sediment samples[END_REF] and it is also important for environmental protection [START_REF] Belzile | Thallium in the environment: A critical review focused on natural waters, soils, sediments and airborne particles[END_REF][START_REF] Miyazaki | Distribution of indium, thallium and bismuth in the environmental water of Japan[END_REF].

Thallium is known to be highly toxic and biogeochemically mobile metal [START_REF] Rodriguez-Mercado | Genetic toxicology of thallium: a review[END_REF]. Thus, its content in environmental systems has to be strongly regulated. The maximum thallium contamination level in drinking water is set to be 2 g/L [START_REF] Lee | Distributions and Concentrations of Thallium in Korean Soils Determined by Single and Sequential Extraction Procedures[END_REF]. It is known that the IL constituents are responsible for the metal extraction [START_REF] Escudero | Sensitive determination of thallium species in drinking and natural water by ionic liquid-assisted ion-pairing liquid-liquid microextraction and inductively coupled plasma mass spectrometry[END_REF][START_REF] Nadiki | Ionic liquid ultrasound assisted dispersive liquidliquid/micro-volume back extraction procedure for preconcentration and determination of ultra trace amounts of thallium in water and biological samples[END_REF][START_REF] Popa | Use of styrene-divinylbenzene grafted with aminoethylaminomethyl groups and various ionic liquids in the removal process of thallium and strontium[END_REF][START_REF] Lupa | Ionic liquids impregnated onto inorganic support used for thallium adsorption from aqueous solutions[END_REF][START_REF] Negrea | Thallium removal through adsorption onto ionic liquidimpregnated solid support: influence of the impregnation conditions[END_REF][START_REF] Čubová | Extraction of thallium and indium isotopes as the homologues of nihonium into the ionic liquids[END_REF]. Therefore, the goal of this work is to develop a mathematical model that is applicable to experimental data on different ionic liquids solubility in hydrochloric acid solutions with an ability to estimate both the acid and the metal extraction into the organic phase.

Experimental

Chemical reagents

All chemicals were reagent grade and used without additional purification unless noted otherwise. Aqueous solutions were prepared using deionized water (from an ELGA PURELAB DV25) with a resistivity of 18.2 M cm. High purity grade (99.5%) ionic liquids, 1-alkyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide (henceforth indicated as [C n mim][Tf 2 N], where n = 2, 4, 6, and 8), Npropyl-N-methylpyrrolidinium bis(trifluoromethanesulfonyl)imide ([C 3 C 1 pyrr][Tf 2 N]) were purchased from Solvionic (Toulouse, France). The chemical structures of the ionic liquids considered in the present work, along with the shorthand notation used to represent them, are depicted in Fig. 1. 

N-methyl-N-propylpyrrolidinium [C 3 C 1 pyrr + ] N - S O O S O O CF 3 F 3 C Betainium [Hbet + ] N N + R

Radioisotopes

Some experiments utilized radionuclides for analysis. Carrier-free thallium-201 (half-life 3.04 d, 70.8 keV X-ray, 46% intensity) medical radioisotopes was purchased from Mallinckrodt (St. Louis, Missouri, USA). The production methods is 203 Tl(p,3n) 201 Pb → 201 Tl. Thallium chloride is in 0.9 % (w/v) sodium chloride and preserved with 0.9 % (v/v) benzyl alcohol. The activity was detected using a PerkinElmer NaI automated gamma-counter.

Thallium oxidation state

The thallium oxidation state in the 201 Tl stock solution was assigned to +1 according to our previous work [START_REF] Tereshatov | Resin Ion Exchange and Liquid-Liquid Extraction of Indium and Thallium from Chloride Media[END_REF]. Chlorine water was used in order to maintain the highest thallium oxidation state (+3) during the experiments with radioactive thallium.

An aqueous stock solution of stable Tl(III) was prepared by dissolving a given quantity of TlCl 3 •H 2 O salt in 0.5 M HCl. The metal extraction experiments were carried out with minimal delay in order to avoid Tl(I) formation in the solution.

