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Modeling of thermodynamic properties of mixed-solvent electrolyte solutions is challenging. Reliable experimental data are essential for any model development and parameterization. In this work, a benchmark database for (water + methanol/ethanol + alkali halide) mixed-solvent electrolyte solutions is presented. Available experimental data of mean ionic activity coefficient (MIAC) and vapor-liquid equilibrium (VLE) are comprehensively collected and critically evaluated for 61 datasets of 23 solutions. The resulting benchmark database includes 1413 data records from 32 datasets for 13 solutions. Evaluated datasets of the relevant aqueous electrolyte solutions are also presented. A consistent E-NRTL model that satisfies the Gibbs-Duhem equation is utilized for analyzing the data, reconciling the MIAC and VLE data. The collected data are critically evaluated. A benchmark database is obtained. Based on the database, recommended parameters are obtained for the E-NRTL model.

Introduction

Electrolyte solutions are important in many industrial processes, e.g., CO2 capture and sequestration 1 , flue gas treatment 2 , desalination [START_REF] Darre | Desalination of Water: A Review[END_REF] , scale formation [START_REF] Løge | Scale Attachment and Detachment: The Role of Hydrodynamics and Surface Morphology[END_REF] , corrosion resistance enhancement [START_REF] Olasunkanmi | Corrosion: Favoured, yet Undesirable -Its Kinetics and Thermodynamics[END_REF] , batteries [START_REF] Yu | Molecular Design for Electrolyte Solvents Enabling Energy-Dense and Long-Cycling Lithium Metal Batteries[END_REF] , pharmaceutical processes [START_REF] Molla | Solubility Prediction of Different Forms of Pharmaceuticals in Single and Mixed Solvents Using Symmetric Electrolyte Nonrandom Two-Liquid Segment Activity Coefficient Model[END_REF] , etc. Reliable experimental data are essential for thermodynamic property model development and process system modeling, while incomplete and inaccurate data hampers their utilization [START_REF] Bazyleva | Good Reporting Practice for Thermophysical and Thermochemical Property Measurements (IUPAC Technical Report)[END_REF] . Because of the complexity of the interactions that take place in electrolyte solutions, the existing thermodynamic models are not well adapted to those mixtures [START_REF] May | Correction to Thermodynamic Modeling of Aqueous Electrolyte Systems: Current Status[END_REF] ; available tools are not yet well accepted and validated as for non-electrolyte systems [START_REF] Kontogeorgis | Industrial Requirements for Thermodynamic and Transport Properties[END_REF] ; the physics of the competing contributions is not yet well understood [START_REF] Kontogeorgis | The Debye-Hückel Theory and Its Importance in Modeling Electrolyte Solutions[END_REF][START_REF] Simonin | On the "Born" Term Used in Thermodynamic Models for Electrolytes[END_REF] . Furthermore, over the past century, experimental data have been reported in dozens of conventions [START_REF] Thomsen | Electrolyte Solutions: Thermodynamics, Crystallization, Separation Methods[END_REF] , e.g., different reference states and composition units. In addition, for mixed-solvent electrolyte solutions, experimental data from different sources are frequently not consistent with each other. Thus, obtaining a reliable database needs comprehensive collection and critical evaluation of available experimental data.

In a previous work [START_REF] Vaque Aura | Data Analysis for Electrolyte Systems: A Method Illustrated on Alkali Halides in Water[END_REF] , a benchmark database is proposed for aqueous alkali halide solutions.

For mixed-solvent electrolyte solutions, the extra solvent brings in an extra dimension in composition, complexing property comparisons. Furthermore, the solvation and dissociation behavior of electrolytes is very different in water and non-water solvents. Various equations of state [15][START_REF] Zuo | Use of an Electrolyte Equation of State for the Calculation of Vapor-Liquid Equilibria and Mean Activity Coefficients in Mixed Solvent Electrolyte Systems[END_REF][START_REF] Simon | An Equation of State for Systems Containing Electrolytes and Nonelectrolytes[END_REF][START_REF] Zuo | Predicting LLE in Mixed-Solvent Electrolyte Systems by an Electrolyte EOS[END_REF][START_REF] Zuo | Extension of the Electrolyte EOS of Furst and Renon to Mixed Solvent Electrolyte Systems[END_REF][20][START_REF] Schreckenberg | Modelling of the Thermodynamic and Solvation Properties of Electrolyte Solutions with the Statistical Associating Fluid Theory for Potentials of Variable Range[END_REF][START_REF] Maribo-Mogensen | An Electrolyte CPA Equation of State for Mixed Solvent Electrolytes[END_REF][START_REF] Das | Predicting the Thermodynamic Properties of Experimental Mixed-Solvent Electrolyte Systems Using the SAFT-VR+DE Equation of State[END_REF][START_REF] Ahmed | Modeling of Mixed-Solvent Electrolyte Systems[END_REF][START_REF] Neau | Extension of the Group Contribution NRTL-PRA EoS for the Modeling of Mixtures Containing Light Gases and Alcohols with Water and Salts[END_REF] and activity coefficient models [START_REF] Mock | Thermodynamic Representation of Phase Equilibria of Mixed-solvent Electrolyte Systems[END_REF][START_REF] Chen | Generalized Electrolyte-NRTL Model for Mixed-Solvent Electrolyte Systems[END_REF][START_REF] Macedo | Calculation of Phase Equilibria for Solutions of Strong Electrolytes in Solvent-Water Mixtures[END_REF][START_REF] Sander | Calculation of Vapour-Liquid Equilibria in Mixed Solvent/Salt Systems Using an Extended UNIQUAC Equation[END_REF][START_REF] Zerres | Thermodynamics of Phase Equilibria in Aqueous-organic Systems with Salt[END_REF][START_REF] Van Bochove | Modelling of Liquid-Liquid Equilibria of Mixed Solvent Electrolyte Systems Using the Extended Electrolyte NRTL[END_REF][START_REF] Thomsen | Modeling Electrolyte Solutions with the Extended Universal Quasichemical (UNIQUAC) Model[END_REF][START_REF] Djamali | A Priori Prediction of Thermodynamic Properties of Electrolytes in Mixed Aqueous-Organic Solvents to Extreme Temperatures[END_REF][START_REF] Djamali | Thermodynamic Properties and Solubility of Sodium and Potassium Chloride in Ethane-1,2-Diol/Water Mixed Solvent Systems to High Temperatures[END_REF][START_REF] Hála | Vapor-Liquid Equilibria of Strong Electrolytes in Systems Containing Mixed Solvent[END_REF][START_REF] Iliuta | Extended UNIQUAC Model for Correlation and Prediction of Vapour-Liquid-Solid Equilibria in Aqueous Salt Systems Containing Non-Electrolytes. Part A. Methanol-Water-Salt Systems[END_REF][START_REF] Thomsen | Extended UNIQUAC Model for Correlation and Prediction of Vapor-Liquid-Liquid-Solid Equilibria in Aqueous Salt Systems Containing Non-Electrolytes. Part B. Alcohol (Ethanol, Propanols, Butanols)-Water-Salt Systems[END_REF][START_REF] Fosbøl | Modeling of the Mixed Solvent Electrolyte System CO2-Na 2CO3-NaHCO3-Monoethylene Glycol-Water[END_REF] have been applied on these mixtures. Because of the complexity from both experimental and theoretical perspectives, a benchmark database for important mixtures of the type can facilitate future model development, parameterization, and evaluation. In addition, compared to the data status of aqueous electrolyte solutions, that of mixedsolvent electrolyte solutions is much scarcer. Therefore, data analysis requires a model that applies on mixed-solvent electrolyte systems and does not include too many adjustable parameters.

Although modern thermodynamic models are of theoretical basis. As parameters are regressed, accurate correlation of the experimental data does not guarantee data reliability. Therefore, critical evaluation of the experimental data needs comparisons between data from different sources and of different properties, as well as comparisons within a series of salts in the same solvents. To achieve this, a consistent version of the E-NRTL model is introduced, satisfying the Gibbs-Duhem equation, and thus facilitating verification between the mean ionic activity coefficient (MIAC) and vaporliquid equilibrium (VLE), which includes information of the ionic and solvent activity coefficients, respectively. The consistent model is similar to the consistent model proposed by van Bochove et al. [START_REF] Van Bochove | Modelling of Liquid-Liquid Equilibria of Mixed Solvent Electrolyte Systems Using the Extended Electrolyte NRTL[END_REF] , short of the Bronsted-Guggenheim term [START_REF] Guggenheim | The Specific Thermodynamic Properties of Aqueous Solutions of Strong Electrolytes[END_REF][START_REF] Christensen | Towards the Extensionof UNIFAC to Mixtures with Electrolytes[END_REF] .

Our aim is to present a benchmark database based on an extensive evaluation of available experimental data, to recommend parameters based on this database, and to understand trends of data and parameters. The work proceeds as follows. First, the overall data analysis framework is introduced. Then, the consistent E-NRTL model is introduced and compared with the widely used original E-NRTL. Then, a consistency analysis is performed for each mixture. Impacts of the objective function and water-salt parameters on the representation of mixed-solvent electrolyte solution properties are investigated, concluding on a parameter regression procedure that facilitates the data analysis framework. Based on these findings, the alcohol-salt parameters and ternary property results are presented. Finally, the obtained benchmark database of the mixed-solvent electrolyte systems and the involved aqueous electrolyte systems is proposed.

Data analysis framework

This section introduces the properties' definitions and relationships with the activity coefficients, the composition denotations, and the raw data collected from the databanks. Figure 1 shows the data analysis framework. The following path is followed:

(1) We start from the raw data collected from the databanks. Datasets that are non-experimental and incomplete (e.g., datasets that are not in tabular forms, and VLE datasets without vapor phase molar fraction) are removed. The experimental datasets were reported in many different composition units. They are converted to ion-based molar fraction, i.e., full dissociation is assumed, and the cation and anion are considered as two species. For the (water + alcohol) mixtures, VLE data are collected. For the (water + salt) and (water + alcohol + salt) mixtures, VLE and MIAC data are collected. For mixtures containing two solvents, only the VLE datasets that include both vapor pressure and vapor phase molar fraction data are collected, because solvent activity coefficient requires both variables.

(2) Then, the binary datasets are compared against each other and with the E-NRTL model with preliminary parameters. Doing so, inconsistent datasets are spotted as they do not agree with data from multiple other sources (for binary mixtures, the data status is quite extensive, and there are always datasets from multiple sources that agree with each other), and are removed.

