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In this work, state-of-the-art ion-specific parameter sets for the ePPC-SAFT model are obtained for 15 aqueous alkali halide solutions based on extensively collected and critically evaluated databases. The association approach, which has been proven the best for accounting for the short-range interactions, is here extended to all the alkali halides. Efforts are made to improve modeling accuracy. The impact of anion association site number on modeling accuracy is investigated. Recommended parameter sets are presented. Only 7 adjustable parameters altogether are needed for the 4 salts with the same anion, e.g., NaBr, KBr, RbBr, and CsBr. It is found that Li + -water dispersion needs to be accounted for to reach the same accuracy for Li + salts as for the other salts. Thus, 7 parameters altogether are needed for LiCl, LiBr, and LiI. The obtained model and parameter sets are very accurate for correlating the properties included in the regression, mean-ionic activity coefficient, vapor-liquid equilibria, and density, and for predicting the osmotic coefficient. In all cases, maximum deviations are within a few percent. The contributions of the model terms are analyzed.

Introduction

Accurately modeling thermodynamic properties of aqueous electrolyte solutions is important in various applications. Although parameterization might be seen as a topic of secondary importance in many thermodynamics applications, this is not the case with electrolyte solutions. There are different approaches (salt-specific and ion-specific parameterizations), different interactions to account for, different properties (density, vapor pressure, activity coefficient, osmotic coefficient, enthalpy, etc.), and the very different data status for different mixtures (e.g., the data amount for NaCl is overwhelming, while the data for certain systems are very lacking). In a recent work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF], we systematically evaluated various approaches for modeling the short-range interactions (dispersion, association, and both) and relative static permittivity (RSP) of the ePPC-SAFT model [START_REF] Rozmus | Modeling of strong electrolytes with ePPC-SAFT up to high temperatures[END_REF][START_REF] Ahmed | Modeling of mixed-solvent electrolyte systems[END_REF][START_REF] Pinto | Temperature dependence and shortrange electrolytic interactions within the e-PPC-SAFT framework[END_REF] based on extensively collected and critically evaluated databases [START_REF] Yang | A benchmark database for mixedsolvent electrolyte solutions: Consistency analysis using E-NRTL[END_REF][START_REF] Yang | Reference density database for 20 aqueous alkali halide solutions[END_REF][START_REF] Vaque Aura | Data analysis for electrolyte systems: A method illustrated on alkali halides in water[END_REF]. Physical consistency was enforced in the parameter regression. We obtained highly accurate ion-specific parameters for the aqueous solutions of NaCl, KCl, RbCl, and CsCl. The model includes the PC-SAFT terms, the multipolar term, the MSA term, and the Born term. It was recommended to account for the ion-ion and ion-solvent short-range interactions using the Wertheim association term. The approach agrees with Wu and Prausnitz's [START_REF] Wu | Phase equilibria for systems containing hydrocarbons, water, and salt: An extended Peng-Robinson equation of state[END_REF] statement that the Born term "gives only part of the change in Helmholtz energy due to charging neutral particles because the interaction between water and the charged particles also depends on the electrostatic states", and that "additional association interactions between ions and solvent (water) molecules to represent interactions between charged ions and water" are necessary. Their model was applied only on the aqueous NaCl solution. Here we test the approach on all the alkali halides.

Aqueous alkali halides solutions are usually the first systems tested with electrolyte models [START_REF] Rozmus | Modeling of strong electrolytes with ePPC-SAFT up to high temperatures[END_REF][START_REF] Ahmed | Modeling of mixed-solvent electrolyte systems[END_REF][START_REF] Pinto | Temperature dependence and shortrange electrolytic interactions within the e-PPC-SAFT framework[END_REF][START_REF] Galindo | Phase behavior of electrolyte solutions with the statistical associating fluid theory for potentials of variable range[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] Eriksen | Development of intermolecular potential models for electrolyte solutions using an electrolyte SAFT-VR Mie equation of state[END_REF][START_REF] Cameretti | Modeling of aqueous electrolyte solutions with perturbed-chain statistical associated fluid theory[END_REF][START_REF] Held | EPC-SAFT revised[END_REF][START_REF] Bülow | ePC-SAFT advanced -Part I: Physical meaning of including a concentration-dependent dielectric constant in the born term and in the Debye-Hückel theory[END_REF][15][START_REF] Novak | Modeling of Gas Solubility in Aqueous Electrolyte Solutions with the eSAFT-VR Mie Equation of State[END_REF][START_REF] Maribo-Mogensen | An electrolyte CPA equation of state for mixed solvent electrolytes[END_REF][START_REF] Liu | A new equation of state for real aqueous ionic fluids based on electrolyte perturbation theory, mean spherical approximation and statistical associating fluid theory[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] Walker | Importance of the relative static permittivity in electrolyte SAFT-VR Mie equations of State[END_REF]. An advantage of ion-specific parameterization is that the pseudo-unary parameters are unique for each ion, facilitating transferability of parameters and simple extension to mixed-salt solutions when there is a common ion. Here we do not repeat the discussion on the available literature concerning activity coefficient models and equations of state for electrolyte solutions. For more details, please refer to the reviews [START_REF] Ahmed | Modeling of mixed-solvent electrolyte systems[END_REF][START_REF] Loehe | Recent advances in modeling thermodynamic properties of aqueous strong electrolyte systems[END_REF][START_REF] Kontogeorgis | The Debye-Hückel theory and its importance in modeling electrolyte solutions[END_REF][START_REF] Held | Thermodynamic g E models and equations of state for electrolytes in a water-poor medium: A review[END_REF] and the introduction section of our recent work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF].

The best approach was found from the previous work to be the ion-specific association approach for the short-range interactions. This approach is here extended to all aqueous alkali halide solutions, i.e., NaF, KF, RbF, CsF, NaBr, KBr, RbBr, CsBr, NaI, KI, RbI, CsI, LiCl, LiBr, and LiI. Parameters are obtained based on extensively collected and critically evaluated databases. The manuscript proceeds as follows. In Section 2, the model, database, and parameterization procedure are introduced. In Section 3, results are presented for the ePPC-SAFT model. Efforts are made to improve the modeling accuracy. Various aspects are discussed: the impact of anion association site number on modeling accuracy, F -ionic diameter consistency, full vs. association parameterization strategy for Li + . Based on these, the recommended parameter sets are proposed. In addition, contributions of the model terms are discussed. In Section 4, conclusions are presented.