Analytical procedure

The hydrophobic aprotic ionic liquids were dried prior to use under vacuum following a previously published procedure [START_REF] Billard | Reactivity Towards Europium(III) of the Radiolysis Products of the Ionic Liquid 1-Methyl-3-butyl-1H-imidazolium Bis[(trifluoromethyl)sulfonyl]amide (C 4 -mimTf 2 N) and Effect of Water: A TRLFS (Time-Resolved Laser-Induced Fluorescence Spectroscopy) Preliminary Study[END_REF]. The content of residual water was less than 0.03 wt%. The hydrochloric acid solutions were prepared by diluting concentrated HCl with deionized water to the desired concentration.

The metal distribution ratio measurements were performed by a standard liquid-liquid extraction technique. Generally, equal volumes of IL and aqueous phase (0.5 mL) were placed into plastic tubes. The corresponding IL masses were calculated using the known density of ionic liquids and were taken precisely by weighing. The aqueous acidic solution of Tl(III) was added into the tube using an Eppendorf Research precision pipette. The biphasic samples were vigorously mixed for 5 min at 3000 rpm on a mechanical shaker (VWR Signature digital vortex mixer). After a given shaking time, the samples were centrifuged for 1 min at 4400 rpm (Eppendorf model 5702) in order to promote the phase separation. Then, aliquots of each phase were taken for further analysis.

All measurements in this study were performed at room temperature (23 ± 2°C).

NMR measurements

The NMR spectra were collected with a Bruker AVANCE I 300 MHz spectrometer with a 5 mm PABBO BB-1H/D Z-GRD probe at 25°C under analytical conditions.

The deutero-hydrochloric solutions were prepared by diluting concentrated DCl with deuterium oxide to the desired concentration. The substitution of hydrogen atoms by deuterium in hydrochloric acid and water should not result in a significant change of the studied chemical behavior of these compounds [START_REF] Anicich | Deuterium exchange in the systems of H 2 O + /H 2 O and H 3 O + /H 2 O[END_REF].

The experimental protocol for quantitative proton ( 1 H) nuclear magnetic resonance (NMR) measurements of [C n mim][Tf 2 N] component ions in aqueous nitric acid solutions was described in detail in our previous article [START_REF] Mazan | Experimental connections between aqueous-aqueous and aqueous-ionic liquid biphasic systems[END_REF]. However, the 1 H NMR measurements procedure needed to be adapted for the present study. In the case of [C 3 C 1 pyrr + ] cations, the CH 3 group (δ H 3.03 ppm) and pyrrolidinium ring (δ H 2.20 ppm) proton signals overlap with sodium citrate (δ H 2.4 ppm to 2.8 ppm) proton signals, and that can lead to errors in quantitative measurements. The sodium citrate salt is generally used as an internal standard for [C n mim + ] cations [START_REF] Mazan | Experimental connections between aqueous-aqueous and aqueous-ionic liquid biphasic systems[END_REF]. Thus, another internal standard, which provides a good proton resolution, namely maleic acid (δ H 6.4 ppm), was chosen for the determination of [C 3 C 1 pyrr + ] concentration in the aqueous DCl solutions. The detection limits for [C n mim + ] and [C 3 C 1 pyrr + ] ions were in the range of 1-2 mM. Also, it is known that the longitudinal relaxation time (T 1 ) depends on the physicochemical properties of the samples such as viscosity, density, mineral acid nature, and ionic strength [START_REF] Pauli | Quantitative 1 H NMR: Development and Potential of a Method for Natural Products Analysis[END_REF]. Therefore, T 1 relaxation times were measured for the aqueous phases prepared by contacting ILs with D 2 O or 10 M DCl. Then, the T 1 values obtained were applied for all samples characterized in this work in order to provide the optimal analytical conditions for the NMR quantitative measurements in DCl media.

Results and Discussion

Aqueous solubility of ionic liquids

The hydrophobic ionic liquids are still slightly soluble in the aqueous phase and this process affects the extraction of the desired species [START_REF] Tereshatov | Thallium Transfer from Hydrochloric Acid Media into Pure Ionic Liquids[END_REF][START_REF] Mazan | Mutual solubility of water and hydrophobic ionic liquids in the presence of hydrochloric acid[END_REF]. The influence of the aqueous phase acidity on the solubility of both protic and aprotic types of the ILs was investigated in the 0 -10 M HCl range.