The remaining datasets constitute the benchmark database of the binary mixtures.

(3) Based on these datasets, parameters are regressed for the water-alcohol and water-salt pairs. Once these parameters (water-alcohol and water-salt) are sufficiently validated, they are used in the evaluation of the ternary (water + alcohol + salt) datasets, along with preliminary parameters for the alcohol-salt pairs. Because the solubility of salts in anhydrous alcohol is usually very small, in which range the model is dominated by the Pitzer-Debye-Huckel (PDH) term, regression of the parameters of the alcohol-salt pairs to binary (alcohol + salt) data is infeasible. Mixed-solvent electrolyte solution data are more suitable for obtaining alcohol-salt parameters. Therefore, the binary (alcohol + salt) mixtures are not included in this benchmark database. Compared to the data status of the aqueous electrolyte solutions, that of the mixedsolvent electrolyte solutions is not as extensive. The datasets are evaluated by comparing with other datasets for the same mixture when they are available, and by observing the data trends to identify obvious outliers. Inconsistent datasets are identified and removed. The remaining datasets are further marked as "recommended", "tentative", and "uncertain", constituting the benchmark database of the mixed-solvent electrolyte solutions. Based on the database, parameters of the E-NRTL model are regressed. The activity coefficient describes deviation from ideality based on a given reference state and composition unit. For ions, a common convention of the activity coefficient is the rational asymmetrical activity coefficient. For aqueous electrolyte solutions, the ionic activity coefficient is normalized at infinite dilution in the water solvent. For mixed-solvent electrolyte solutions, the ionic activity coefficient is normalized at infinite dilution in the solvent mixture at the same saltfree composition, because, otherwise, large experimental composition uncertainties would be present at low water composition when properties are defined in the molality unit. In the experimental literature, data are always reported based on the molality unit defined in the solvent mixture.

𝛾 𝑖 * = 𝛾 𝑖 𝛾 𝑖 ∞ (1)
where 𝛾 𝑖 is the symmetrical activity coefficient, 𝛾 𝑖 ∞ is 𝛾 𝑖 at infinite dilution in the solvent mixture at the corresponding salt-free composition. Thus, the reference state in Eq. ( 1) is different according to the salt-free composition of the solvent mixture. However, the rational asymmetrical activity coefficient, as well as the molality and molarity conventions, are only used for presentation; while 𝛾 𝑖 itself is calculated in the models. In this work, unless otherwise noted, the reference state of ionic activity coefficient is defined at infinite dilution in the solvent mixture.

In addition, the molality activity coefficient (𝛾 𝑖 m ) and molarity activity coefficient (𝛾 𝑖 c ) are also widely used conventions:

𝛾 𝑖 m = 𝛾 𝑖 * ∑ 𝑥 𝑗 solvents 𝑗 (2) 
𝛾 𝑖 c = 𝛾 𝑖 * 𝜌 solvent 𝜌 solution (3)
where 𝜌 is the mass density. Like 𝛾 𝑖 * , 𝛾 𝑖 m and 𝛾 𝑖 c also take reference state at infinite dilution in the solvent mixture at the corresponding salt-free composition.

The MIAC is usually reported in the experimental literature in the molality convention.

𝛾 ± m = (𝛾 c m 𝜈 c 𝛾 a m 𝜈 a ) 1 𝜈 (4) 
where 𝜈 = 𝜈 c + 𝜈 a is the sum of the stoichiometric coefficients, the subscript c denotes cations, and the subscript a denotes anions.

The MIAC is usually measured using potentiometry (also noted as electromotive force measurement) [START_REF] Pitzer | Activity Coefficients in Electrolyte Solutions, 2nd Editio[END_REF] . An alternative approach is to calculate MIAC based on the Gibbs-Duhem equation, e.g., the isopiestic vapor pressure measurements conducted by Robinson and co-workers for many aqueous solutions [START_REF] Robinson | The Activity Coefficients of the Alkali Chlorides and of Lithium Iodide in Aqueous Solution from Vapor Pressure Measurements[END_REF][START_REF] Robinson | The Osmotic and Activity Coefficient Data of Some Aqueous Salt Solutions from Vapor Pressure Measurements[END_REF][START_REF] Robinson | The Activity Coefficients of Some Alkali Halides at 25[END_REF] . However, for mixed-solvent electrolyte solutions, an infinite dilution activity coefficient model is needed for converting the reference state of these data to the infinite dilution of the salt in the solvent mixture at the same salt-free solvent composition. In this work, all the collected data are measured by potentiometry. This reflects what has been unanimously implemented in the experimental community. In the potentiometric measurements, the electromotive force of the cells are measured, and substituted into the Nernst equation as a function of molality (defined in the solvent mixture) along with an activity coefficient model, e.g., the extended Debye-Hückel. With some treatment, the expression is close to linear with molality [START_REF] Thomsen | Electrolyte Solutions: Thermodynamics, Crystallization, Separation Methods[END_REF][START_REF] Mussini | Thermodynamics of the Cell {Li-Amalgam | LiX (m) | AgX | Ag} (X = Cl,Br) and Medium Effects upon LiX in (Acetonitrile + Water), (1,4-Dioxane + Water), and (Methanol + Water) Solvent Mixtures with Related Solvation Parameters[END_REF] . Coefficients of the Nernst equation and the activity coefficient model are regressed at the same time for each salt-free composition. The obtained coefficients are then used for calculating the MIAC. Thus, the reported MIAC depends not only on the measurement of the particular salt molality, but also on the series of measurements for the salt-free solvent composition.

In the experimental literature, the uncertainty of electromotive force measurement, rather than of the MIAC itself, is usually reported. The electromotive force can be measured up to very high accuracy, e.g., 0.02 mV, corresponding to 0.05% in the MIAC [START_REF] Pitzer | Activity Coefficients in Electrolyte Solutions, 2nd Editio[END_REF] . However, the abovementioned data treatment procedure introduces uncertainty in the obtained MIAC. Furthermore, the measurement uncertainties of composition and temperature also contribute to the combined uncertainty of the MIAC.For mixed-solvent electrolyte solutions, the relatively large deviations (in some cases more than 20%) observed in mixed-solvent electrolyte measurements from different experimental sources is a matter of reliability rather than accuracy, indicating an imperative need for critically evaluating the data before use in model developments.

When the mixed-solvent electrolyte solution VLE data include both vapor pressure and vapor phase molar fraction, the solvent activity coefficient can be obtained taking the ideal gas assumption in the vapor phase, 𝛾 𝑖,solvent = 𝑦 𝑖,solvent 𝑝 𝑥 𝑖,solvent 𝑝 𝑖,solvent sat (5) where y is the molar fraction in the vapor phase, x is the molar fraction in the liquid phase, p is the pressure, 𝑝 𝑖,solvent sat is the vapor pressure of pure solvent i at the temperature. Eq. ( 5) assumes that the pressure is sufficiently small so that the vapor phase can be treated as ideal gas and that no Poynting correction is needed in the liquid phase. Figure 3 shows the solvent activity coefficients derived from experimental VLE data for (water + ethanol + KCl) at 298.15 K using Eq. ( 5). As salt composition increases, alcohol activity coefficient increases, while water activity coefficient decreases. The alcohol activity coefficient changes more with the salt composition at low alcohol composition, while the water activity coefficient is close to unity in the entire experimental data range. As alcohol composition increases, alcohol activity coefficient decreases, while water activity coefficient first decreases and then increases. 

where 𝑥 0 is in the original composition unit before conversion, M is the molar mass, and the subscript ion denotes cation or anion. In this work, we consider only the alkali halides. Hence, 𝜈 = 2, 𝜈 𝑖 = 1.

Raw data collected from databanks

Data are collected from DETHERM [START_REF] Westhaus | DECHEMA e.V[END_REF] , CERE electrolyte databank [START_REF] Thomsen | Data Bank for Electrolyte Solutions[END_REF] , and other sources, e.g., datasets that were utilized in other modeling papers (e.g., references [START_REF] Zuo | Use of an Electrolyte Equation of State for the Calculation of Vapor-Liquid Equilibria and Mean Activity Coefficients in Mixed Solvent Electrolyte Systems[END_REF][START_REF] Zuo | Extension of the Electrolyte EOS of Furst and Renon to Mixed Solvent Electrolyte Systems[END_REF][START_REF] Schreckenberg | Modelling of the Thermodynamic and Solvation Properties of Electrolyte Solutions with the Statistical Associating Fluid Theory for Potentials of Variable Range[END_REF][START_REF] Das | Predicting the Thermodynamic Properties of Experimental Mixed-Solvent Electrolyte Systems Using the SAFT-VR+DE Equation of State[END_REF][START_REF] Ahmed | Modeling of Mixed-Solvent Electrolyte Systems[END_REF][START_REF] Neau | Extension of the Group Contribution NRTL-PRA EoS for the Modeling of Mixtures Containing Light Gases and Alcohols with Water and Salts[END_REF] ), etc. All the collected data are experimental and available in public literature. Datasets that are not provided in tabular forms are excluded. VLE datasets that do not report both vapor pressure and vapor phase molar fraction are excluded. Among those mixtures, experimental data are more extensive for the mixtures containing Na + salts and Cl -salts. Overall, the data status of the mixed-solvent electrolyte mixtures is much less extensive compared to that of aqueous alkali halide mixtures [START_REF] Vaque Aura | Data Analysis for Electrolyte Systems: A Method Illustrated on Alkali Halides in Water[END_REF] . Data of the constituting (alcohol + salt) binary mixtures are not included in the database, because the data status is even scarcer compared to that of the mixed-solvent electrolyte solutions, because that MIAC data is almost nonexistent, and because salt solubility is very small in alcohols in most cases.

After collecting the raw database and evaluating the data quality, a final database is constructed by introducing some codes ("R" for "recommended", "T" for "tentative", and "U" for "uncertain"). Details will be explained in Section 6.

Statistical quantities' definitions

In what follows, the data will be compared with calculation results, resulting in the need for defining some statistical quantities.

Average deviation (AD) and maximum deviation (MD): AD and MD represent deviations

of the model from each experimental dataset. For vapor pressure, the relative deviation is taken.

