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ABSTRACT

This work is inserted in a research program that consists mainly in the experimental and theoretical study 

of gas/liquid solubility in ionic liquids (ILs). In this study the experimental data of hydrogen sulfide 

solubility in ammonium-based ionic liquids, namely 2-hydroxyethylammonium acetate [2-HEA][Ace], 

bis(2-hydroxyethyl)ammonium acetate [B-2-HEA][Ace] and 2-hydroxyethyldiethylammonium 

hydrogen diacetate [2-HEDEA][H(Ace)2], were determined using a volumetric method in the 298 K to 

318 K temperature range and at atmospheric pressure. The ionic liquids are functionalized with the OH 

group in the ammonium-based cations, in order to study the influence of hydroxyl group in the formation 

of hydrogen bonds between the IL-IL and IL-gas. The data gathered is modelled with the Cubic Plus 

Association Equation of State (CPA EoS), considering the association schemes four-sites (4C) for 

hydrogen sulfide and two-sites (2B) for the ILs ([2-HEA][Ace], [B-2-HEA][Ace] and [2-

HEDEA][H(Ace)2]).

Keywords: Gas solubility, H2S, Ammonium Ionic liquid, CPA EoS.
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1. Introduction

This study aims to measure the temperature dependence, at atmospheric pressure, of the hydrogen 

sulfide (H2S) solubilities in three ionic liquids (ILs), namely 2-hydroxyethylammonium acetate ([2-

HEA][Ace]), bis(2-hydroxyethyl)ammonium acetate ([B-2-HEA][Ace]) and 2-

hydroxyethyldiethylammonium hydrogen diacetate ([2-HEDEA][H(Ace)2]). 

Hydrogen sulfide is one of the most abundant sulfur containing compounds in natural gas and in light 

and middle distillate oil fractions. Because of its undesirable high toxicity and corrosiveness, hydrogen 

sulfide must be removed from industrial gas and oil streams [1].

Ionic liquids (ILs) are low-melting salts with extremely low vapor pressures, high thermal and 

chemical stability, and tunable solvent properties for many organic and inorganic compounds. These 

remarkable properties position ILs as environmentally benign solvents feasible for a large number of 

applications, including gas solubility and separation, cellulose processing, catalysis, extraction, and high-

temperature pyrochemical processing, etc. [2, 3]. However, the high viscosity of the ILs is usually a 

limiting step for the dissolution of the gas and ultimately on a separation unit sizing [4, 5]. The properties 

of the ILs can be tuned by changing the ions according to the desired properties, from a very large set of 

possible combinations [6]. Thus, one of the areas of research interests in the absorption of acidic gases, 

like CO2 or H2S is to formulate ionic liquids with desirable properties concentrated on the following 

aspects: (1) the design and synthesis of ILs, especially the task-specific ILs for enhanced absorption 

performance by functionalization with amine or other groups; (2) the measurement and estimation of 

physical/chemical properties of the multi-component systems containing the IL and the gas, and the 

development of suitable thermodynamic models; (3) the investigation of the transport properties, 

absorption kinetics, and the mechanism for gas capture with functionalized ILs [7].

In the past few years, a growing number of imidazolium-based ILs have been evaluated for H2S 

solubility as a function of temperature and pressure [1, 8 – 19]. However, experimental data for the 
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solubility of hydrogen sulfide outside of imidazolium-based ionic liquids are surprisingly scarce if one 

takes into consideration their enhanced, in mole fractions, CO2 solubility [20 – 23].

In the present work, the volumetric method with an automated apparatus [24] is used to determine the 

solubility of H2S in ammonium-based ionic liquids as a function of temperature and at atmospheric 

pressure. The H2S solubility was modeled using the Cubic Plus Association Equation of State (CPA EoS) 

showing high accuracy of the CPA equation of state to describe the phase equilibria solubility data. 

2. Experimental 

The experimental technique used in this work is based on a volumetric method. The apparatus used 

for the determination of solubility was described in detail elsewhere [24]. This procedure has shown to 

be highly accurate and precise in the past for various gases and solvents, making it a preferable choice 

[25, 26].