All six considered ILs are Tf 2 N --based, so protonation of this anion in the acidic media must be taken into account

𝐇 + 𝐚𝐪 + 𝐓𝐟 𝟐 𝐍 - 𝐚𝐪 ⇄ 𝐇𝐓𝐟 𝟐 𝐍 𝐚𝐪 (1) 
The dissociation constant of a newly formed HTf 2 N acid, K a HTf 2 N , is known from literature [START_REF] Katsuta | Extraction of Gold(III) from Hydrochloric Acid into Various Ionic Liquids: Relationship between Extraction Efficiency and Aqueous Solubility of Ionic Liquids[END_REF] and at room temperature is equal to 0.70 ± 0.04 mol dm -3 .

Only one cation among considered in this work, the protic Hbet + , undergoes deprotonation in the aqueous phase according to

Hbet + aq ⇄ H + aq + bet aq (2) 
The corresponding dissociation constant, K a Hbet + , is also known [START_REF] Mori | Syntheses and Physical Properties of Novel Betainium-type Ionic Liquids Derived from Amino Acids[END_REF][START_REF] Zhang | Hydrogen-Bonding-Driven Ion-Pair Formation in Protic Ionic Liquid Aqueous Solution[END_REF] and the average value at room temperature based on literature data is (1.12 ± 0.10)10 -2 mol dm -3 .

Figure 2 shows the cations' solubility of corresponding ILs in HCl media. It is evident that the IL cation concentration increases with increasing aqueous phase acidity. articles [START_REF] Mazan | Mutual solubility of water and hydrophobic ionic liquids in the presence of hydrochloric acid[END_REF][START_REF] Volia | Effect of aqueous hydrochloric acid and zwitterionic betaine on the mutual solubility between a protic betainium-based ionic liquid and water[END_REF][START_REF] Tereshatov | Hydrophobic polymerized ionic liquids for trace metal solid phase extraction: thallium transfer from hydrochloric acid media[END_REF]. The lines are the results of fitting according to eqs. 12 and 13, respectively.

It was found that in concentrated HCl solutions chloride anions can be transferred to the organic phase [START_REF] Volia | Effect of aqueous hydrochloric acid and zwitterionic betaine on the mutual solubility between a protic betainium-based ionic liquid and water[END_REF] due to partial extraction of HCl according to the following equation:

HCl aq ⇄ HCl org , (3) 
where [HCl] org = K ex_HCl  [HCl] aq = K ex_HCl  [Cl -] aq . Thus, recombination between ILs' and extracted acid ions should be taken into account and another chemical reaction in the organic phase is:

[C][Tf 2 N] org + HCl org ⇄ [C]Cl org + HTf 2 N org ( 4 
)
where C is any cation of ILs. This reaction leads to formation of a hydrophilic [C]Cl salt that will be partially back-extracted into the aqueous phase according to:

[C]Cl org ⇄ [C + ] aq + Cl - aq , (5) 
where

[C]Cl org = [C + ] aq • [Cl -] aq /K b_ex_[C]Cl .
Thus, the charge balance of the aprotic IL solubility at any given HCl concentration is based on HTf 2 N formation, HCl extraction and [C]Cl back-extraction:

[C + ] aq -[Tf 2 N -] aq = [HTf 2 N] aq + K ex_HCl  [Cl -] aq + [C + ] aq • [Cl -] aq /K b_ex_[C]Cl , (6) 
The only protic IL in this work is [Hbet][Tf 2 N] and the charge balance in this case should also take the cation deprotonation into account:

[Hbet + ] aq -[Tf 2 N -] aq = [HTf 2 N] aq -[bet] aq + K ex_HCl  [Cl -] aq + [Hbet + ] aq • [Cl -] aq /K b_ex_[Hbet]Cl , (7) 
The solubility product in case of aprotic ILs is therefore:

K sp 𝑎 = [C + ] aq • ([Tf 2 N -] aq + [HTf 2 N] aq ) = [C + ] aq • [Tf 2 N -] aq • (1 + [H + ] aq K a HTf 2 N ), (8) 
If protic IL is used, for example [Hbet][Tf 2 N], then:

K sp 𝑝 = ([Hbet + ] aq + [bet] aq ) • ([Tf 2 N -] aq + [HTf 2 N] aq ) = [Hbet + ] aq • (1 + K a Hbet + [H + ] aq ) • [Tf 2 N -] aq • (1 + [H + ] aq K a HTf 2 N ), (9) 
Then combinations of corresponding charge balance and solubility product equations result in quadratic expressions:

(1 -

[Cl -] aq K b_ex_[C]Cl ) • [C + ] aq 2 -K ex HCl  [Cl -] aq • [C + ] aq -K sp 𝑎 = 0 (10) 
and

(1 - [Cl -] aq K b_ex_[Hbet]Cl + K a Hbet + [H + ] aq ) • [Hbet + ] aq 2 -K ex HCl  [Cl -] aq • [Hbet + ] aq - K sp 𝑝 1+ K a Hbet + [H + ] aq = 0 (11) 
with the following solutions:

[C + ] aq = K ex_HCl  [Cl -] aq +√(K ex_HCl  [Cl -] aq ) 2 +4•K sp 𝑎 •(1- [Cl -] aq K b_ex_[C]Cl ) 2•(1- [Cl -] aq K b_ex_[C]Cl ) (12) 
and

[Hbet + ] aq = K ex_HCl  [Cl -] aq +√(K ex_HCl  [Cl -] aq ) 2 +4•K sp 𝑝 •(1- [Cl -] aq K b_ex_[Hbet]Cl + K a Hbet + [H + ] aq ) (1+ K a Hbet + [H + ] aq ) ⁄ 2•(1- [Cl -] aq K b_ex_[Hbet]Cl + K a Hbet + [H + ] aq ) (13)
The sign before the radical must be positive in order to eliminate non-physical values. It can be seen that eqs. 12 and 13 are functions with 3 unknown constants; they can be found by fitting the experimental data in Fig. 2 and using the empirically determined relationship [Cl -] aq = 𝑓([H + ] aq ). The results of the fitting are given in Table 1. Also this table contains the solubility product constants estimated experimentally by dissolving given ILs in pure water (see eqs. 8 and 9).

Table 1

Extraction constants along with calculated and experimentally measured solubility products for six ionic liquids. (2.21 ± 0.25)10 -6

a data taken from our previous paper [START_REF] Volia | Effect of aqueous hydrochloric acid and zwitterionic betaine on the mutual solubility between a protic betainium-based ionic liquid and water[END_REF] As can be seen, the experimentally measured and mathematically estimated values of solubility product constants for considered ionic liquid are in good agreement. Also it is evident that both the solubility product constant and the constant of HCl extraction are inverse the ILs' cation hydrophobicity. , where n = 2, 4, 6, and 8. The imidazolium cation hydrophobicity data are taken from [START_REF] Ranke | Explaining Ionic Liquid Water Solubility in Terms of Cation and Anion Hydrophobicity[END_REF]. The lines are functions with a formula log K = an + b, the fitting parameters a and b are given in Table 2.

It can be seen in Fig. 3 that both experimental and calculated values of corresponding constants can be fitted with a log K = an + b function. One can see also that every two carbon atoms added to the chain attached to the imidazolium ring result in K sp decrease by one order of magnitude and K ex_HCl decrease by a factor of four. The fitted parameters a and b are given in Table 2.

Table 2

The parameters a and b obtained to fit experimental K sp and calculated K ex_HCl values depicted in Fig. 3 as a function of the carbon chain length attached to the imidazolium-based ionic liquids.