For vapor phase molar fraction and MIAC, the absolute deviation is taken. The vapor phase molar fraction is between 0 and 1, while MIAC is in general between 0 and 1 in the salt composition range that is used in the parameter optimization in this work. Using the absolute deviation rather than the relative deviation avoids exaggerating the deviations when the values are small. In the data analysis, 𝑥 ion is limited to 0.06, in which range MIAC is never much larger than 1. However, if MIAC gets very large in the regression data, relative deviation should be used.

Objective function (OF):

Parameters are optimized using a local minimizer in IFPEN's optimization software, ATOUT [START_REF]Advanced Tools for Optimization and Uncertainty Treatment[END_REF] , starting from the optimal value from 50 initial parameter sets randomly obtained in the parameter ranges using a Latin hypercube algorithm. (9) where 𝑛 ds is the number of datasets, 𝑛 dp 𝑗 is the number of data points in dataset j, the subscript cal denotes calculated values, and the subscript exp denotes experimental values. Depending on the data status, MIAC and VLE are used individually or together for the different mixtures. In the following sections, the OF that only consists of MIAC data is denoted as OF-M, the OF that only consists of VLE data (pressure and vapor phase molar fraction) is denoted as OF-V, and the OF that consists of both MIAC and VLE is denoted as OF-MV. Quite often, uncertainty is not reported in the experimental literature. In addition, the uncertainty might be reported more optimistically in some experimental literature than others. Instead of using directly the data uncertainty as reported, a more rigorous approach is to adjust its value based on data distribution, observed deviation after correcting systematic deviations, and model capability [START_REF] Span | A New Equation of State for Carbon Dioxide Covering the Fluid Region from the Triple-Point Temperature to 1100 K at Pressures up to 800 MPa[END_REF] . However, the availability of experimental data and uncertainty of the mixed-solvent electrolyte solutions does not facilitate such detailed analysis. Therefore, the data uncertainty is not included in the data analysis. Instead, the same weight is assigned to all the datasets that are considered to be reliable after extensive comparisons between datasets from different experimental sources.

Model for data analysis

The electrolyte non-random two-liquid (E-NRTL) model [START_REF] Chen | Local Composition Model for Excess Gibbs Energy of Electrolyte Systems. Part I: Single Solvent, Single Completely Dissociated Electrolyte Systems[END_REF][START_REF] Chen | A Local Composition Model for the Excess Gibbs Energy of Aqueous Electrolyte Systems[END_REF] is used for data analysis because of its wide acceptance in the industry [START_REF] Chen | Toward Development of Activity Coefficient Models for Process and Product Design of Complex Chemical Systems[END_REF] , its capacity to describe mixed-solvent electrolyte solutions [START_REF] Chen | Generalized Electrolyte-NRTL Model for Mixed-Solvent Electrolyte Systems[END_REF] , its small number of adjustable parameters, and its potential theoretical basis of parameters [START_REF] Saravi | Bridging Two-Liquid Theory with Molecular Simulations for Electrolytes: An Investigation of Aqueous NaCl Solution[END_REF] .

The E-NRTL model includes a NRTL part [START_REF] Renon | Local Compositions in Thermodynamic Excess Functions for Liquid Mixtures[END_REF] , which accounts for the local interaction contribution between all interacting species, and a PDH part [START_REF] Pitzer | From Dilute Solutions to Fused Salts[END_REF] , which accounts for the long-range Coulombic interaction contribution between ions. Mock et al. [START_REF] Mock | Thermodynamic Representation of Phase Equilibria of Mixed-solvent Electrolyte Systems[END_REF] applied the E-NRTL model on mixed-solvent electrolyte mixtures, which was implemented in ASPEN PLUS. However, according to these authors, "only the local interaction contribution term of the electrolyte NRTL model is used in this study and the long-range interaction contribution term is dropped", because their "main consideration was the ability to represent the phase equilibrium behavior of solvent species". The model was successful in representing VLE. Liu and Watanasiri 57 introduced a Bronsted-Guggenheim term [START_REF] Guggenheim | The Specific Thermodynamic Properties of Aqueous Solutions of Strong Electrolytes[END_REF][START_REF] Christensen | Towards the Extensionof UNIFAC to Mixtures with Electrolytes[END_REF] and a Born term [START_REF] Robinson | Electrolyte Solutions, 2nd Edition[END_REF][START_REF] Rashin | Reevaluation of the Born Model of Ion Hydration[END_REF] into the model, and applied the E-NRTL model on the representation of liquid-liquid equilibrium of mixed-solvent electrolyte solutions. Van Bochove et al. [START_REF] Van Bochove | Modelling of Liquid-Liquid Equilibria of Mixed Solvent Electrolyte Systems Using the Extended Electrolyte NRTL[END_REF] suggested that the difference in the dielectric constants of the solvents were large in the (water + organic solvent + salt) mixtures, and included the correct solvent composition derivatives in their PDH and Born terms. The resulting E-NRTL model satisfies the Gibbs-Duhem equation, and thus is consistent. However, they suggested that the consistent e-NRTL is only slightly better than original e-NRTL. In a recent work, Chang and Lin 60 included the ion contribution to the solventrelated properties in their extended PDH model. However, van Bochove's derivations were largely ignored in later works on mixed-solvent electrolyte modeling with the E-NRTL model. The Born term [START_REF] Robinson | Electrolyte Solutions, 2nd Edition[END_REF][START_REF] Rashin | Reevaluation of the Born Model of Ion Hydration[END_REF] in the E-NRTL model accounts for the difference of medium effect between the infinitedilution aqueous solution to the given mixed-solvent solution. Song and Chen [START_REF] Chen | Generalized Electrolyte-NRTL Model for Mixed-Solvent Electrolyte Systems[END_REF] proposed a segmental E-NRTL model for mixed-solvent electrolyte solutions, and later proposed a symmetrical version [START_REF] Song | Symmetric Electrolyte Nonrandom Two-Liquid Activity Coefficient Model[END_REF] to accommodate pure fused salts. In these works, the solvent density and relative permittivity were considered as pseudo-pure functions, i.e., although solvent-composition dependence was accounted for in the function, derivative terms were omitted as activity coefficients were derived from the excess Gibbs energy. Tsanas et al. [START_REF] Tsanas | Calculation of Phase and Chemical Equilibrium for Multiple Ion-Containing Phases Including Stability Analysis[END_REF] suggested that violation of the Gibbs-Duhem equation would result in convergence to the wrong minimum in reactive flash calculations. In this section, the consistent E-NRTL model is described; then, the consistent and original E-NRTL models are compared to show whether the issue of consistency matters for VLE and MIAC calculations, which are the scope of the presented database in this work.

Consistent E-NRTL

For mixed-solvent electrolyte solutions, the original E-NRTL [START_REF] Chen | Generalized Electrolyte-NRTL Model for Mixed-Solvent Electrolyte Systems[END_REF][START_REF] Song | Symmetric Electrolyte Nonrandom Two-Liquid Activity Coefficient Model[END_REF] is usually used in a manner that violates the Gibbs-Duhem equation. (The problem is not present for single-solvent systems.)

In Van Bochove et al.'s work [START_REF] Van Bochove | Modelling of Liquid-Liquid Equilibria of Mixed Solvent Electrolyte Systems Using the Extended Electrolyte NRTL[END_REF] , the model satisfies the Gibbs-Duhem equation, and therefore is consistent. In the consistent E-NRTL model, the PDH and Born terms are different from the original E-NRTL, as the correct solvent composition derivatives are included. This work utilizes a model that is similar to Van Bochove's consistent model, short of the Bronsted-Guggenheim term.

The model consists of a NRTL term, a PDH term, and a Born term. Here, the model is briefly introduced.

The activity coefficient terms are obtained by taking partial derivatives of the excess Gibbs energy terms:

𝐺 E,PDH 𝑅𝑇 = -(∑ 𝑛 𝑖 𝑖 ) 4𝐴 𝜑 𝐼 𝑥 𝜌 ln (1 + 𝜌𝐼 𝑥 1 2 ) (10) 𝐺 E,Born 𝑅𝑇 = 𝑄 e 2 2𝑘𝑇 ( 1 𝜀 s 𝜀 0 - 1 𝜀 w 𝜀 0 ) ∑ 𝑛 𝑖 𝑍 𝑖 2 𝑟 𝑖 (11) 
where 𝑅 = 8.3144598 J mol -1 K -1 is the universal gas constant [START_REF] Mohr | CODATA Recommended Values of the Fundamental Physical Constants: 2014[END_REF] , T is the temperature, ni is the molar number of component i, 𝐴 𝜑 is one third of the Debye-Huckel limiting slope as given in Eq. ( 12), 𝐼 𝑥 is the ionic strength as given in Eq. ( 13), 𝑄 e = 1.6021766208 × 10 -19 C is the elementary charge [START_REF] Mohr | CODATA Recommended Values of the Fundamental Physical Constants: 2014[END_REF] , 𝑘 = 1.38064852 × 10 23 m 2 kg s -2 K -1 is the Boltzmann constant [START_REF] Mohr | CODATA Recommended Values of the Fundamental Physical Constants: 2014[END_REF] , 𝜀 s is the solvent relative permittivity, 𝜀 w is the water relative permittivity, 𝜀 0 = 8.854187817 × 10 -12 F m -1 is the dielectric constant in the vacuum [START_REF] Mohr | CODATA Recommended Values of the Fundamental Physical Constants: 2014[END_REF] , Zi is the ionic charge, ri is the Born radius and is set at 3 Å for all the ions in this work.

𝐴 𝜑 = 1 3 ( 2𝜋𝑁 A 𝜌 s 1000 ) 1 2 ( 25𝑄 e 2 𝜋𝜀 𝑠 𝜀 0 𝑘𝑇 ) 3 2 (12) 
𝐼 𝑥 = ∑ 𝑍 𝑖 2 𝑛 𝑖 2 ∑ 𝑛 𝑖 ⁄ (13) 
where 𝑁 A = 6.022140857 × 10 23 mol -1 is the Avogadro number [START_REF] Mohr | CODATA Recommended Values of the Fundamental Physical Constants: 2014[END_REF] .

The mixing rules for solvent density and relative permittivity are,

𝜌 s = 1 ∑ 𝑥 𝑖 0 𝜌 𝑖 solvents 𝑖 (14) 
𝜀 s = ∑ 𝑤 𝑖 0 𝜀 𝑖 solvents 𝑖 (15) 
where 𝑥 𝑖 0 is the molar fraction on the salt-free basis, 𝑤 𝑖 0 is the weight fraction on the salt-free basis, 𝜌 𝑖 is the density of solvent i, and 𝜀 𝑖 is the relative permittivity of solvent i, as given below.