The variables measured directly from the apparatus are the displaced gas volume in the gas burette 

due to the gas dissolution (𝛥V), the mass of solution (ms), the equilibrium pressure (P) and the 

temperature (T). Being the uncertainties of the solubility data determined using the error propagation law 

and considering the experimental uncertainties are: temperature,10-2 K; pressure, 10 Pa; mass, 10-7 kg; 

volume of dissolved gas, 10-6 m3 [24].

The H2S was supplied by Praxair with 0.99 mole fraction purity. The ionic liquids 2-

hydroxyethylammonium acetate ([2-HEA][Ace]), bis(2-hydroxyethyl)ammonium acetate ([B-2-

HEA][Ace]) and 2-hydroxyethyldiethylammonium hydrogen diacetate ([2-HEDEA][H(Ace)2]) were 

synthesized by us following well-established protocols, via proton exchange reaction between amines 

and acetic acid [27, 28].  Briefly, a solution of acetic acid in ethanol was added dropwise to a stirring 

solution of amine (ethanolamine, diethanolamine or diethylethanolamine) in ethanol, with an equimolar 

ratio of amine and acid, at 0C and under N2 atmosphere. The resultant solution was stirred at room 
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temperature and under N2 atmosphere overnight, producing the respective protic alkanol ammonium 

ionic liquid. Finally, ethanol was removed under reduced pressure and the obtained compound was dried 

under vacuum (0.1 Pa, 301 K) for at least 48 h. The structure of all ILs synthesized was confirmed by 1H 

and 13C NMR, showing the high purity level of all the ionic structures after their synthesis, as reported 

in the ESI. As can be seen by the 1H NMR spectra the [2-HEDEA][H(Ace)2] presents the 1:2 

(cation:anion) proportion due to the formation of an azeotrope during the distillation purification step 

[29].

The ionic liquids and H2S are presented in Table 1, along with their full name, abbreviations, water 

content, mole fraction purity and chemical structures. In order to decrease the water content and volatile 

compounds to negligible values, the ILs were degasified by applying vacuum (0.1 Pa), moderate 

temperature (313 K) and stirring for a period never shorter than 48 hours. The [2-HEA][Ace], [[B-2-

HEA][Ace], [2-HEDEA][H(Ace)2] ILs presented a water content lower than 200 ppm, determined by a 

Metrohm 831 Karl Fischer coulometer using the analyte Hydranal®- Coulomat AG From Riedel-de-Haën.

The ionic liquids were characterized by 1H and 13C NMR spectra using dimethylsulfoxide (DMSO) 

as a deuterated solvent (Supporting Information). 

Table 1.  Ionic liquids and H2S name, abbreviations, chemical structure, water content (ppm) and mole 
fraction purity (x). The vacuum treatment for the ILs purification was also used.

  Name Abbreviation Chemical Structure
 

2-hydroxyethylammonium
Acetate
(water content=160 ppma; x>0.90b)
Synthetized

[2-HEA][Ace]

                               

bis(2-hydroxyethyl)ammonium
acetate
(water content=112 ppma; x>0.99b)
Synthetized

[B-2-HEA][Ace] 
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a Determined by Karl Fischer coulometer titration; b Determined by NMR 

2.1. Gas solubility calculations for ionic liquids

The volume of gas displaced due to dissolution (𝛥V) and the amount of gas absorbed in moles (nG) 

can be related through a second-order truncated virial equation of state

𝑃𝑣𝐺
𝑚𝑖𝑥

𝑅𝑇 = 1 +
𝐵𝑚𝑖𝑥𝑃

𝑅𝑇
(1)

where P is the total pressure of gas, R the universal gas constant,  the molar volume of the gas mixture 𝑣𝐺
𝑚𝑖𝑥

that equals 𝛥V / nG, is the temperature and  is the second virial coefficient of the binary mixture T 𝐵𝑚𝑖𝑥

given by:

𝐵𝑚𝑖𝑥 = 𝑦2
1𝐵11(𝑇) + 𝑦2

2𝐵22(𝑇) + 𝑦1𝑦2𝐵12(𝑇) (2)

where y1 and y2 represent the mole fraction composition in the vapor phase, and subscripts 1 and 2 the 

liquid solvent (IL) and the gas solute, respectively. B11(T), B22(T) and B12(T) are the second virial 

coefficients of pure components 1 and 2, and the second cross virial coefficient, respectively. For the 

temperature range studied, the calculations are simplified due to the extremely low vapor pressure of the 

ILs at atmospheric pressure. Therefore, the ILs are postulated as strictly non-volatile solvents and 

consequently y1 ≈ 0, y2 ≈ 1,  , P ≈ PH2S and nG ≈ n2. Therefore, equation (1) is rewritten 𝐵𝑚𝑖𝑥(𝑇) ≈ 𝐵22(𝑇)

where n2 and B22(T) are stated as: 

𝑛2 = ∆𝑉 (𝑅𝑇 𝑃𝐻2𝑆 + 𝐵22(𝑇)) (3)

2-hydroxyethyldiethylammonium 
hydrogen diacetate 
(water content=195 ppma; x>0.95b)
Synthetized

 [2-HEDEA][H(Ace)2]
     

Hydrogen sulfide
(x>0.99)
Supplied by Praxair H2S 
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𝐵22(𝑇) =
3

∑
𝑖 = 0

𝑐𝑖𝑇 ―𝑖 (4)

The parameters ci of equation (4) for H2S were retrieved from reference [30]. The number of moles of 

the solvent, n1, at the end of each experiment is evaluated from the difference between the total solution 

mass, ms, and the mass of solute absorbed, m2 = n2M2: 

𝑛1 = (𝑚𝑠 ― 𝑛2𝑀2)/𝑀1 (5)

Finally, the mole fraction solubility of H2S in ILs (x2) is calculated from  and the  𝑥2 = 𝑛2 (𝑛1 + 𝑛2)

Henry’s constant,  (T,P) is obtained from (T,P) = P/x2.𝐻𝑥𝑝
2,1 𝐻𝑥𝑝

2,1

The solubility of gases dependency on temperature given by equation (6) is related with the partial molar 

enthalpies ( ), and entropies ( ) of solution as follows:∆ℎ2 ∆𝑠2

𝑅𝑙𝑛𝑥2 = 𝐴 +
𝐵
𝑇

(6)

∆ℎ2 = 𝑅𝑇(∂𝑙𝑛𝑥2

∂𝑙𝑛𝑇 )
𝑝

= ―𝐵 (7)

∆𝑠2 = 𝑅[(∂𝑙𝑛𝑥2

∂𝑙𝑛𝑇 )
𝑝

+ 𝑙𝑛𝑥2] = 𝐴 (8)

Values for  and  in each H2S/(ionic compound) system are calculated from the parameters of ∆ℎ2 ∆𝑠2

equation (6) obtained through a least squares fit.

3. Gas/Liquid equilibria modelling

The contact of a gas with a liquid imposes changes of enthalpy and entropy along with a decrease in 

gas volume as dissolution takes place until an equilibrium state is reached. Mathematically, the gas-liquid 

equilibrium condition for the solute can be expressed as a stationary point of Gibbs function, i.e. iso-
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fugacity condition: . To model gas and liquid fugacity of H2S (  and , respectively) and 𝑓𝐺
2 = 𝑓𝐿

2 𝑓𝐺
2 𝑓𝐿

2

calculate their solubility in the ILs, is employed the Cubic-Plus-Association equation of state (CPA EoS) 

to model the phase equilibrium. 