Constant a b K ex_HCl -0.286 ± 0.006 -0.948 ± 0.020 K sp exp _H 2 O -0.502 ± 0.010 -1.61 ± 0.05

Tl(III) loading

The extraction capacity of the organic phase can be estimated by the stable metal loading. Figure 4 shows Tl(III) distribution between [C 3 C 1 pyrr][Tf 2 N] and [C 2 mim][Tf 2 N] as a function of metal concentration in a 0.5 M HCl aqueous phase. Using the same principles considered above, eq. 6 must be modified to reflect the presence of stable Tl(III) in the system: [START_REF] Papaiconomou | Selective extraction of gold and platinum in water using ionic liquids. A simple two-step extraction process[END_REF] where ∆[Tl] aq is the difference between the initial and equilibrium thallium concentrations in the aqueous phase. The solution to the corresponding quadratic equation is

[C + ] aq -[Tf 2 N -] aq = [HTf 2 N] aq + K ex_HCl  [Cl -] aq + [C + ] aq • [Cl -] aq /K b_ex_[C]Cl -∆[Tl] aq
[C + ] aq = K ex_HCl  [Cl -] aq -∆[Tl] aq +√(K ex_HCl  [Cl -] aq -∆[Tl] aq ) 2 +4•K sp •(1- [Cl -] aq K b_ex_[C]Cl ) 2•(1- [Cl -] aq K b_ex_[C]Cl ) (15) 
It was shown in our previous articles that both TlCl 4 -and TlCl 5 2-exist in aqueous solutions and only the former one is extracted by the ionic liquids due to ion pair formation process [START_REF] Tereshatov | Thallium Transfer from Hydrochloric Acid Media into Pure Ionic Liquids[END_REF][START_REF] Tereshatov | Hydrophobic polymerized ionic liquids for trace metal solid phase extraction: thallium transfer from hydrochloric acid media[END_REF][START_REF] Volia | Indium and Thallium Extraction into Betainium Bis(trifluoromethylsulfonyl)imide Ionic Liquid from Aqueous Hydrochloric Acid Media[END_REF]. The corresponding reaction is:

C + aq + TlCl 4 - aq ⇄ [C]TlCl 4 org (16) 
where [C]TlCl 4 org = K IP [C + ] aq [TlCl 4 -] aq . Thus, according to a definition of a distribution ratio, the following equation [START_REF] Souada | Extraction of indium-tin oxide from end-of-life LCD panels using ultrasound assisted acid leaching[END_REF] can be used to fit the data in Fig. 4, where [C + ] aq is described by eq. 15, K IP is an extraction constant according to the ion pair formation mechanism and K 5 is a stepwise stability constant according to the following reaction

D Tl(III) = K IP •[C + ] aq 1+𝐾 5  [Cl -] aq
TlCl 4 -+ Cl -⇄ TlCl 5 2- (18) 
Based on literature data [START_REF] Schmidt | -absorptionsspektren von Tl(III)-halogenidkomplexen in wässeriger lösung[END_REF][START_REF] Banyai | Equilibrium dynamics in the thallium(III)-chloride system in acidic aqueous solution[END_REF] the constant K 5 is equal to 0.68. The equation 17 also assumes that there are only two anionic species in the aqueous phase, what in fact is supported by data published elsewhere [START_REF] Sato | Liquid-liquid extraction of trivalent galium, indium and thallium from hydrochloric acid solutions by trioctyl phosphine oxide[END_REF]. As can be seen in Fig. 4, the Tl(III) distribution ratio stays almost constant in the range of up to 10 -2 M of stable thallium, and then decreases sharply with increasing metal concentration. symbols are newly evaluated data and closed ones are data taken from our previous articles [START_REF] Tereshatov | Thallium Transfer from Hydrochloric Acid Media into Pure Ionic Liquids[END_REF][START_REF] Tereshatov | Hydrophobic polymerized ionic liquids for trace metal solid phase extraction: thallium transfer from hydrochloric acid media[END_REF]. The lines are drawn according to eq. 17.