𝜌 𝑖 = 𝐴 𝑖 𝐵 𝑖 1+(1- 𝑇 𝐶 𝑖 ) 𝐷 𝑖 (16 
)

𝜀 𝑖 = 𝜀 𝑖 0 + 𝜀 𝑖 1 ( 1 𝑇 - 1 273.15 K ) (17) 
The coefficients, Ai, Bi, Ci, Di, 𝜀 𝑖 0 and 𝜀 𝑖 1 , are obtained from or regressed to data from DIPPR [START_REF] Wilding | DIPPR® Project 801 Evaluated Process Design Data[END_REF] and reference [START_REF] Raspo | An Empirical Correlation for the Relative Permittivity of Liquids in a Wide Temperature Range: Application to the Modeling of Electrolyte Systems with a GE/EoS Approach[END_REF] , as explained in detail in the Supporting Information. and the other derivatives over 𝑛 𝑖 are provided in the Supporting Information.

The 2nd term in Eq. ( 18) and the upper equation in Eq. ( 19) are not included in the original E-NRTL, as derivatives of solvent density and relative permittivity over solvent composition are ignored. As these terms are included, the Gibbs-Duhem equation, which is violated by the original E-NRTL, is satisfied. Consequently, in principle, one can expect that the consistent E-NRTL can reconcile the ion and solvent properties (MIAC and VLE) better.

The consistent E-NRTL model uses exactly the same formulation for the NRTL term as the original E-NRTL [START_REF] Chen | Local Composition Model for Excess Gibbs Energy of Electrolyte Systems. Part I: Single Solvent, Single Completely Dissociated Electrolyte Systems[END_REF][START_REF] Chen | A Local Composition Model for the Excess Gibbs Energy of Aqueous Electrolyte Systems[END_REF] .

ln 𝛾 m NRTL = ∑ 𝑥 𝑗 𝐺 𝑗m 𝜏 𝑗m 𝑗 ∑ 𝑥 𝑗 𝐺 𝑗m 𝑗 + ∑ 𝑥 m ′ 𝐺 mm ′ ∑ 𝑥 𝑘 𝐺 𝑘m ′ 𝑘 (𝜏 mm ′ - ∑ 𝑥 𝑘 𝐺 𝑘m ′ 𝜏 𝑘m ′ 𝑘 ∑ 𝑥 𝑘 𝐺 𝑘m ′ 𝑘 ) m ′ + ∑ ∑ 𝑥 a ′ 𝑥 c 𝐺 mc,a ′ c ∑ 𝑥 𝑘 𝐺 𝑘c,a ′ c 𝑘 (𝜏 mc,a ′ c - ∑ 𝑥 𝑘 𝐺 𝑘c,a ′ c 𝜏 𝑘c,a ′ c 𝑘≠c ∑ 𝑥 𝑘 𝐺 𝑘c,a ′ c 𝑘≠c ) a ′ ∑ 𝑥 a ′′ a ′′ c + ∑ ∑ 𝑥 c ′ 𝑥 a 𝐺 ma,c ′ a ∑ 𝑥 𝑘 𝐺 𝑘a,c ′ a 𝑘 (𝜏 ma,c ′ a - ∑ 𝑥 𝑘 𝐺 𝑘a,c ′ a 𝜏 𝑘a,c ′ a 𝑘≠a ∑ 𝑥 𝑘 𝐺 𝑘a,c ′ a 𝑘≠a ) c ′ ∑ 𝑥 c ′′ c ′′ a (20) ln 𝛾 c NRTL 𝑍 c = ∑ 𝑥 a ′ ∑ 𝑥 𝑘 𝐺 𝑘c,a ′ c 𝜏 𝑘c,a ′ c 𝑘 ∑ 𝑥 𝑘 𝐺 𝑘c,a ′ c 𝑘 a ′ ∑ 𝑥 a ′′ a ′′ + ∑ 𝑥 m 𝐺 cm ∑ 𝑥 𝑘 𝐺 𝑘m 𝑘 (𝜏 cm - ∑ 𝑥 𝑘 𝐺 𝑘m 𝜏 𝑘m 𝑘 ∑ 𝑥 𝑘 𝐺 𝑘m 𝑘 ) 𝑚 + ∑ ∑ 𝑥 c ′ 𝑥 a 𝐺 ca,c ′ a ∑ 𝑥 𝑘 𝐺 𝑘a,c ′ a 𝑘 (𝜏 ca,c ′ a - ∑ 𝑥 𝑘 𝐺 𝑘a,c ′ a 𝜏 𝑘a,c ′ a 𝑘≠a ∑ 𝑥 𝑘 𝐺 𝑘a,c ′ a 𝑘≠a ) c ′ ∑ 𝑥 c ′′ c ′′ a (21) ln 𝛾 a NRTL 𝑍 a = ∑ 𝑥 c ′ ∑ 𝑥 𝑘 𝐺 𝑘a,c ′ a 𝜏 𝑘a,c ′ a 𝑘 ∑ 𝑥 𝑘 𝐺 𝑘a,c ′ a 𝑘 c ′ ∑ 𝑥 c ′′ c ′′ + ∑ 𝑥 m 𝐺 am ∑ 𝑥 𝑘 𝐺 𝑘m 𝑘 (𝜏 am - ∑ 𝑥 𝑘 𝐺 𝑘m 𝜏 𝑘m 𝑘 ∑ 𝑥 𝑘 𝐺 𝑘m 𝑘 ) 𝑚 + ∑ ∑ 𝑥 a ′ 𝑥 c 𝐺 ac,a ′ c ∑ 𝑥 𝑘 𝐺 𝑘c,a ′ c 𝑘 (𝜏 ac,a ′ c - ∑ 𝑥 𝑘 𝐺 𝑘c,a ′ c 𝜏 𝑘c,a ′ c 𝑘≠c ∑ 𝑥 𝑘 𝐺 𝑘c,a ′ c 𝑘≠c ) a ′
∑ 𝑥 a ′′ a ′′ c (22) where,

294 𝜏 ma,ca = 𝜏 am -𝜏 ca,m + 𝜏 m,ca (23) 
𝜏 am = -ln 𝐺 am 𝛼 am (24)

𝐺 am = ∑ 𝑥 c 𝐺 ca,m c ∑ 𝑥 c c ( 25 
)
𝛼 am = ∑ 𝑥 c 𝛼 ca,m c ∑ 𝑥 c c ( 26 
)
𝜏 mc,ac = 𝜏 cm -𝜏 ca,m + 𝜏 m,ca (27) 
𝜏 cm = -ln 𝐺 cm 𝛼 cm (28)

𝐺 cm = ∑ 𝑥 a 𝐺 ca,m a ∑ 𝑥 a a ( 29 
)
𝛼 cm = ∑ 𝑥 a 𝛼 ca,m a ∑ 𝑥 a a (30) 𝐺 = 𝑒 -𝛼𝜏 (31) 
Eqs. ( 18), ( 19), (21), and ( 22) are in the symmetrical convention. For ions, they can be converted into the rational unsymmetrical and molality conventions according to Eqs. ( 1) and ( 2).

The α parameters are interchangeable, i.e., αij = αji. In this work, there are only one cation and one anion in each mixture. Thus, the salt-salt parameters, 𝜏 ca,c ′ a = 𝜏 ca,c ′ and 𝜏 ac,a ′ c = 𝜏 ac,a ′ , are not relevant here. The adjustable parameters are αwater,alcohol, αwater,salt, αalcohol,salt, τwater,alcohol, τalcohol,water, τwater,salt, τsalt,water, τalcohol,salt, and τalcohol,salt. In short, these parameters are noted as αwa, αws, αas, τwa, τaw, τws, τsw, τas, and τas. αwa = 0.3, αws = 0.2, and αas = 0.2 are taken according to common practice [START_REF] Chen | Generalized Electrolyte-NRTL Model for Mixed-Solvent Electrolyte Systems[END_REF] . There is no adjustable parameter in the PDH and Born terms. Therefore, the remaining adjustable parameters are the τ parameters. In addition, a temperature dependence is introduced for τ:

𝜏 = 𝜏 0 + 𝜏 1 ( 1 𝑇 - 1 𝑇 0 ) (32) 
where 𝜏 0 is obtained at 𝑇 0 , at which isothermal datasets are usually available, typically at 298.15 K, while 𝜏 1 is obtained with datasets at other temperatures.

Is consistency an issue?

Because that the difference between the consistent and original E-NRTL models is only with solvent composition derivatives, and that MIAC only involves ion composition derivatives, the consistent modification has no impact on MIAC. Thus, the parameters of the consistent and original E-NRTL models are identical for OF-M. Table 1 shows the ADs and MDs of the consistent and original E-NRTL models with OF-M and OF-MV. For vapor pressure, the relative deviation is taken (see Eq. ( 9)). For vapor phase molar fraction and MIAC, the absolute deviation is taken, because these data are in general between 0 and 1, and thus the relative deviations are exaggerated when the values are small. In the cases with OF-M, VLE is predicted. For the methanol mixtures, with OF-M, the consistent E-NRTL model predicts both VLE p and y more accurately than the original model; with OF-MV, there is no significant difference between the consistent and original E-NRTL models. For the ethanol mixtures, however, with either OF-M or OF-MV, the difference between the consistent and original E-NRTL models is not significant in terms of the ADs and 319

MDs of MIAC and VLE. However, the more significant differences in trends are masked by the AD and MD values.