Method

This section introduces the ePPC-SAFT model, the objective function and reference database, and the parameterization procedure.

ePPC-SAFT

The ePPC-SAFT (electrolyte polar perturbed chain statistical associating fluid theory) has been discussed in detail in previous works [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF][START_REF] Rozmus | Modeling of strong electrolytes with ePPC-SAFT up to high temperatures[END_REF][START_REF] Ahmed | Modeling of mixed-solvent electrolyte systems[END_REF][START_REF] Pinto | Temperature dependence and shortrange electrolytic interactions within the e-PPC-SAFT framework[END_REF]. The residual Helmholtz energy is given as: 𝐴 res = 𝐴 hc + 𝐴 disp + 𝐴 assoc + 𝐴 polar + 𝐴 MSA + 𝐴 Born (1)

where the superscript hc denotes hard chain, disp denotes dispersion, assoc denotes association, polar denotes multipolar as presented by Ref [START_REF] Jog | Application of dipolar chain theory to the phase behavior of polar fluids and mixtures[END_REF][START_REF] Nguyenhuynh | Application of GC-SAFT EOS to polar systems using a segment approach[END_REF][START_REF] Gubbins | Thermodynamics of polyatomic fluid mixtures-I theory[END_REF]. The primitive MSA [START_REF] Fürst | Representation of excess properties of electrolyte solutions using a new equation of state[END_REF][START_REF] Lebowitz | Mean spherical model for lattice gases with extended hard cores and continuum fluids[END_REF] is used for describing the long-range interaction between cation and anion. The primitive MSA or Debye-Hückel (DH) [START_REF] Debye | De la theorie des electrolytes. I. abaissement du point de congelation et phenomenes associes[END_REF] theories are usually used in electrolyte SAFT models, in which the solvent is treated as a dielectric continuum. Simonin and Bernard [START_REF] Simonin | Insight into the ionic atmosphere effect: Comparison of theories for electrolytes at the primitive level[END_REF] compared the MSA model with the DH theory and Pitzer's treatment [START_REF] Pitzer | Thermodynamics of electrolytes. I. Theoretical basis and general equations[END_REF], when used alone, and concluded that the MSA theory and Pitzer's treatment were of similar accuracy levels. Maribo-Mogensen et al. [START_REF] Maribo-Mogensen | Comparison of the Debye-Hückel and the mean spherical approximation theories for electrolyte solutions[END_REF] concluded that the theories are similar with the EoS framework. In this work, the primitive MSA term is used because it has been used in our previous works. The Born term [START_REF] Born | Volumen und hydratationswärme der ionen[END_REF] is included for describing the ion-solvent interaction.

For water, the parameter set from Ahmed et al. [START_REF] Ahmed | A New PC-SAFT Model for Pure Water, Water-Hydrocarbons, and Water-Oxygenates Systems and Subsequent Modeling of VLE, VLLE, and LLE[END_REF] is used. A temperature-dependent segment diameter is used for capturing the abnormal behavior of water density.

In previous works [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF][START_REF] Pinto | Temperature dependence and shortrange electrolytic interactions within the e-PPC-SAFT framework[END_REF], we have shown that modeling the short-range ion-ion and ionsolvent interactions using the Wertheim association term [START_REF] Chapman | SAFT: Equation-of-state solution model for associating fluids[END_REF] results in more accurate representation of thermodynamic properties compared to using the dispersion term and both dispersion and association. Furthermore, the obtained parameters followed ionic diameter consistency:

-The ionic hard sphere (HS) diameters were constrained to follow the same order as the Pauling diameters.

-The MSA diameters were constrained to be larger than the corresponding HS diameters in the regressions.

The cations, Na + , K + , Rb + , and Cs + , were assumed to have 7 association sites. The anion, Cl -, was assumed to have 6 sites. The sites were assumed to bond with solvent molecules and opposite ions. The relatively large site numbers are set considering the solvation cells of water molecules around the ions.

The Born diameters were obtained using the Born term and Gibbs energy of solvation data [START_REF] Fawcett | Thermodynamic parameters for the solvation of monatomic ions in water[END_REF], in the same approach as our previous works [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF][START_REF] Pinto | Temperature dependence and shortrange electrolytic interactions within the e-PPC-SAFT framework[END_REF]. In this approach, the Gibbs energy of solvation is accurately represented using the full SAFT model. In this work, the same approach is followed.

The Schreckenberg model [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] for the RSP is used:

𝜀 𝑟 = 1 + 𝑛 solv 𝑉 𝑑 𝑣 ( 𝑑 𝑇 𝑇 -1) (2) 
where 𝑛 solv is the number of moles of the solvent of volume V, T is in the unit of K, 𝑑 𝑣 = 0.3777 dm 3 /mol and 𝑑 𝑇 = 1403 K for water [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]. The impact of salt composition is accounted for only through the solution density. Compared to the experimental RSP data, the decrease with salt composition calculated using the Schreckenberg model is much less pronounced [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF]. However, Maribo-Mogensen et al. [START_REF] Maribo-Mogensen | Modeling of dielectric properties of aqueous salt solutions with an equation of state[END_REF] suggested that the kinetic depolarization part of the RSP, which was more than half of the observed decrease (Figure 1 in Ref [START_REF] Maribo-Mogensen | Modeling of dielectric properties of aqueous salt solutions with an equation of state[END_REF]), was a dynamic property, and should not be included in the thermodynamic modeling of electrolytes. Furthermore, in an attempt to regress an empirical RSP model [START_REF] Simonin | Real ionic solutions in the mean spherical approximation. 3. Osmotic and activity coefficients for associating electrolytes in the primitive model[END_REF] along with the ePPC-SAFT parameters [START_REF] Pinto | Temperature dependence and shortrange electrolytic interactions within the e-PPC-SAFT framework[END_REF], the resulting RSP approached the Schreckenberg model rather than the experimental values. In a previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF], the Schreckenberg [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] and

Pottel [START_REF] Giese | Permittivity and dielectric and proton magnetic relaxation of aqueous solutions of the alkali halides[END_REF] RSP models were systematically compared. No significant difference was obtained as parameters were regressed in both cases. Therefore, comparisons of the RSP models are not pursued here, and the Schreckenberg model is used for all aqueous alkali halide solutions.