The Cubic-Plus-Association (CPA) EoS equation of state proposed by Kontogeorgis et al. [31] is used 

to calculate the fugacity coefficients. This equation of state can be written using the following expression 

for the residual Helmholtz energy:

A = Acubic + Aassoc (9a)

where Acubic and Aassoc are the cubic and association term of the Helmholtz energy given by:

𝐴𝑐𝑢𝑏𝑖𝑐 = ―
𝑎
𝑏ln (1 + 𝑏𝜌) ― 𝑅𝑇𝑙𝑛(1 ― 𝑏𝜌) (9b)

𝐴𝑎𝑠𝑠𝑜𝑐 = 𝑅𝑇∑
𝑖

𝑥𝑖∑
𝐴𝑖

[ln (𝑋𝐴𝑖) ―
𝑋𝐴𝑖

2 +
1
2] (9c)

𝑔(𝜌) =
1

1 ― 1.9𝜂 (9d)

𝜂 =
1
4𝑏𝜌 (9e)

Here, Acubic is evaluated from a Soave-Redlich-Kwong equation of state (SRK EoS) where a, b and  𝜌

are the energy parameter, co-volume parameter and the molar density, respectively.  represents the 𝑋𝐴𝑖

fraction of molecule i not bonded at site A, xi is the mole fraction of component i and g the simplified 

hard-sphere radial distribution function [32]. 

In the association contribution, , is related with the association strength, , between sites  𝑋𝐴𝑖 Δ𝐴𝑖𝐵𝑗

belonging at different molecules, e.g. site A on molecule i and site B on molecule j, and is defined as:

𝑋𝐴𝑖 =
1

1 + 𝜌∑
𝑗𝑥𝑗∑𝐵𝑗

𝑋𝐵𝑗Δ
𝐴𝑖𝐵𝑗 (10)

where the association strength, , is expressed as: Δ𝐴𝑖𝐵𝑗
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∆𝐴𝑖𝐵𝑗 = 𝑔(𝜌)[𝑒𝑥𝑝(𝜀𝐴𝑖𝐵𝑗

𝑅𝑇 ) ― 1]𝑏𝑖𝑗𝛽𝐴𝑖𝐵𝑗 (11)

The  and  are the association energy and volume, respectively, , where  is 𝜀𝐴𝑖𝐵𝑗 𝛽𝐴𝑖𝐵𝑗 𝑏𝑖𝑗 = (𝑏𝑖 + 𝑏𝑗) 2 𝑏𝑖

the temperature independent co-volume parameter of component i. Thus, for pure non-associating 

compounds the CPA EoS requires only three model parameters, the co-volume parameter b, and the 

parameters  and  involved in the Soave-type temperature dependency a(T):𝑎0 𝑐1

𝑎(𝑇) = 𝑎0[1 + 𝑐1(1 ― 𝑇𝑟)]2 (12)

For associating compounds, the model has two additional pure compound parameters, the association 

energy, , and the association volume, . The three or five parameters are obtained by fitting vapor 𝜀 𝛽

pressure and liquid density data, carried by the minimization of the objective function (OF), taking into 

account the association scheme that provides the number and type of association sites for each associating 

compound [31].

𝑂𝐹 =
𝑁𝑃

∑
𝑖

(𝑃𝑒𝑥𝑝.
𝑖 ― 𝑃𝑐𝑎𝑙𝑐.

𝑖

𝑃𝑒𝑥𝑝.
𝑖

)
2

+
𝑁𝑝

∑
𝑖

(𝜌𝑒𝑥𝑝.
𝑖 ― 𝜌𝑐𝑎𝑙𝑐.

𝑖

𝜌𝑒𝑥𝑝.
𝑖

)
2

(13)

When CPA is extended to mixtures, the energy and co-volume parameters of the physical term are 

calculated applying the conventional van der Waals one-fluid mixing rules:

𝑎 = ∑
𝑖
∑

𝑗
𝑥𝑖𝑥𝑗𝑎𝑖𝑗

where    𝑎𝑖𝑗 = 𝑎𝑖𝑎𝑗(1 ― 𝑘𝑖𝑗) (14a)

𝑏 = ∑
𝑖

𝑥𝑖𝑏𝑖
(14b)

When dealing with mixtures containing multiple associating components, the association term of the 

CPA EoS, requires combining rules for the association energy and volume parameters [33]. In order to 

calculate the value of the association strength, in equation (11), various combining rules have been 

investigated [34], being the Elliott combination rule used in the present work.