Figure 4 shows the comparison of the solvent activity coefficients of (water + methanol + NaCl) calculated using the consistent and original E-NRTL models with OF-M and OF-MV. The line types denote the different models. The colors denote the salt compositions. The lines and dots in the upper part of the graph are alcohol activity coefficient, while those in the lower part are water activity coefficient. The latter is close to unity for all the mixtures in the entire data ranges, and does not represent a good criterion against the models. Thus, here the analysis focuses on the alcohol activity coefficient. Figures for (water + methanol + KCl), (water + ethanol + NaCl/KCl) are provided in the Supporting Information. With OF-MV, the results calculated with the consistent and original E-NRTL models almost overlap. With OF-M, the results calculated with the consistent E-NRTL model is closer to the experimental data compared to the original model for all the mixtures. Therefore, although not to the level of the OF-MV results, VLE is predicted more accurately with the consistent model compared to the original model, when only MIAC is available, which is often the case as shown in the data summary in Section 6. A table is provided in the Supporting Information for the parameters. For all the mixtures, the parameters regressed with OF-M and OF-MV are closer for the consistent model compared to the original, which confirms that the MIAC and VLE properties are better reconciled when calculated using the consistent E-NRTL model. In addition, the alcohol activity coefficient of the methanol mixtures present larger deviations with OF-M. Figure 5 shows the vapor pressure of (water + methanol + NaCl) with 10% and 30% weight fraction methanol (salt-free basis) with OF-M and OF-MV at 298.15 K. As salt composition increases, the experimental vapor pressure increases, i.e., the salting out behavior dominates vapor pressure change even at this low alcohol composition; the consistent and original E-NRTL models with OF-MV capture this behavior; while the models with OF-M fail to capture this behavior, which results in the comparatively larger deviations as shown in Table 1. To sum up, with OF-MV, there is no significant difference between the consistent and original E-NRTL models; with OF-M, the consistent E-NRTL model is more accurate than the original model, in terms of both VLE results and trends of solvent activity coefficients. In the following context, unless specifically noted, the consistent E-NRTL model is analyzed; "E-NRTL" refers to the consistent model.

E-NRTL at larger salt composition

This section investigates how the E-NRTL model extrapolates to larger salt composition. The aim is to find a cut-off salt composition that can be used in data selection, rather than to obtain accurate results in as large range as possible. We find that the E-NRTL model is not accurate for both aqueous and mixed-solvent electrolyte solutions at large salt composition.

Results of (water + salt) binary mixtures are shown rather than those of (water + alcohol + salt) ternary mixtures, because the former are confirmed by experimental data from various sources.

Figures 6 and7 show the deviations of vapor pressure calculated with the E-NRTL model with OF-MV and parameters regressed in the region up to 𝑥 ion = 0.06 and in the entire 𝑥 ion range for (water + NaCl) and (water + LiCl). Results for MIAC is not significantly different within 𝑥 ion = 0.06 and is presented in the Supporting Information. References for the experimental datasets are provided in the Supporting Information. The red and blue dots are the same datasets compared with the E-NRTL model using different parameters. In this work, all electrolyte solution data (MIAC and VLE, aqueous and mixed-solvent) are cut off at 𝑥 ion = 0.06 when parameters are regressed. There are three scenarios following this cut off. For salts with low solubility, e.g., KCl and NaF, the cut off covers all or most of the solubility range. Thus, the cut off 𝑥 ion is close to the solubility limit, i.e., the parameters regressed up to 𝑥 ion = 0.06 applies up to the solubility limit. For salts with solubility that is moderately larger than 𝑥 ion = 0.06, e.g., NaCl, MIAC and VLE calculated with parameters regressed up to 𝑥 ion = 0.06 are slightly more accurate at lower salt composition compared to those calculated with parameters regressed in the entire 𝑥 ion range (approximately up to 𝑥 ion = 0.09); however, deviations increase drastically beyond 𝑥 ion = 0.06 and reach 0.15 at 𝑥 ion = 0.09, while the deviation of MIAC calculated with parameters regressed in the entire 𝑥 ion range is within 0.05 at 𝑥 ion = 0.09; for vapor pressure, the increase of deviation is much smaller in the large 𝑥 ion range compared to that of MIAC, being slightly larger than 3% at the solubility limit. When regressed to MIAC and VLE data in the entire composition range, the obtained parameters are exactly the same as those reported by Yan and Chen [START_REF] Yan | Thermodynamic Representation of the NaCl+Na2SO4+H2O System with Electrolyte NRTL Model[END_REF] , i.e., τsw = -4.54, τws = 8.86.

For salts with solubility that is much larger than 𝑥 ion = 0.06, e.g., LiCl, however, although VLE is included in the objective function along with MIAC, regression in the entire 𝑥 ion range results in large deviation in vapor pressure (up to 50%) in both low and high salt composition ranges. To sum up, regression to the entire 𝑥 ion range can improve accuracy in the high salt composition range for salts with solubility that is moderately larger than 𝑥 ion = 0.06, but cannot for salts with solubility that is much larger than 𝑥 ion = 0.06 (e.g., LiCl); in both cases, accuracy in the low salt composition range is worse compared to that calculated using parameters regressed up to 𝑥 ion = 0.06. It is necessary to account for model capability when selecting the range of data used in parameter regression rather than use everything available. Furthermore, salts present very different solubility, while cutting off at certain 𝑥 ion provides a common ground that facilitates finding parameter trends. Therefore, although the deviations are larger at the high salt composition for the (water + NaCl) case, it is still decided that all data are cut off at 𝑥 ion = 0.06. The model is here used to obtain a guide for data selection, rather than to obtain accurate results in large ranges. 

Data consistency analysis

This section presents results for the data consistency analysis. The impact of the objective functions (Section 4.1) and the selection of water-salt parameters (Section 4.2) are discussed. Then, the determination of the alcohol-salt parameters and the ternary results (Section 4.3) are shown.

Impact of the objective functions

In this section, the impact of the objective functions are analyzed. OF-M, OF-V, and OF-MV are compared. In Table 2, the three objective functions are tested on (water + ethanol + NaCl). The resulting deviations on MIAC and VLE are evaluated. For OF-M, VLE results are predicted. For OF-V, MIAC results are predicted. The analysis is performed with two sets of water-salt parameters and different upper and lower bounds for the alcohol-salt parameters. Let us first focus on the 1st water-salt parameter set, which is the recommended set. The 2nd parameter set will be discussed in Section 4.2. Alcohol-salt parameters are optimized in two ranges [(-5, -1), (4, 12)] and [ (4, 16), (4, 8)] (extended when boundaries are reached in optimizations), which are found to be reasonable ranges using a trial-and-error procedure.

One can observe that different optimal parameter sets could be found when different parameter ranges are imposed, indicating possible local minima in the OFs. In Table 2, results calculated with OF-M and OF-MV are approximately as good, only slightly better with the parameter set obtained in [(-5, -1), (4, 12)]. However, OF-V results in large deviations from the MIAC datasets, when parameters are regressed in both ranges. Therefore, in the cases that VLE is not available, VLE predictions are acceptable when using parameters regressed only based on MIAC; however, in the cases that MIAC is not available, MIAC predictions are likely to be far off when using parameters regressed only based on VLE.

Table 2. Alcohol-salt parameters regressed in different ranges and deviations of the E-NRTL model for (water + ethanol + NaCl) with two sets of water-salt parameters (1st set: 𝜏 sw = -4.2915, 𝜏 ws = 8.2464; 2nd set: 𝜏 sw = -1.0391, 𝜏 ws = -4.4583). The information provided in the column on the left of the parameter values are the ranges in which the parameters are regressed. AD stands for average deviation. MD stands for maximum deviation. Predicted values are shown in italic and blue. Objective functions are as defined in Section 2.4. τ wa & τ aw OF τ sa τ as α Esteso et al. [START_REF] Esteso | Activity Coefficients for NaCl in Ethanol-Water Mixtures at 25 C[END_REF] Mamontov et al. [START_REF] Mamontov | Water-Ethanol-Sodium Chloride System: The Main Sources of Uncertainties in Thermodynamic Properties Determined by Potentiometry[END_REF] Yang et al. [START_REF] Yang | Mean Molal Activity of Sodium Chloride, Potassium Chloride, and Cesium Chloride in Ethanol-Water Mixtures[END_REF] p y 

100AD 100MD 100AD 100MD 100AD 100MD 100AD 100MD 1st M (-5, - 1 

Selection of water-salt parameters

Modeling the aqueous electrolyte solutions is "simple". Usually, a few sets of parameters result in approximately the same accuracy level. However, these parameters are not as good when extended to mixed-solvent electrolyte solutions. In Table 2 for the VLE dataset. Furthermore, the alcohol-salt parameter set is very different for the two watersalt parameter sets. Thus, the optimal parameters for the water-salt and alcohol-salt pairs are not independent. Therefore, in this work, parameters are regressed near the water-NaCl parameters as a first attempt for all the other water-salt pairs, which turns out to work very well.

Alcohol-salt parameters and ternary results

Table 3 shows the regressed parameters of the E-NRTL model for the (water + methanol/ethanol + alkali halide) mixtures. Parameters are regressed according to Eq. ( 9). Wateralcohol parameters are regressed to OF-V. Water-salt and alcohol-salt parameters are regressed to OF-M or OF-MV, depending on the data availability and reliability. The overall average deviations (ADs) of the E-NRTL model from experimental datasets are presented in Table 5 along with results calculated using the other parameterization strategies. The Table 3. Parameters of the E-NRTL model for the (water + methanol/ethanol + alkali halide) mixtures.

Water-alcohol parameters are regressed to OF-V. Water-salt and alcohol-salt parameters are regressed to OF-M or OF-MV, depending on the data availability and reliability. The used (water + salt) datasets are summarized in the Supporting Information. The relevant (water + alcohol + salt) datasets are summarized in Table 4. Solvent-salt parameters that are regressed to OF-M and OF-MV are marked as bold.

Parameters that are determined based on unreliable (uncertain) datasets are marked as italic and blue. Solvent-salt parameters that are regressed to OF-V are marked as green.

Binary pair (i-j) α A 𝜏 0,𝑗𝑖 𝜏 0,𝑖𝑗 𝜏 

Benchmark database

In this section, the benchmark databases of the aqueous and mixed-solvent electrolyte solutions are presented.

Database for aqueous electrolyte solutions

Compared to the data status of the mixed-solvent electrolyte solutions, that of the aqueous electrolyte binary mixtures is much more extensive, which facilitates selection of the datasets that are validated in higher accuracy. Thus, only the selected datasets are shown here. The accepted MIAC and VLE datasets of the (water + salt) mixtures are summarized in the Supporting Information. The maximum xion column in the summary table shows the maximum value in the entire dataset. However, only the part that is smaller than xion = 0.06 is used in the regression and comparison, because the E-NRTL model deviates significantly from experimental values at large salt composition, as discussed in Section 3.3.