Objective function and reference database

Mean ionic activity coefficient (MIAC, 𝛾 ± ), vapor-liquid equilibria (VLE), and density are included in the objective function: [START_REF] Ahmed | Modeling of mixed-solvent electrolyte systems[END_REF] where 𝑛 dp is the number of data points of the property, p is the VLE pressure. The involved reference states and unit conversions have been explained in detail in previous works [START_REF] Yang | A benchmark database for mixedsolvent electrolyte solutions: Consistency analysis using E-NRTL[END_REF][START_REF] Yang | Reference density database for 20 aqueous alkali halide solutions[END_REF].

OF = ∑ ( 𝛾 ± cal -𝛾 ± exp 𝛾 ± exp )
Table 1 shows the reference data for MIAC, VLE, density, and osmotic coefficient (OC) of aqueous alkali halide solutions. The MIAC, VLE, and density data are used in the regression.

The density data were evaluated in our reference density database [START_REF] Yang | Reference density database for 20 aqueous alkali halide solutions[END_REF]. The MIAC and VLE data were evaluated along with the mixed-solvent electrolyte data in our previous work [START_REF] Yang | A benchmark database for mixedsolvent electrolyte solutions: Consistency analysis using E-NRTL[END_REF]. A few salts studied here were not covered by the database. The same data evaluation procedure is applied for these salts. MIAC data are from Ref . VLE data are from Ref [START_REF] Lannung | Dampfdruckmessungen wässeriger Lösungen der Alkalihalogenide[END_REF][START_REF] Pearce | The vapor pressures of aqueous solutions of lithium nitrate and the activity coefficients of some alkali salts in solutions of high concentration at 25°[END_REF][START_REF] Patil | Thermodynamic properties of aqueous electrolyte solutions. 1. Vapor pressure of aqueous solutions of LiCl, LiBr, and LiI[END_REF][START_REF] Vercher | Isobaric vapor-liquid equilibria for 1-propanol + water + lithium chloride at 100 kPa[END_REF][START_REF] Kolář | Measurement and modeling of vapor-liquid equilibria at high salt concentrations[END_REF][START_REF] Patil | Experimental measurements of vapor pressures of electrolyte solutions by differential static method[END_REF][START_REF] Lee | Vapor pressures and enthalpies of vaporization of aqueous solutions of triethylammonium chloride, 2-hydroxyethylammonium chloride, and tris(hydroxymethyl)aminomethane hydrochloride[END_REF][START_REF] Broul | Liquid-vapour equilibrium in systems of electrolytic components. V. The system CH3OH-H2O-LiCl at 60 °C[END_REF][START_REF] Chaudhari | Thermodynamic properties of aqueous solutions of lithium chloride[END_REF][START_REF] Rafiee | Vapor-liquid equilibria and volumetric properties for new working fluid ([C6H11N2][HSO4] + LiBr + H2O) and corresponding binary systems at different temperatures and ambient pressure[END_REF][START_REF] Sada | Salt effects on vapor-liquid equilibrium of isopropanol-water system[END_REF][START_REF] Patil | Thermodynamic properties of aqueous electrolyte solutions. 2. Vapor pressure of aqueous solutions of NaBr, NaI, KCl, KBr, KI, RbCl, CsCl, CsBr, CsI, MgCl2, CaCl2, CaBr2, CaI2, SrCl2, SrBr2, SrI2, BaCl2, and BaBr2[END_REF][START_REF] Bancroft | The hydrols[END_REF][START_REF] Kiepe | Experimental determination and prediction of gas solubility data for methane + water solutions containing different monovalent electrolytes[END_REF][START_REF] Yamamoto | Salt effect of CACL2, NH4i and NAI on vapor-liquid equilibrium of ethanol + water system at 298.15 K[END_REF].

Density data are from Ref . The temperature and composition ranges are shown in Table 1. Compared to the Cl -salts presented in our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF], data are not as extensive.

The osmotic coefficient (OC) data are also presented in Table 1. These data were evaluated in Ref [START_REF] Vaque Aura | Data analysis for electrolyte systems: A method illustrated on alkali halides in water[END_REF]. The experimental data are from Ref [START_REF] Tien | THE ACTIVITY COEFFICIENTS OF RUBIDIUM AND CESIUM FLUORIDES IN AQUEOUS SOLUTION FROM VAPOR PRESSURE MEASUREMENTS[END_REF][START_REF] Holmes | Isopiestic studies of aqueous solutions at elevated temperatures VI. LiCl and CsCl[END_REF][START_REF] Faridi | Study of Ion-Pairing and Thermodynamic Properties of Sodium Fluoride in Aqueous Solutions at Temperatures from 298[END_REF][START_REF] Hamer | Osmotic Coefficients and Mean Activity Coefficients of Uni univalent Electrolytes in Water at 25°C[END_REF][START_REF] Tamas | The Osmotic and Activity Coefficients of Concentrated Aqueous Solutions of Potassium Fluoride at 25 °C[END_REF][START_REF] Moore | Isopiestic studies of some aqueous electrolyte solutions at 80.deg[END_REF][START_REF] Davis | Osmotic coefficients of aqueous lithium chloride and calcium chloride from their isopiestic ratio to sodium chloride at 50.degree.C[END_REF][START_REF] Jakli | Osmotic coefficients of aqueous solutions of sodium bromide, sodium iodide, potassium fluoride, and calcium chloride between o.deg. and 90.deg[END_REF]. They are limited based on the ranges of the MIAC data, and are not used in the regression, but rather are used only for prediction. 