10

∆𝐴𝑖𝐵𝑗 = ∆𝐴𝑖𝐵𝑖∆𝐴𝑗𝐵𝑗 (15)

For estimating the binary interaction parameter, kij, the following objective function was employed 

using the experimental solubility data.

𝑂𝐹 = ∑𝑁𝑃

𝑖 (𝑥𝑒𝑥𝑝.
𝑖 ― 𝑥𝑐𝑎𝑙𝑐.

𝑖

𝑥𝑒𝑥𝑝.
𝑖

)2 (16)

The experimental solubility data at atmospheric pressure for different temperatures are presented in 

section 4.1. The results for the CPA model are discussed later in section 4.2. 

4. Results and discussion

4.1. Experimental results

The solubility data for H2S in the [2-HEA][Ace], [B-2-HEA][Ace] and [2-HEDEA][H(Ace)2] ionic 

liquids was determined in the 298.15 K to 318.15 K temperature range and at about 101.3 kPa, as 

presented in Table 2.

Table 2. Experimental mole fraction solubilities, x2, and mole fraction based Henry´s constants, , for 𝐻𝑥𝑝
2,1

H2S in [2-HEA][Ace], [B-2-HEA][Ace] and [2-HEDEA][H(Ace)2] as a function of temperature, T, and 
total pressure, p, assumed to be the H2S partial pressure due to low saturated vapor pressure of the ILs.

Solvent T /K p /kPa x2  /MPa 𝐻𝑥𝑝
2,1

[2-HEA][Ace]
298.15 102.36 0.092 1.115
303.15 101.49 0.087 1.171
308.15 101.69 0.083 1.228
313.15 102.14 0.076 1.338
318.15 102.37 0.068 1.498

 [B-2-HEA][Ace]
298.15 101.19 0.122 0.829
303.15 101.46 0.119 0.853
308.15 102.03 0.108 0.949
313.15 101.59 0.101 1.003
318.15 100.90 0.093 1.087

[2-HEDEA][H(Ace)2]
298.15 101.48 0.202 0.504
303.15 101.19 0.194 0.521
308.15 101.37 0.187 0.543
313.15 102.10 0.172 0.595
318.15 101.31 0.164 0.618

 The standard uncertainties are:  u(T) = 0.01K,  u(p) = 0.010 kPa, ur(x2) = 0.01,  ur( ) = 0.01.𝐻𝑥𝑝
2,1
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The results of Table 2 show that the solubilities for H2S increases in the order [2-HEA][Ace] < [B-2-

HEA][Ace] < [2-HEDEA][H(Ace)2].  The behavior of the H2S solubilities in ammonium-based ILs 

shows that the solubilities increase with the free volume of the ILs cation, which indicates that the 

physical interactions H2S/IL appears to play the most significant role in determining the gas solubilities 

for H2S in the ILs reported in this paper.

To represent the temperature dependence of the mole fraction solubilities, Eq. (6), was fitted to the x2 

values of H2S in [2-HEA][Ace], [B-2-HEA][Ace] and [2-HEDEA][H(Ace)2]. The optimized parameters 

of Eq. (6), in the temperature range [298, 318] K and at 0.1 MPa, are listed in Table 3 alongside with the 

absolute average deviations (AAD) for x2.

Table 3. Parameters in the equation, R ln(x2) = A + B/T 
System A /J mol-1 K-1 B /J mol-1 102 · AAD(x2)1

H2S [2-HEA][Ace] -57.62 11301 1.7

[B-2-HEA][Ace] -54.90 11519 1.5

[2-HEDEA][H(Ace)2] -41.48 8428 1.2

1AAD (x2) = (1 𝑁𝑃)∑𝑁𝑃

𝑖 = 1|𝑥𝑐𝑎𝑙,𝑖 ― 𝑥𝑒𝑥𝑝,𝑖|/(𝑥𝑒𝑥𝑝,𝑖)

From equations (7) and (8), negative values of  and  were obtained for all the systems, ∆ℎ2 ∆𝑠2

indicating that the solubility decreases with the increase of the temperature. This was expected due to the 

high solubility observed for the H2S in the ILs studied here, since for gases with larger solubilities the 

partial molar enthalpy of mixing (positive) tends to be smaller than the enthalpy of condensation 