Database for mixed-solvent electrolyte solutions

The MIAC and VLE datasets of the (water + alcohol + salt) mixed-solvent electrolyte solutions are summarized in Table 4. Compared to the data status of the aqueous electrolyte solutions, that of the mixed-solvent electrolyte solutions is much less extensive. In some cases, there is only one dataset, or there are datasets that are contradictory to each other, so that they cannot be verified. Therefore, datasets are marked as "R" (recommended), "T" (tentative), and "U" (unknown). Group R denotes datasets that have been verified against other datasets with deviations within a few percent, e.g., the datasets of (water + methanol + NaCl). In many cases, such verifications are not possible, because data are scarce or contradictory between difference sources.

In these cases, when there is only one dataset for the mixture, group T denotes datasets that are considered reliable by us, based on data trends and ranges, while group U denotes datasets that are considered unreliable by us. When there are multiple datasets available for the mixture, group T denotes datasets that deviate from each other but not by too much, while group U denotes datasets that deviate from each other by a lot so that it is not possible to decide which one or ones are reliable. As discussed in Section 2.1, experimental literature does not report the combined uncertainty of MIAC. For group R datasets, data from different sources agree with each other within a few percent; in most cases, one can expect the data to be very accurate. For group T datasets, discrepancy between data of different sources exceed 10% at boundaries of data ranges.

For group U datasets, as no comparison can be made between data of different sources, accuracy cannot be estimated. The data tables are provided in the Supporting Information. Group R and T datasets are provided in the same file, while group U datasets are provided in a separate file. For datasets that are marked as T and U, reasons are given in the following text in this section. These explanations are to be read together with the dataset summary in Table 4.

For (water + methanol + LiCl), although there are a few datasets, they do not agree with each other. The Hu et al. dataset [START_REF] Hu | Activity Coefficients of Lithium Chloride in ROH/Water Mixed Solvent (R = Me, Et) Using the Electromotive Force Method at 298[END_REF] is smaller than the Harned dataset 74 by a few percent, while the datasets from the Mussini group [START_REF] Mussini | Thermodynamics of the Cell {Li-Amalgam | LiX (m) | AgX | Ag} (X = Cl,Br) and Medium Effects upon LiX in (Acetonitrile + Water), (1,4-Dioxane + Water), and (Methanol + Water) Solvent Mixtures with Related Solvation Parameters[END_REF][START_REF] Basili | Transference Numbers of Alkali Chlorides and Characterization of Salt Bridges for Use in Methanol+water Mixed Solvents[END_REF] is larger by a few percent. A maximum deviation that is approximately 10% is observed in the only VLE dataset [START_REF] Broul | Liquid-Vapour Equilibrium in Systems of Electrolytic Components. V. The System CH3OH-H2O-LiCl at 60 °C[END_REF] as it is regressed along with the MIAC datasets. Therefore, these datasets are all marked as T. For this mixture, there is another MIAC dataset [START_REF] Akerlof | Activity Coefficients of Sodium, Potassium and Lithium Chlorides and Hydrochloric Acid at Infinite Dilution in Water-Methyl Alcohol Mixtures[END_REF] , which also covers a few other mixtures in Table 4. However, it is rejected because that scattering is up to a few percent within their own datasets for a few mixtures, and that these datasets do not agree with the R datasets that are available for some of these mixtures. There is another VLE dataset [START_REF] Boone | The Correlation of Vapor-Liquid Equilibrium Data for Salt-Containing Systems[END_REF] . However, after regression, large deviations are observed for vapor phase molar fraction, which indicates that it is not reliable. Furthermore, datasets from the same reference are found to deviate significantly from the R datasets of a few other mixtures. Therefore, they are not included in the table.

For (water + methanol + NaCl), apart from the datasets summarized in Table 4, there are a few other datasets for MIAC and VLE [START_REF] Harned | A Rule for the Calculation of the Activity Coefficients of Salts in Organic Solvent-Water Mixtures[END_REF][START_REF] Akerlof | Activity Coefficients of Sodium, Potassium and Lithium Chlorides and Hydrochloric Acid at Infinite Dilution in Water-Methyl Alcohol Mixtures[END_REF][START_REF] Yan | Activity Coefficients of Sodium Chloride in Methanol-Water Mixed Solvents at 298[END_REF][100][101][102] . However, the R datasets agree very well with each other. Therefore, these datasets are not included in the table. For MIAC, datasets from references [START_REF] Akerlof | Activity Coefficients of Sodium, Potassium and Lithium Chlorides and Hydrochloric Acid at Infinite Dilution in Water-Methyl Alcohol Mixtures[END_REF][START_REF] Yan | Activity Coefficients of Sodium Chloride in Methanol-Water Mixed Solvents at 298[END_REF] deviate significantly from the R datasets, while datasets from references [START_REF] Harned | A Rule for the Calculation of the Activity Coefficients of Salts in Organic Solvent-Water Mixtures[END_REF]100,101 deviate from the R datasets by only a few percent. For VLE, there is another dataset 102 . However, the vapor phase molar fraction deviates significantly from the R datasets.

For (water + methanol + KCl), the Harned [START_REF] Harned | A Rule for the Calculation of the Activity Coefficients of Salts in Organic Solvent-Water Mixtures[END_REF] dataset is marked as T because the Basili et al. [START_REF] Basili | Thermodynamics of the Amalgam Cell: {MexHg1-X|MeCl(m)| AgCl| Ag} (with Me = K, Rb) in (Methanol+water) Solvent Mixtures[END_REF] dataset agrees very well when regressed together with the VLE datasets [START_REF] Yang | Vapor-Liquid Equilibria of Water + Methanol in the Presence of Mixed Salts[END_REF][START_REF] Johnson | Salt Effect in Vapor-Liquid Equilibrium[END_REF] , while it deviates by a few percent. Because the Basili et al. [START_REF] Basili | Thermodynamics of the Amalgam Cell: {MexHg1-X|MeCl(m)| AgCl| Ag} (with Me = K, Rb) in (Methanol+water) Solvent Mixtures[END_REF] MIAC dataset covers larger composition range, the Harned [START_REF] Harned | A Rule for the Calculation of the Activity Coefficients of Salts in Organic Solvent-Water Mixtures[END_REF] dataset is not included in parameter regression. There are another MIAC dataset [START_REF] Akerlof | Activity Coefficients of Sodium, Potassium and Lithium Chlorides and Hydrochloric Acid at Infinite Dilution in Water-Methyl Alcohol Mixtures[END_REF] and another VLE dataset [START_REF] Boone | The Correlation of Vapor-Liquid Equilibrium Data for Salt-Containing Systems[END_REF] . However, they are not included in this table because they deviate from the R and T datasets significantly.

For (water + methanol + CsCl), the three available MIAC datasets [START_REF] Hu | Determination of Activity Coefficients for Cesium Chloride in Methanol-Water and Ethanol-Water Mixed Solvents by Electromotive Force Measurements at 298[END_REF][START_REF] Cui | Activity Coefficients of Rubidium Chloride and Cesium Chloride in Methanol-Water Mixtures and a Comparative Study of Pitzer and Pitzer-Simonson-Clegg Models (298.15 K)[END_REF][START_REF] Falciola | Thermodynamics of the Amalgam Cells {Cs-Amalgam|CsX (m)|AgX|Ag} (X = Cl, Br, I) and Primary Medium Effects in (Methanol + Water), (Acetonitrile + Water), and (1,4-Dioxane + Water) Solvent Mixtures[END_REF] deviate significantly from each other. Therefore, no conclusion can be drawn and they are marked as U.

For (water + methanol + NaF), the Boone et al. VLE dataset [START_REF] Boone | The Correlation of Vapor-Liquid Equilibrium Data for Salt-Containing Systems[END_REF] is marked as U because that it cannot be regressed to an accuracy within 10% even though NaF has a very low salt solubility, and that datasets from the same reference are found to deviate significantly from the R datasets of a few other mixtures.

For (water + methanol + NaBr), the MIAC dataset [START_REF] Han | Thermodynamics of the Sodium Bromide-Methanol-Water and Sodium Bromide-Ethanol-Water Two Ternary Systems by the Measurements of Electromotive Force at 298.15K. Fluid Phase Equilib[END_REF] [START_REF] Yang | Vapor-Liquid Equilibria of Water + Methanol in the Presence of Mixed Salts[END_REF] . However, datasets from the same reference have been verified for other mixtures. In addition, it is represented well with the E-NRTL model. Furthermore, the Yang and Lee dataset only covers small alcohol composition, and thus can be considered to be verified against the accepted (water + NaBr) datasets. Therefore, it is marked as T.

For (water + methanol + CsI), the Falciola et al. [START_REF] Falciola | Thermodynamics of the Amalgam Cells {Cs-Amalgam|CsX (m)|AgX|Ag} (X = Cl, Br, I) and Primary Medium Effects in (Methanol + Water), (Acetonitrile + Water), and (1,4-Dioxane + Water) Solvent Mixtures[END_REF] dataset is the only available dataset, and thus cannot be verified. In addition, the Falciola et al. dataset present a strange behavior at high alcohol composition (75% weight fraction on the salt-free basis): at 0.018 ion-based molar fraction (approximately 0.5 M), MIAC increases to as large as 5. Such behavior is not observed in the (water + methanol + CsCl) and (water + methanol + CsBr) datasets and the lower-alcohol-composition part of the (water + methanol + CsI) dataset from the same reference, and cannot be represented

with the E-NRTL model. Therefore, it is marked as U.

For (water + methanol + CsBr), the Falciola et al. [START_REF] Falciola | Thermodynamics of the Amalgam Cells {Cs-Amalgam|CsX (m)|AgX|Ag} (X = Cl, Br, I) and Primary Medium Effects in (Methanol + Water), (Acetonitrile + Water), and (1,4-Dioxane + Water) Solvent Mixtures[END_REF] dataset is also marked as U. There is another dataset for this mixture by Du et al. [START_REF] Du | Activity Coefficients for CsBr + MeOH/EtOH + H2O Ternary Systems Using Potentiometric Measurements at 298[END_REF] . However, MIAC decreases to very small values in the Du et al. [START_REF] Du | Activity Coefficients for CsBr + MeOH/EtOH + H2O Ternary Systems Using Potentiometric Measurements at 298[END_REF] dataset. Such behavior is not observed in any of the R and T datasets of the investigated mixtures. Therefore, it is not included in Table 4.