Ion-specific parameterization

The ion-specific parameterization is done in steps, starting from the ion-specific Na + , K + , Rb + , Cs + , and Cl -parameters obtained in our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF]. First, the same cation parameters are used in the parameterization of the Na + , K + , Rb + , Cs + salts with a different anion, , e.g, NaBr, KBr, RbBr, and CsBr (or the salts with the same cations and I -or F -), as will be discussed in Section 2.3.1. The assumption behind this procedure is that the difference of properties of different salts with a common ion can be sufficiently accounted for by the parameters of the different ions and binary interaction parameters, while keeping the parameters of the common ion the same. Next, the obtained anion parameters are used in the parameterization of Li + salts, as will be discussed in Section 2.3.2. The numbers of association sites are investigated based on how accurate the properties are modeled and whether the regressed parameters are reasonable. In this procedure, the number of adjustable parameters is kept acceptable, in the meantime facilitating genuine ion-specific parameterization, as demonstrated by successfully predicting the opposite relative magnitudes of the cation and anion individual ion activity coefficient in our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF].

Na+, K+, Rb+, and Cs+ salts

The ionic parameters are regressed using an ion-specific approach, i.e., pseudo-unary parameters are the same in different salts. Tables 2 and3 show the obtained ion-specific pseudo-unary and binary interaction parameters (BIPs) of the alkali halides. In a previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF], ion-specific Na + , K + , Rb + , Cs + , and Cl -parameters and the involved BIPs were regressed simultaneously using the certified data of NaCl, KCl, RbCl, and CsCl. Here, the previously obtained cation parameters are used for the salts with the other anions.

Br -parameters and the involved BIPs are regressed simultaneously using the certified data of NaBr, KBr, RbBr, and CsBr. In a first regression attempt, using the same 𝜎 HS 𝜎 Pauling ⁄ for Br -as for the cations and Cl -resulted in larger deviations in VLE. Therefore, the 𝜎 HS 𝜎 Pauling ⁄ parameter of Br -is regressed along with the other parameters, with the constraint that 𝜎 HS follows the same relative magnitudes as 𝜎 Pauling , i.e., 𝜎 HS of Br -is in between that of Cl -and I -. Thus, 7 parameters are regressed simultaneously for the 4 Br -salts: 3 pseudo-pure parameters, 𝑟 HS = 𝜎 HS 𝜎 Pauling ⁄ , 𝜀 AB 𝑘 ⁄ , and 𝑟 MSA = 𝜎 MSA 𝜎 HS ⁄ for Br -(see Table 2), and 4

BIPs (see Table 3). The parameter 𝜀 AB 𝑘 ⁄ is called pseudo-unary because it allows calculating the binary association energy between water (w) and the ion (i), through the combining rule:

𝜀 AB w-i = (𝜀 AB 𝑖 + 𝜀 AB 𝑗 ) 2 ⁄ (4a)
The association energy between the cation (c) and anion (a) is then calculated using the BIP (𝑤 c-a ), since we have:

𝜀 AB c-a = (𝜀 AB c + 𝜀 AB a )(1 -𝑤 c-a ) 2 ⁄ (4b)
The 𝑟 HS parameter was found in our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF] to be very important for improving density modeling accuracy. The regressed 𝑟 HS value for the Cl -salts was close to 1. In addition, Zhao et al. [START_REF] Zhao | Development of an equation of state for electrolyte solutions by combining the statistical associating fluid theory and the mean spherical approximation for the nonprimitive model[END_REF] showed that, when the primitive MSA model was used, using the Pauling diameters as the ionic diameters resulted in systematic deviations for density.

In the previous work, the number of association sites (𝑁 site ) was set to 6 for Cl -. When the same number is used for Br -, the regressed 𝜎 HS 𝜎 Pauling ⁄ is at the lower boundary, i.e, 𝜎 HS is the same for Br -and Cl -. When 𝑁 site is 7 for Br -, deviations are slightly smaller, and 𝜎 HS 𝜎 Pauling ⁄ is not at the lower boundary any more.

Pseudo-unary parameters for F -and I -and the involved BIPs are regressed following the same approach. 7 parameters altogether are needed for the 4 F -salts. 7 parameters altogether are needed for the 4 I -salts. All of these are provided in Tables 2 and3. The impact of anion 𝑁 site is investigated in more detail for these salts, as will be shown in Section 3.1. A constraint is applied that 𝜎 HS of I -follows the same relative magnitudes as 𝜎 Pauling between the ions. In this case, the lower regression bound of 𝜎 HS of I -is that of Br -. However, for F -, the constraint has to be relaxed. Otherwise, deviations would be larger, as will be shown in Section 3.2.

First, 𝜎 Pauling of F -(2.72 Å) is in between those of K + (2.66 Å) and Rb + (2.96 Å), i.e., a very small window different from the other anions, of which the 𝜎 Pauling values are the larger than all the cations, as shown in Table 2. The 𝜎 Pauling values are taken from Ref [START_REF] Pauling | The nature of the chemical bond and the structure of molecules and crystals: an introduction to modern structural chemistry[END_REF].

Second, this could be because of the different trends of MIAC for the F -salts compared to salts with the other anions, as reported by Vaque Aura et al. [START_REF] Vaque Aura | Data analysis for electrolyte systems: A method illustrated on alkali halides in water[END_REF] and Ahmed [START_REF] Ahmed | Thermodynamic modeling of mixed-solvent electrolytes for process simulators[END_REF]. Figure 1 shows the MIAC of aqueous alkali halide solutions at 298.15 K. The data are from Ref [START_REF] Hamer | Osmotic Coefficients and Mean Activity Coefficients of Uni univalent Electrolytes in Water at 25°C[END_REF].

For the Cl -, Br -, and I -salts, the MIAC follows a decreasing trend as the cation gets heavier, i.e., Li + > Na + > K + > Rb + > Cs + at the same temperature and salt composition. However, for the F -salts, the trend is reverse, i.e., Na + < K + < Rb + < Cs + . Robinson and Harned [START_REF] Robinson | Some Aspects of the Thermodynamics of Strong Electrolytes from Electromotive Force and Vapor Pressure Measurements[END_REF] interpreted the special behavior of F -salts as an hypothesis of "localized hydrolysis" leaning to ionic association "by means of a water molecule as intermediary". Thus, the F -salts were categorized into a group a different type from the other alkali halides in their work.