In order to fit the shown data based on eq. 17, it should be noted that extraction of the acid and backextraction of [C]Cl ionic liquid is almost negligible at 0.5 M HCl, so we fixed the K ex_HCl and K b_ex_[C]Cl constants according to the data in Table 1. As a result, the solubility product and ion pair formation constants were found to be K Comparison of Figs. 2 and4 along with our data on metal transfer into studied ILs [START_REF] Tereshatov | Resin Ion Exchange and Liquid-Liquid Extraction of Indium and Thallium from Chloride Media[END_REF][START_REF] Tereshatov | Thallium Transfer from Hydrochloric Acid Media into Pure Ionic Liquids[END_REF][START_REF] Volia | Indium and Thallium Extraction into Betainium Bis(trifluoromethylsulfonyl)imide Ionic Liquid from Aqueous Hydrochloric Acid Media[END_REF] leads to a conclusion that solubility of studied ionic liquids decreases and their ability to extract Tl(III) increases in the order

[Hbet][Tf 2 N] > [C 2 mim][Tf 2 N] > [C 3 C 1 pyrr][Tf 2 N] > [C 4 mim][Tf 2 N] > [C 6 mim][Tf 2 N] > [C 8 mim][Tf 2 N]
. Thus, the loading data depicted in Fig. 4 have a characteristic feature; they show inverse extraction order relative to the ILs' solubility. The solubility order also reflects increase of the IL cations' hydrophobicities. Some of these values, log k 0,c , can be found elsewhere [START_REF] Ranke | Explaining Ionic Liquid Water Solubility in Terms of Cation and Anion Hydrophobicity[END_REF] and for the betainium cation the log k 0,c_Hbet + value can be estimated at a level of < 0.22.

Conclusions

The solubility of six Tf 2 N-based ionic liquids in a wide range of hydrochloric acid concentrations has been considered. In order to explain the ILs' solubility, a mathematical model has been developed. This model is based on an assumption that HCl acid is partially extracted into the organic phase where recombination between the acid and the ionic liquid ions' occurs. As a result a new hydrophilic Clcontaining salt is formed and back-extracted into the aqueous phase. The constants of HCl extraction and the salt back-extraction have been estimated using the model proposed. Thus we have provided a tool to quantitatively characterize the interaction of mineral acid with ionic liquids. Four considered ILs were similar with regard to the alkyl chain length attached to the imidazolium ring. It has been found that the logarithms of both solubility product and HCl extraction constants linearly depend on the length of the alkyl chain. This dependency can be used to estimate both solubility and HCl extraction into imidazolium-based ionic liquids not tested in this paper (i.e. with odd carbon atoms number in the chain). Also, two ionic liquids were chosen for trivalent thallium extraction study at a fixed acidity where thallium trichloride salt is added. The obtained data were fitted according to the developed mathematical model and results revealed that the ability of studied ionic liquids to extract Tl(III) is inverse to their solubility order, namely 
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 2 Fig. 2. Effect of aqueous DCl concentration on the equilibrium concentrations of the IL cations according to the 1 H-NMR measurements. Open symbols represent new data and closed symbols are data taken from our previous

Fig. 3 .

 3 Fig. 3. Influence of the carbon chain length on the solubility and HCl extraction into imidazolium-based ionic liquids [C n mim][Tf 2 N], where n = 2, 4, 6, and 8. The imidazolium cation hydrophobicity data are taken from [40]. The lines

Fig. 4 .

 4 Fig. 4. Effect of TlCl 3 added to the 0.5 M HCl aqueous phase on the extraction of Tl(III) by [C 3 C 1 pyrr][Tf 2 N] (stable thallium and ICP-MS) and [C 2 mim][Tf 2 N] (labeled thallium with Tl-201 and NaI gamma detector) ionic liquids. Open

  sp = (1.21 ± 0.20)10 -3 , K IP = 1820 ± 180 and K sp = (3.81 ± 0.15)10 -3 , K IP = 396 ± 10 for [C 3 C 1 pyrr][Tf 2 N] and [C 2 mim][Tf 2 N] ionic liquids, respectively.

  [Hbet][Tf 2 N] > [C 2 mim][Tf 2 N] > [C 3 C 1 pyrr][Tf 2 N] > [C 4 mim][Tf 2 N] > [C 6 mim][Tf 2 N] > [C 8 mim][Tf 2 N].The results suggest that the betainium cation hydrophobicity, log k 0,c , must be less than 0.22.
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