For (water + ethanol + LiCl), the two MIAC datasets [START_REF] Hu | Activity Coefficients of Lithium Chloride in ROH/Water Mixed Solvent (R = Me, Et) Using the Electromotive Force Method at 298[END_REF][START_REF] Hernández-Luis | Activity Coefficients of LiCl in Ethanol -Water Mixtures at 298[END_REF] and the VLE dataset [START_REF] Shaw | The Behavior of Electrolytes in Mixed Solvents. Part II. -The Effect of Lithium Chloride on the Activities of Water and Alcohol in Mixed Solvents[END_REF] do not agree with each other. The 5%-15% ethanol weight fraction (salt-free basis) data from the Hu et al. [START_REF] Hu | Activity Coefficients of Lithium Chloride in ROH/Water Mixed Solvent (R = Me, Et) Using the Electromotive Force Method at 298[END_REF] dataset is smaller than the 20% data from the Hernandez-Luis dataset [START_REF] Hernández-Luis | Activity Coefficients of LiCl in Ethanol -Water Mixtures at 298[END_REF] , which is against the overall trend that MIAC is smaller for the data at larger alcohol composition. Regression with the two MIAC datasets together with the VLE dataset does not result in any preference between them. In addition, there are two other VLE datasets [START_REF] Sun | Molecular Thermodynamics of Salt Effect in Vapor-Liquid Equilibrium -Calculation of Isobaric VLE Salt Effect Parameters for Ethanol-Water-1-1 Type Electrolyte Systems[END_REF]103 . However, they present vapor phase molar fraction that deviates significantly after regression, which is very unlikely for reliable data. Therefore, they are not included in the table. A dataset from reference 103 is also rejected after comparison with the recommended datasets for (water + ethanol + NaCl). However, datasets from reference [START_REF] Sun | Molecular Thermodynamics of Salt Effect in Vapor-Liquid Equilibrium -Calculation of Isobaric VLE Salt Effect Parameters for Ethanol-Water-1-1 Type Electrolyte Systems[END_REF] agrees well with the other R datasets for (water + ethanol + KCl) (marked as R), (water + ethanol + KI) (marked as R), and (water + ethanol + NaBr) (marked as T because the quality of other datasets of this mixture is not as good as that of the KCl and KI mixtures). In the meantime, being the only dataset for (water + ethanol + LiBr), a dataset from the same reference cannot be represented accurately after regression, and is marked as U.

For (water + ethanol + NaCl), in addition to the VLE dataset from reference 103 , there is an additional MIAC dataset 104 that is not included in Table 4, because it deviates significantly from the R datasets. The Meyer et al. [START_REF] Meyer | Low-Pressure Isobarle Vapor-Liquid Equilibria of Ethanol/Water Mixtures Containing Electrolytes[END_REF] dataset is marked as T, because its vapor phase molar fraction deviation is slightly larger than 10% after regression, while the other datasets agree very well with the model. Despite this, it is included in the table because it is the only VLE dataset at temperatures other than 298.15 K.

For (water + ethanol + CsCl), the Mussini et al. [START_REF] Mussini | Thermodynamics of the Cell: {MexHg1-x|MeCl(m)|AgCl|Ag} (Me = Na,K,Cs) in (Ethanol + Water) Solvent Mixtures[END_REF] dataset is marked as T. It is represented very well with the E-NRTL model. There is another MIAC dataset for this mixture by Hu et al. [START_REF] Hu | Determination of Activity Coefficients for Cesium Chloride in Methanol-Water and Ethanol-Water Mixed Solvents by Electromotive Force Measurements at 298[END_REF] .

However, the data decreases to very small values at smaller than 0.008 ion-based molar fraction.

Such behavior is not observed in any other investigated mixtures. A dataset from reference [START_REF] Hu | Determination of Activity Coefficients for Cesium Chloride in Methanol-Water and Ethanol-Water Mixed Solvents by Electromotive Force Measurements at 298[END_REF] is among the three MIAC datasets of (water + methanol + CsCl) that are contradictory to each other.

In addition, a dataset from the same reference is rejected in the evaluation for the (water + CsCl) datasets, although not because of wrong trend, but rather only because of relatively larger deviations compared to the accepted datasets. Therefore, the Hu et al. [START_REF] Hu | Determination of Activity Coefficients for Cesium Chloride in Methanol-Water and Ethanol-Water Mixed Solvents by Electromotive Force Measurements at 298[END_REF] dataset is not included in Table 4.

For (water + ethanol + NaF), the Hernandez-Luis et al. dataset [START_REF] Hernández-Luis | Activity Coefficients for NaF in Methanol-Water and Ethanol-Water Mixtures at 25 °C[END_REF] is the only available dataset.

Although it is not verified against other datasets, it is unlikely to be far off because of the very small solubility of NaF. In addition, it is very well represented with the E-NRTL model. Therefore, it is marked as T.

For (water + ethanol + NaBr), in the same range as the Gonzalez-Dias et al. dataset [START_REF] González-Díaz | Activity Coefficients for NaBr in Ethanol-Water Mixtures at 25 °C[END_REF] , the Han and Pan dataset 88 is slightly smaller. Furthermore, at larger salt composition, the upward curvature that seems quite artificial cannot be represented with the E-NRTL model. There is no dataset to verify the Han and Pan dataset, considering that the only VLE dataset is from a reference 92 in which datasets have been evaluated to be unreliable for a few other mixtures. In addition, a dataset is marked as U from the reference [START_REF] Han | Thermodynamics of the Sodium Bromide-Methanol-Water and Sodium Bromide-Ethanol-Water Two Ternary Systems by the Measurements of Electromotive Force at 298.15K. Fluid Phase Equilib[END_REF] for (water + methanol + NaBr). Therefore, the VLE dataset are marked as T, while the MIAC datasets are both marked as U. However, because no dataset of better quality is available, all three datasets have been used in the regression.

For (water + ethanol + KBr) and (water + ethanol + NaI), each mixture only has one VLE dataset [START_REF] Burns | Advances in Chemistry, Thermodynamic Behavior of Electrolytes 51 in Mixed Solvents[END_REF][START_REF] Yamamoto | Salt Effect of CACL2, NH4i and NAI on Vapor-Liquid Equilibrium of Ethanol + Water System at 298[END_REF] . Thus, they are not verified, but are represented very well with the E-NRTL model.

Therefore, they are marked as T.

For (water + ethanol + CsBr), the only dataset is from reference [START_REF] Du | Activity Coefficients for CsBr + MeOH/EtOH + H2O Ternary Systems Using Potentiometric Measurements at 298[END_REF] . It has the same problem as the (water + methanol + CsBr) from the same reference, presenting very small MIAC values that are not observed in any of the R and T datasets in the investigated mixtures. Therefore, it is marked as U.

For (water + ethanol + KI), there is another VLE dataset 105 that deviates significantly from the T dataset. It is not included in Table 4. The Sun [START_REF] Sun | Molecular Thermodynamics of Salt Effect in Vapor-Liquid Equilibrium -Calculation of Isobaric VLE Salt Effect Parameters for Ethanol-Water-1-1 Type Electrolyte Systems[END_REF] dataset deviates more compared to the T dataset after regression. Considering that datasets from the same reference also present larger deviations compared to the R datasets of other mixtures when more detailed comparisons are possible, the Sun [START_REF] Sun | Molecular Thermodynamics of Salt Effect in Vapor-Liquid Equilibrium -Calculation of Isobaric VLE Salt Effect Parameters for Ethanol-Water-1-1 Type Electrolyte Systems[END_REF] dataset is marked U. Therefore, the remaining VLE dataset cannot be verified, and is marked as T.

Figure 9 shows the data status of the (water + methanol/ethanol + alkali halide) ternary mixtures. As the datasets are evaluated, 13 of the 20 mixtures for which experimental data are available can be confirmed against data from other sources. From the perspectives of data quality and availability, we recommend that further experimental work be conducted on mixtures that only have U datasets (red), and on mixtures that have not been measured yet (white). The orange color denotes that there are R or T data for VLE only. The red color denotes that all available data are marked as U. The white color denotes that there are no data.

Conclusions and perspectives

In this work, a benchmark database for (water + methanol/ethanol + alkali halide) mixedsolvent electrolyte solutions is presented. A consistent E-NRTL model that satisfies the Gibbs-Duhem equation is utilized for data analysis, reconciling solvent and ion composition derivatives of the excess Gibbs energy, and thus reconciling MIAC and VLE. Major conclusions are:

1. Available experimental data of MIAC and VLE are comprehensively collected and critically evaluated for the 61 datasets of 20 solutions. The resulting benchmark database covers 1413 data records from 32 datasets for 13 solutions. Evaluated datasets that are used in the parameterization of the relevant water-salt pair are also presented.

2.

The consistent E-NRTL model is compared against the widely used original E-NRTL model.

Results and parameters indicate that the consistent model better reconciles MIAC and VLE, especially the salting out effect of the co-solvent (alcohol) when it is highly diluted in water.

3. A consistency analysis is conducted within each solution. Impacts of the objective functions and water-salt parameters are discussed, facilitating the parameterization and data analysis.

Recommended parameters are obtained based on the obtained benchmark database.

Considering that alcohol and monovalent strong salts represent the simplest components in mixed-solvent electrolyte solutions, we propose that the database be used as a benchmark for model development and evaluation, as thermodynamic property models are extended to mixed-solvent electrolyte solutions. 

Nomenclature

Figure 1 .

 1 Figure 1. Data analysis framework.

2. 1

 1 Properties and their relationships with the activity coefficients MIAC and VLE include information about the derivatives of the excess Gibbs energy (G E ) with respect to salt and solvent molar fractions, as shown in Figure 2. The arrow direction denotes that the composition derivatives of G E are for the corresponding components. By definition, MIAC relates to the derivative of G E over the salt composition, while VLE relates to the derivative of G E over the solvent compositions. Therefore, they are ideal for model parameterization, and are included in the database.

Figure 2 .

 2 Figure 2. Schematics of the correspondence between the properties and composition derivatives of G E .

Figure 3 .

 3 Figure 3. Solvent activity coefficients derived from experimental VLE data 46 for (water + ethanol + KCl) at 298.15 K. The ionic and solvent activity coefficients are related to each other according to the Gibbs-Duhem equation. At constant T and p,

Figure 4 .

 4 Figure 4. Comparison of the solvent activity coefficients of (water + methanol + NaCl) calculated using the consistent and original E-NRTL models with OF-M and OF-MV at 298.15 K. The upper part of the graph is alcohol activity coefficient, while the lower part is water activity coefficient. The experimental data is from reference 68 .