Lastly, the MIAC of KF, RbF, and CsF presents a minimum and then increases as salt composition further increases; while for the other anions, the salts that present the minimum are the lighter salts (Li + and Na + ), while the MIAC of the heavier salts either decreases with salt composition or approaches a near-constant trend.

Therefore, the ion-specific cation parameters are not as applicable to the F -salts compared to the other salts. The behavior is to some extent accounted for by the much larger BIPs compared to the salts with the other anions. [START_REF] Pauling | The nature of the chemical bond and the structure of molecules and crystals: an introduction to modern structural chemistry[END_REF]. b The parameters are set constant to the value of water. c The Born diameters are calculated using the Gibbs energy of solvation [START_REF] Fawcett | Thermodynamic parameters for the solvation of monatomic ions in water[END_REF] using the procedure introduced in our previous work [START_REF] Pinto | Temperature dependence and shortrange electrolytic interactions within the e-PPC-SAFT framework[END_REF]. d The parameters were obtained in our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF]. Cs + 0.8800 0.3263 a 0.3836 0.4978 Note: a The parameters were obtained in our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF]. 

Li + salts

Now that all the pseudo-unary anion parameters are obtained, they are used in the regression of ion-specific pseudo-unary Li + parameters and the involved BIPs. The parameters are shown along with those of the other ions in Tables 2 and3. However, for the Li + salts, even within 6 M, the association approach presents much larger deviations compared to the other salts. The MIAC of the Li + salts increases very strongly with salt composition. This could not be captured using the same association approach as for salts with the other cations. In addition, Li + is known to have large solvation. Thus, there are more water molecules solvated around Li + . Thus, the interaction with water is stronger for Li+. Therefore, in addition, the Li + -water dispersion is included, introducing another pseudo-unary parameter, 𝜀 𝑘 ⁄ (here, 𝜀 Li + -w = √ 𝜀 Li + 𝜀 w ). Thus, 7 parameters altogether are regressed for the 3 Li + salts: 4 pseudo-unary parameters, 𝑟 HS = 𝜎 HS 𝜎 Pauling ⁄ , 𝜀 𝑘 ⁄ , 𝜀 AB 𝑘 ⁄ , and 𝑟 MSA = 𝜎 MSA 𝜎 HS ⁄ , and the 3 BIPs.

The regression boundaries of 𝑟 HS is set so that Li + 𝜎 HS is smaller than Na + 𝜎 HS . Changing 𝑁 site does not result in much difference in accuracy. Thus, 𝑁 site is set to 7, the same value as for the other cations. Detailed comparisons of the results using this approach and those using the association approach will be shown in Section 3.3.

Results and discussion

The aim of this work is to determine an ion-specific parameter set that is as accurate as possible. Efforts are made in various aspects to achieve this. The impact of the anion association site number is investigated. For the F -salts, results for the parameter sets with and without the ionic diameter constraint are compared. For the Li + salts, the association and full strategies are compared. Then, the recommended parameter set and results are presented.

Finally, contributions of the terms are analyzed.

Impact of the anion association site number

As introduced in Section 2, in this work, the cation parameters are kept the same as in our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF], while the anion parameters are regressed. In the regressions, the preset association site number turns out to be important for the modeling accuracy, especially for the I -salts. Therefore, in this section, the impact of the anion association site number is discussed in detail.

Figure 2 shows the impact of association site number of I -on the MIAC, VLE, and density deviations of the aqueous NaI, KI, RbI, and CsI solutions. The 𝑁 site = 9 case, which has been selected to be the best based on modeling accuracy, is marked with a red rectangle. For MIAC, compared to 𝑁 site = 6, deviations are smaller for larger 𝑁 site (7 ~ 9). For density, deviations are smallest for 𝑁 site = 9. Therefore, 𝑁 site is set to 9 for I -. For the F -salts, deviations do not change with 𝑁 site as much as for the I -salts. 𝑁 site is set to 5 for F -, because the objective function is the smallest. . The 𝑁 site = 9 case, which has been selected to be the best based on modeling accuracy, is marked with a red rectangle.

Ionic diameter consistency of F -

In our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF], the same 𝑟 HS = 𝜎 HS 𝜎 Pauling ⁄ ratio was used for Na + , K + , Rb + , Cs + , and Cl -in the regression to ensure that the relative magnitudes of 𝜎 HS is the same as those of 𝜎 Pauling . In this work, except for F -, although the 𝜎 HS is not proportional to 𝜎 Pauling as in our previous work, the regression boundaries are set to ensure the relative magnitudes are the same for 𝜎 HS and 𝜎 Pauling . Slightly different 𝑟 HS of Br -and I -(0.9380 and 0.9661, respectively, as shown in Table 1) from that of Cl -(0.9926) significantly improve the modeling accuracy.

However, for F -, following the relative magnitudes of 𝜎 Pauling leaves a very small regression range for 𝜎 HS (between K + and Rb + ). As 𝑁 site changes, 𝜎 HS 𝜎 Pauling ⁄ is always very close to the lower boundary, 0.9707 (equal to K + ). Therefore, for the recommended parameter set, we have decided to relax the constraint for F -.

In this section, results for parameters with "consistent" (F -𝜎 HS in between those of K + and Rb + ) and relaxed 𝜎 HS (larger regression range for 𝜎 HS ) are compared. Comparisons are shown in the Supplementary Material for the MIAC, VLE, and density MADs of the aqueous NaF, KF, RbF, and CsF solutions using a range of 𝑁 site for F -with 𝜎 HS following the relative magnitudes of 𝜎 Pauling and with 𝜎 HS regression boundaries relaxed. We repeat here that maximum deviations are shown rather than average, to observe the differences between the parameter sets more clearly. For the parameter set that follows the relative magnitudes of 2 and3. For MIAC and VLE, relaxing the 𝜎 HS 𝜎 Pauling ⁄ regression range improves modeling accuracy. For density, both models are quite accurate. We would like to note that both parameter sets are quite accurate. However, considering that the behavior of the F -salts is different from the other salts (as discussed in detail in Section 2.3.1), and that the modeling accuracy is improved using the relaxed parameter set (the MIAC MADs are approximately reduced to half), we have recommended the parameter set with relaxed F -𝜎 HS .