Figure 5 .

 5 Figure 5. Vapor pressure of (water + methanol + NaCl) with 10% and 30% weight fraction methanol (saltfree basis) with OF-M and OF-MV at 298.15 K. The experimental data is from reference 68 .

Figure 6 .

 6 Figure 6. Deviations from experimental data of vapor pressure calculated with the E-NRTL model with OF-MV and parameters regressed in the region up to 𝑥 ion = 0.06 and in the entire 𝑥 ion range for (water + NaCl). References for the experimental datasets are provided in the Supporting Information.

Figure 7 .

 7 Figure 7. Deviations from experimental data of vapor pressure calculated with the E-NRTL model with OF-MV and parameters regressed in the region up to 𝑥 ion = 0.06 and in the entire 𝑥 ion range for (water + LiCl). References for the experimental datasets are provided in the Supporting Information.

  ADs and maximum deviations (MDs) for each dataset are presented in the Supporting Information.Deviations are only shown for the mixtures for which the parameters that are regressed to OF-M and OF-MV. Temperature and composition ranges of the entire dataset are also shown. The datasets are only compared up to 𝑥 ion = 0.06 and T = 400 K. The behavior of the model beyond the composition range has been discussed in Section 3.3. The impact of temperature is captured by the temperature gradient introduced in Eq.(32), by the temperature dependence of the pure fluid density and relative permittivity, and by the temperature dependence in the model formulation. The two temperature gradient parameters do not present any trend, even though VLE data at different temperatures are included in the regressions. Parameter degeneracy is observed between the two temperature gradients. Figure8shows the comparison of MIAC calculated using the E-NRTL model and the experimental data for (water + ethanol + NaCl). The agreement between the experimental datasets from different sources, and between the datasets and the E-NRTL model, confirms the reliability of the evaluated experimental data, as well as that of the regressed parameters.

Figure 8 .

 8 Figure 8. Comparison of MIAC calculated using the E-NRTL model and the experimental data 70,71 for (water + ethanol + NaCl): (a) 298.15 K at different ethanol compositions, (b) 40% weight fraction (saltfree basis) of ethanol at different temperatures

Figure 9 .

 9 Figure 9. Data status of the ternary mixtures: (a) (water + methanol + alkali halide), (b) (water + ethanol + alkali halide). The green color denotes that there are R data for both MIAC and VLE. The light green color denotes that there are R data for MIAC only. The blue color denotes that there are T data for MIAC.The orange color denotes that there are R or T data for VLE only. The red color denotes that all available data are marked as U. The white color denotes that there are no data.

  the salt-free basis x Molar fraction (in general or in the liquid phase) x 0 Composition in the original unit Molar fraction on the salt-free basis y Molar fraction in the vapor phase

  ∑ 𝑛 𝑖,solv d ln 𝑥 𝑖,solv 𝛾 𝑖,solv + 𝑛 𝑠 ∑ 𝜈d ln 𝑚 ± 𝛾 ±

					𝑚 = 0	(6)
	Therefore, MIAC and VLE are complementary to each other. Experimental data of these
	properties can be utilized to verify each other.
	2.2 Composition denotations	
	Experimental data were reported in many different conventions. Typically, for mixed-solvent
	electrolyte mixtures, solvent compositions were usually reported in molar fraction or weight
	fraction on the salt-free basis, while salt compositions were usually reported in molar fraction,
	molality, or molarity. Before any modeling work, these data need to be converted to the same unit,
	typically ion-based molar fraction, which is used in most models. For instance, the composition
	unit of salt-free molar fraction for solvent and molality for salt can be converted to ion-based molar
	fraction according to,	
	𝑥 𝑖,solvent =	0 𝑥 𝑗,solvent 𝑀 𝑗,solvent 𝑀 𝑗,solvent 𝑗 0 + 1000 g × ∑ 1000 g × ∑ 𝑗 𝜈𝑥 salt 𝑥 𝑗,solvent 0	(7)
	𝑥 𝑖,ion =	0 𝜈 𝑖 𝑥 salt 0 + 1000 g × ∑ 𝜈𝑥 salt	𝑗	0 𝑥 𝑗,solvent 𝑀 𝑗,solvent

Table 1 .

 1 Average deviations (ADs) and maximum deviations (MDs) of the consistent and original E-NRTL models with OF-M (MIAC) and OF-MV (MIAC and VLE). The prediction deviations are presented in italic and blue. Temperature and composition ranges of the experimental datasets are provided in Table4. Ion composition is cut off at 𝑥 ion = 0.06. The dataset includes data at other temperatures. Deviations in this table are for the 298.15 K part of the dataset.

	Mixture	Property Reference	Consistent, OF-M	Consistent, OF-MV	Original, OF-M	Original, OF-MV
				100AD 100MD 100AD	100MD	100AD 100MD 100AD 100MD
	(water + methanol + NaCl)	MIAC	Xu et al. 2014 66	0.56	1.4	0.60	1.4	0.56	1.4	0.64	1.5
			Basili et al. 1996 67	1.4	5.0	1.5	6.0	1.4	5.0	1.5	6.7
		VLE	Yang & Lee 1998 68 , p	6.0	12	2.2	5.5	8.2	14	2.2	5.5
			y	2.8	6.2	1.1	2.3	4.2	8.0	1.1	2.3
	(water + methanol + KCl)	MIAC	Basili et al. 1997 69	1.1	4.2	1.2	4.5	1.1	4.2	1.2	4.6
		VLE	Yang & Lee 1998 68 , p	3.3	7.4	1.8	4.3	4.5	8.7	1.7	4.3
			y	1.4	3.1	0.48	0.91	2.1	4.1	0.46	0.86
	(water + ethanol + NaCl)	MIAC	Esteso et al. 1989 70	2.4	7.2	2.4	7.2	2.4	7.2	2.5	7.3
			Mamontov et al. 2016 71 a	0.91	2.7	0.91	2.9	0.91	2.7	1.0	3.5
		VLE	Yang et al. 1979 46 , p	2.1	5.5	2.2	6.5	1.8	4.4	2.0	6.0
			y	1.9	3.4	1.6	3.3	2.8	4.3	1.8	3.5
	(water + ethanol + KCl)	MIAC	Mussini et al. 1995 72	0.88	1.7	0.88	1.8	0.88	1.7	0.90	1.7
		VLE	Yang et al. 1979 46 , p	2.0	3.7	2.4	4.0	0.98	2.6	2.3	4.0
			y	1.9	2.8	1.7	2.6	2.6	3.7	1.8	2.8
	Note: a										

  , an example is provided for the (water + ethanol + NaCl) case. The optimal alcohol-salt parameters and ternary results calculated with the E-NRTL model and two sets of water-salt parameters are presented. The 1st water-salt parameter set is (𝜏 sw = -4.2915, 𝜏 ws = 8.2464). The 2nd water-salt parameter set is (𝜏 sw = -1.0391, 𝜏 ws = -4.4583). The 1st water-salt parameter set is regressed in a range that is close to the values reported by Chen's group[START_REF] Chen | Generalized Electrolyte-NRTL Model for Mixed-Solvent Electrolyte Systems[END_REF][START_REF] Saravi | Bridging Two-Liquid Theory with Molecular Simulations for Electrolytes: An Investigation of Aqueous NaCl Solution[END_REF] . The 2nd parameter set is regressed in a different range. They are approximately as accurate for representing VLE and MIAC of the (water + NaCl) binary mixture.

However, for the (water + ethanol + NaCl) ternary mixture, for both OF-M and OF-MV, the 2nd parameter set is less accurate for representing ternary MIAC, although approximately as accurate

  The used (water + salt) datasets are summarized in the Supporting Information. Information of the used (water + alcohol + salt) datasets are summarized in Table4. In many cases, reliable MIAC data are available at 298.15 K. Thus, 𝜏 0,solvent-salt and 𝜏 0,salt-solvent are first regressed; then, if reliable data are available at other temperatures, the temperature gradients, 𝜏 1,solvent-salt and 𝜏 1,salt-solvent , are regressed. When data are not available at 298.15 K, the 𝜏 0 and 𝜏 1 parameters are regressed together. The water-salt parameters are regressed to (water + salt) data, while the alcohol-salt parameters are regressed to MV are marked as bold in the table. In some cases, only VLE data are available; the solventsalt parameters are regressed to OF-V, and are marked as green in the table. In a few cases for the mixed-solvent electrolyte mixtures, all the available datasets are decided to be unreliable after evaluation; the parameters are marked as blue and italic in the table. In some cases, data are only available at 298.15 K; no temperature gradient is given in the table. No trend is observed within the parameters. However, for all the water-salt pairs, the parameters are within a small range; for the alcohol-salt pairs, the parameters are more scattered, likely because of the lower consistency of the experimental datasets of the (water + alcohol + salt) ternary mixtures compared to those of the (water + salt) binary mixtures.

(water + alcohol + salt) data. As we have shown in Section 4.1, OF-M and OF-MV can be used in parameter regression, while OF-V results in large deviations in MIAC predictions. For most of the listed mixtures, MIAC data are available. Solvent-salt parameters that are regressed to OF-M and OF-

Table 4 .

 4 Summary of the experimental datasets for the (water + methanol/ethanol + alkali halide) 498 mixtures. The significance of the letters under "group" is explained in Section 5.2. 499

	1,𝑗𝑖	𝜏 1,𝑖𝑗

Table 5 .

 5 Overall ADs of the E-NRTL model from the experimental datasets

		100ADs	
		(water + methanol + salt) mixtures (water + ethanol + salt) mixtures
	MIAC 1.3	1.9
	VLE, p 2.0	2.4
	y	0.86	1.7

  and Boone et al. VLE dataset[START_REF] Boone | The Correlation of Vapor-Liquid Equilibrium Data for Salt-Containing Systems[END_REF] are marked as U, because they deviate significantly when regressed together. Plotted on the graph (as shown in the Supporting Information), the MIAC data are clustered unreasonably: 40% ethanol weight fraction (salt-free basis) data are clustered with 60% data; while large gaps are present between the 20% and 40% data, and between the 60% and 80% data. Such behavior is not successfully correlated with the E-NRTL model. Thus, verifications against the U MIAC datasets cannot conclude on the reliability of the Yang and Lee VLE dataset
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