Full vs. association strategies for the Li + salts

For all the other ions, only the association term is used for the short-range ion-water and cation-anion interactions. The approach has been proven successful in our previous works [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF][START_REF] Pinto | Temperature dependence and shortrange electrolytic interactions within the e-PPC-SAFT framework[END_REF] for the aqueous solutions of NaCl, KCl, RbCl, and CsCl. No improvement in accuracy was observed when both association and dispersion were used. However, for Li + , large deviations could not be avoided even at moderate salt composition ranges (below 6 M) using the association approach. This is why, for the recommended parameter set, the dispersion term has also been included for the Li + -water short-range interaction. Li + -Li + and Li + -anion dispersions have been set to zero. Therefore, the same anion parameters can be used even though Li + is treated differently.

Figure 5 shows the comparisons between the full (both association and dispersion) and association strategies for the MIAC, VLE, and density MADs of the aqueous LiCl, LiBr, and LiI solutions using a range of 𝑁 site . We repeat here that maximum deviations are shown rather than average, to observe the differences between the parameter sets more clearly, even though the differences between the average deviations are also quite clear in this case. The improvements for MIAC and VLE are significant, especially considering that only 1 additional adjustable parameter is introduced.

Furthermore, including the dispersion term for Li + also avoids unreasonable ionic diameter parameters. Figure 6 shows a comparison of the Li + pseudo-unary parameters, 𝜀 AB /𝑘, 𝜎 HS 𝜎 Pauling ⁄ , and 𝜎 MSA 𝜎 HS ⁄ , of association and full parameterization strategies using a range of 𝑁 site . In addition to the much lower accuracy, the association strategy for Li + results in very small 𝜎 HS 𝜎 Pauling ⁄ and very large 𝜎 MSA 𝜎 HS ⁄ . For instance, for 𝑁 site = 7 of the association strategy, 𝜎 HS = 0.68 Å ( 𝜎 Pauling = 1.2 Å ) is exceedingly small, while 𝜎 MSA = 10 Å is exceedingly large. To sum up, including the Li + -water dispersion significantly improves modeling accuracy and avoids unreasonable ionic diameter parameters. 

ePPC-SAFT with recommended parameter set

Average absolute percentage deviations (AADs) and maximum absolute percentage deviations (MADs) are shown in Table 4. The use of MAD is not so common, but we believe that it is a good indication of the quality of the model. Figure 6 shows deviations of the MIAC, VLE, and density calculated using the ePPC-SAFT from the experimental data. The deviations are plotted against 𝑥 ion and T. Most of the data are at atmospheric pressure. Thus, deviations are not plotted against p. For MIAC and density, the data for which the model presents the larger deviations (still within a few percent) are at high temperature or high salt composition.

For VLE, the model presents larger deviations at low temperature (close to 273 K), where the PPC-SAFT model presents more than 5% deviation for pure water vapor pressure. Overall, the obtained ion-specific parameter set for the ePPC-SAFT has very high accuracy for the properties.

The osmotic coefficient (OC) is predicted using the obtained model and parameter sets.

The property has not been used in the regression. The OC prediction AADs and MADs are shown in Table 4 along with the other properties. OC is related to MIAC according to the Gibbs-Duhem equation. This is why the prediction accuracy is approximately the same as the correlation accuracy of MIAC. The results for the aqueous NaCl, KCl, RbCl, and CsCl solutions were obtained in our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF]. Figure 6. Deviations of the MIAC, VLE, and density calculated using the ePPC-SAFT from the experimental data. For references of the experimental data, please see Section 2.2.

Contributions of the terms

Figure 7 shows the contributions to ln 𝛾 ± of the terms of the recommended parameter sets for the aqueous alkali halide solutions at 298.15 K and 0.1 MPa. The reference state of the sum of ln 𝛾 ± is based on the molar fraction unit. The contributions for NaCl, KCl, RbCl, and CsCl has been discussed in our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF] in the comparisons with the other modeling approaches. They are repeated here to visualize the trends with the other anions. In general, the behavior is similar to that of the Cl -salts that is presented in our previous work [START_REF] Yang | Systematic evaluation of parameterization approaches for the ePPC-SAFT model for aqueous alkali halide solutions[END_REF]. Nice trends can be observed:

-At low salt composition, ln 𝛾 ± is dominated by the MSA term. The MSA contribution presents a curvature and is negative, while all other terms are close to linear. The contributions counter-balance each other to some extent. The behavior of the MSA term is similar to the DH term used in other electrolyte SAFT works, e.g. Ref [START_REF] Bülow | ePC-SAFT advanced -Part I: Physical meaning of including a concentration-dependent dielectric constant in the born term and in the Debye-Hückel theory[END_REF][START_REF] Novak | Extension of the eSAFT-VR Mie equation of state from aqueous to non-aqueous electrolyte solutions[END_REF].

-The Born contribution is always quite small, because of the procedure that the relative static permittivity and the Born diameter are determined. The role of this contribution is extremely influenced by the functionality of the relative static permittivity as a function of salt composition. This has been discussed at length by some authors (e.g.

Ref [START_REF] Ahmed | Modeling of mixed-solvent electrolyte systems[END_REF][START_REF] Olsen | Comparison of models for the relative static permittivity with the e-CPA equation of state[END_REF]). In this work, the relative static permittivity model from 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] yields a very small salt composition dependence.

-The association term is always large and positive. It increases with increasing anion size. The cation size has little effect, except for the CsF case. Please notice that all associative interaction are considered at once: there is no possibility to distinguish between the water-water, water-ion and ion-ion association interactions further.

-The hard chain contribution is essentially hard sphere, because the segment number is 1 for the ions, and is very close to 1 for water. This contribution is slightly positive for the F -salts, which is probably a consequence of the very small hard sphere diameter regressed. For the other salts, this contribution is larger for the heavier salts, can become quite important, and is always negative except for the Li + salts.

-The dispersion contribution is generally quite small. This contribution considers only the water-water dispersion, and is always negative, except for the Li + salts. The contribution is larger for the heavier salts. For the Li + salts, it accounts for the waterwater and Li + -water dispersion, and is always positive.

-The multipolar contribution presents very small contributions in all cases, confirming our previous claim that our conclusions would also apply for a SAFT model that does not include a multipolar term.

-In our previous work for NaCl, KCl, RbCl, and CsCl, the relative magnitudes of the near-linear contributions of the full parameterization strategy presented no trend. This is not the case for the Li + salts. For the Li + salts, unlike the other salts, all the contributions except for the MSA are positive. This is probably because that the experimental MIAC becomes very large for the Li + salts even at moderate salt composition, the specific trend of which could not be made up for without the dispersion term. 

Conclusions

In this work, state-of-the-art ion-specific parameter sets are obtained for 15 aqueous alkali halide solutions based on extensively collected and critically evaluated databases. The main conclusions are summarized here.

The impact of the association site number on modeling accuracy is investigated. The optimal 𝑁 site for each ion is proposed: 5 for F -, 7 for Br -, 9 for I -, and 7 for Li + . The optimal 𝑁 site is larger for the larger anions, consistent with the sterically more space. Only 7 adjustable parameters altogether (3 anion pseudo-pure parameters and 4 binary interaction parameters) are needed for each of the 4 salts with the same anion, e.g., NaBr, KBr, RbBr, and CsBr. The obtained model and parameter sets are very accurate for correlating the properties included in the regression, mean-ionic activity coefficient, vapor-liquid equilibria, and density, and for predicting the osmotic coefficient. The overall AAD is 1.1% for MIAC, 1.8% for VLE, 0.48% for density. For OC, which has not been used in the regression, the overall prediction AAD is 0.88%. In all cases, maximum deviations are within a few percent.

Accurate results can be obtained using "consistent" diameter (hard sphere diameters following the relative magnitudes of the Pauling diameters) for most ions. However, for the F - salts, results for parameters with "consistent" (F -hard sphere diameter in between those of K + and Rb) and relaxed hard sphere diameter (larger regression range) are compared. Considering that, the behavior of the F -salts MIAC is reverse to the other salts, and that the modeling accuracy is improved using the relaxed parameter set (MIAC MADs are reduced to approximately half), we have recommended the parameter set with relaxed F -hard sphere diameter.

It is found that Li + -water dispersion needs to be accounted for in order to reach the same accuracy for Li + salts as for the other salts. Thus, 7 adjustable parameters altogether (4 Li + pseudo-pure parameters and 3 binary interaction parameters) are regressed for the 3 Li + salts, i.e., LiCl, LiBr, and LiI. The modeling accuracy is on the same level as for the other salts.

Contributions of the terms are analyzed. The MSA contribution is always negative and dominates the curvature of the total ln 𝛾 ± at low salt composition. The Born contribution is quite small. The multi-polar contribution is very small, indicating that the conclusions from this work would also apply on electrolyte-SAFT models that do not include the multi-polar term. The dispersion and hard chain contribution magnitudes are in general larger for heavier salts. For the salts that do not contain Li + , the dispersion contribution is always negative. For the Li + salts, however, all contributions except for the MSA term are positive. This is probably because that the experimental MIAC becomes very large for the Li + salts even at moderate salt composition, the specific trend of which could not be made up for without the dispersion term. 

Nomenclature

Figure 1 .

 1 Figure 1. Experimental MIAC of aqueous alkali halide solutions as a function of the salt composition at 298.15 K. The data are from Ref [224].

Figure 2 .

 2 Figure 2. Impact of association site number of I -on the MIAC, VLE, and density deviations of the aqueous NaI, KI, RbI, and CsI solutions. The shadow areas denote deviation distributions. The 𝑁 site = 9 case, which has been selected to be the best based on modeling accuracy, is marked with a red rectangle.

Figure 3 .

 3 Figure 3. Impact of 𝑁 site on the I -pseudo-unary parameters, 𝜀 AB /𝑘, 𝑟 HS = 𝜎 HS 𝜎 Pauling ⁄ , 𝑟 MSA = 𝜎 MSA 𝜎 HS ⁄. The 𝑁 site = 9 case, which has been selected to be the best based on modeling accuracy, is marked with a red rectangle.

𝜎

  Pauling , the optimal 𝑁 site is also 5; the parameters are: 𝑟 HS = 𝜎 HS 𝜎 Pauling ⁄ = 0.9707, 𝑟 MSA = 𝜎 MSA 𝜎 HS ⁄ = 2.427, 𝜀 AB 𝑘 ⁄ = 4910 K, 𝑤 NaF = -0.002993, 𝑤 KF = 0.2458, 𝑤 RbF = 0.1043, and 𝑤 CsF = 0.8439. The relaxed parameter set has been shown in Tables

Figure 4 .

 4 Figure 4. Comparisons of the MIAC, VLE, and density MADs of the aqueous LiCl, LiBr, and LiI solutions calculated with full and association parameterization strategies using a range of 𝑁 site . The legend is shown in the MIAC sub-figure.

Figure 5 .

 5 Figure 5. Comparison of the Li + pseudo-unary parameters, 𝜀 AB /𝑘, 𝜎 HS 𝜎 Pauling ⁄ , and 𝜎 MSA 𝜎 HS ⁄ , of association and full parameterization strategies using a range of 𝑁 site . The legend is shown in the association sub-figure.

Figure 7 .

 7 Figure 7. Contributions to ln 𝛾 ± of the terms of the recommended parameter set for the aqueous alkali halide solutions at 298.15 K and 0.1 MPa. The contributions for NaCl, KCl, RbCl, and CsCl has been discussed in our previous work [1] in the comparisons with the other modeling approaches. They are repeated here to visualize the trends with the other anions. The legend is shown on top-left of the graphs.

  

Table 1 .

 1 Reference data for MIAC, VLE, density, and OC of aqueous alkali halide solutions. The OC data are not used in the regression. To distinguish the latter, OC information are marked as italic. The 𝑥 ion and T ranges of the OC data are limited based on the MIAC data ranges.

		MIAC		VLE		Density		OC
	Water + T (K)	xion	T (K)	xion	T (K)	xion	T (K)	xion
	NaF	298.15	~ 0.017			298.15	~ 0.017 298.15	~ 0.017
	KF	298.15	~ 0.063 291.15	~ 0.090 293.15 ~ 298.15 ~ 0.090 298.15	~ 0.063
	RbF	298.15	~ 0.056 291.15	~ 0.074 291.15 ~ 298.15 ~ 0.067 298.15	~ 0.056
	CsF	298.15	~ 0.056 291.15	~ 0.067 293.15 ~ 298.15 ~ 0.050 298.15	~ 0.056
	RbBr	298.15	~ 0.076 291.15	~ 0.073 291.15 ~ 333.15 ~ 0.074 298.15	~ 0.076
	CsBr	298.15	~ 0.076 303.15 ~ 368.15 ~ 0.089 298.15 ~ 308.15 ~ 0.073 298.15	~ 0.076
	LiI	298.15	~ 0.049 291.15	~ 0.086 291.15 ~ 298.15 ~ 0.072 298.15	~ 0.049
	NaI	298.15	~ 0.056 298.15 ~ 368.15 ~ 0.089 298.15 ~ 323.15 ~ 0.081 298.15	~ 0.056
	KI	298.15	~ 0.070 298.15 ~ 368.15 ~ 0.089 298.15 ~ 368.15 ~ 0.088 298.15	~ 0.070
	RbI	298.15	~ 0.076 291.15	~ 0.084 291.15 ~ 298.15 ~ 0.078 298.15	~ 0.076
	CsI	298.15	~ 0.049 303.15 ~ 368.15 ~ 0.043 298.15 ~ 343.34 ~ 0.058 298.15	~ 0.049

LiCl 298.15 ~ 383.15 ~ 0.089 298.15 ~ 382.77 ~ 0.089 298.15 ~ 373.15 ~ 0.089 298.15 ~ 383.15 ~ 0.089 LiBr 298.15 ~ 0.089 298.15 ~ 368.15 ~ 0.078 298.15 ~ 360.00 ~ 0.088 298.15 ~ 0.089 NaBr 298.15 ~ 0.089 298.15 ~ 377.88 ~ 0.12 273.15 ~ 549.80 ~ 0.14 298.15 ~ 0.089 KBr 298.15 ~ 0.076 303.15 ~ 368.15 ~ 0.076 270.91 ~ 473.15 ~ 0.12 298.15 ~ 0.076

Table 2 .

 2 Ion-specific pseudo-unary parameters of the alkali halides. The parameters that are preset (not regressed) are marked as bold.𝑁 site 𝜎 Pauling (Å) a 𝜎 HS 𝜎 Pauling

				⁄	𝜀 𝑘 ⁄ (K) 𝜀 AB 𝑘 ⁄ (K) 𝛽 AB b	𝜎 MSA 𝜎 HS ⁄	𝜎 Born (Å) c
	Li +	7	1.2	1.501	328.4	2261	0.044394 1.672	2.593
	Na + d 7	1.9	0.9926	0	2112	0.044394 1.751	3.235
	K + d 7	2.66	0.9926	0	1066	0.044394 1.215	3.897
	Rb + d 7	2.96	0.9926	0	2029	0.044394 1.000	4.169
	Cs + d 7	3.38	0.9926	0	1673	0.044394 1.000	4.482
	F -	5	2.72	0.6798	0	2862	0.044394 2.321	3.197
	Cl -d 6	3.62	0.9926	0	2355	0.044394 1.391	4.512
	Br -	7	3.9	0.9380	0	1727	0.044394 1.405	4.934
	I -	9	4.32	0.9661	0	1320	0.044394 1.114	5.645
	Note:							

a 

The diameter values are obtained from Ref

Table 3 .

 3 Cation-anion binary interaction parameters (BIPs) for the association energy parameter.

	𝑤 𝑖𝑗 F -	Cl -	Br -	I -
	Li + -	0.3369 0.9547 0.9999
	Na + 0.01656 0.3043 a 0.4503 0.7364
	K + 0.9999 0.4107 a 0.3778 0.3902
	Rb + 0.1459 0.2533 a 0.2749 0.3691

Table 4 .

 4 Average absolute percentage deviation (AAD) and maximum absolute percentage deviation (MAD) for MIAC, VLE, density, and osmotic coefficient (OC) of aqueous alkali halide solutions. The OC is predicted, and is marked as italic.

		MIAC		VLE		Density		OC	
		AAD (%) MAD (%) AAD (%) MAD (%) AAD (%) MAD (%) AAD (%) MAD (%)
	NaF	0.52	1.7	-	-	0.15	0.26	0.073	0.31
	KF	0.67	2.1	4.4	7.1	0.16	1.1	1.0	1.3
	RbF	1.2	2.5	2.5	3.3	0.39	1.5	1.0	3.5
	CsF	0.79	2.1	1.7	2.3	0.42	1.9	0.68	4.2
	LiCl	0.67	7.4	1.5	4.1	0.36	1.5	0.77	4.0
	NaCl a	0.84	5.4	1.1	2.1	0.64	3.4	1.6	3.5
	KCl a	1.2	4.0	1.6	3.5	0.39	2.0	1.4	4.7
	RbCl a	0.54	1.2	1.1	4.1	0.20	1.3	0.82	4.2
	CsCl a	1.5	6.5	1.2	5.5	0.42	2.4	2.8	6.6
	LiBr	1.4	5.9	2.1	5.4	0.88	2.0	0.60	2.1
	NaBr	0.85	3.2	0.98	4.2	0.63	3.5	0.38	2.5
	KBr	0.56	2.1	1.1	3.8	0.60	2.4	0.10	0.34
	RbBr	0.75	2.1	2.2	2.4	0.75	2.5	0.53	2.3
	CsBr	1.9	3.5	1.9	5.1	0.57	2.6	0.88	2.6
	LiI	2.6	4.7	2.1	2.3	0.49	1.4	1.1	2.9
	NaI	1.0	2.2	1.1	2.3	0.31	0.98	0.44	1.8
	KI	2.0	4.7	1.1	2.4	0.61	1.9	0.97	4.5
	RbI	1.1	3.4	2.1	2.4	0.60	2.8	0.85	4.2
	CsI	0.96	1.8	1.8	3.7	0.62	2.7	0.77	2.0
	Average 1.1		1.8		0.48		0.88	
	Note: a								
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