(negative) resulting in an overall partial molar change in enthalpy that is negative. Similarly, the solute 

partial molar entropy of mixing (-Rln(x2), assuming ideal behavior) will be smaller than the entropy of 

condensation for higher values of x2. Consequently, the experimental observations agree with 

thermodynamic predictions and are also consistent with results verified previously by other authors [35].
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4.2. CPA EoS model

To model the solubility results, the 4C association scheme, as defined by Huang and Radosz [36, 

37], for the H2S was adopted. This association scheme considers the geometry of the molecule with two-

sites on the sulfur atom and one additional site on each hydrogen atom is proposed.  For the ILs studied 

in this work was adopted the two-site (2B) scheme, one-site corresponding to the positive charge in cation 

and the other site in the negative charge of the anion. The molecular parameters for the H2S were adopted 

from the work of Panah [38]. To calculate the pure component parameters for [2-HEA][Ace], [B-2-

HEA][Ace] and [2-HEDEA][H(Ace)2] the liquid density data for these ILs were obtained in the literature 

[29, 39] and the critical properties, acentric factors and boiling temperature were obtained from 

Valderrama et al., estimated applying the modified Lydersen–Joback–Reid method [40, 41]. For these 

two ILs studied, vapor pressure experimental data ( ) is unavailable and therefore it was assumed that 𝑃𝜎

at the reduced temperature range between 0.40 and 0.70, used to estimate the parameters, could be 𝑃𝜎

described by: ; where parameters A and B were regressed considering 𝑙𝑛(𝑃𝜎 𝑃𝑎) = 𝐴 ― 𝐵 (𝑇 𝐾) 𝑃𝜎 =

 Pa at 273.15 K and  Pa at boiling temperature [42]. This qualitative correlation was used 10 ―6 𝑃𝜎 = 105

to generate vapor pressure data for fitting the CPA EoS molecular parameters. The pure compounds 

molecular parameters, are reported in Table 4, along with the absolute average deviations (AAD) 

calculated for molar densities, , and estimated vapor pressure , after minimization of equation (13).  𝜌𝑙𝑖𝑞 𝑃𝜎

Since there is a much larger uncertainty in vapor pressures than in liquid densities, it was used a weighting 

factor to consider the best description of liquid densities, while still providing a qualitative description 

the IL known negligible volatility character. Therefore, the pressure weight factor. in equation (13), was 

0.1 while that for density 0.9.
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Table 4. Absolute average deviations of vapor pressures, , molar densities, , and CPA EoS 𝑃𝜎 𝜌𝑙𝑖𝑞

components’ molecular parameters, a0, c1, b,  and . 𝜀 𝛽 

a0 /Pa m6 

mol2
c1  /m3 mol-1105 ∙ 𝑏  /J mol10 ―4 ∙ 𝜀 1 104 ∙ 𝛽 102 · AAD(x) 1

         𝑃𝜎 𝜌𝑙𝑖𝑞.

[2-HEA][Ace]

Association scheme 2B 2.73 1.94 10.03 3.597 17.43 0.2

[B-2-HEA][Ace]

Association scheme 2B 4.09 1.73 13.59 1.750 649.0 0.7

[2-HEDEA][H(Ace)2]

Association scheme 2B 5.80 1.80 19.95 1.615 211.0 0.2

H2S 

Association scheme 4C 0.40 0.54 2.95 0.3726 474.5 0.1 0.4

1AAD (x) =  with xi either  or .(1 𝑁𝑃)∑𝑁𝑃

𝑖 = 1|𝑥𝑐𝑎𝑙,𝑖 ― 𝑥𝑒𝑥𝑝,𝑖|/(𝑥𝑒𝑥𝑝,𝑖) 𝑃𝜎  𝜌𝑙𝑖𝑞.

Prediction of the H2S solubilities in the ILs ([2-HEA][Ace], [B-2-HEA][Ace] and  [2-

HEDEA][H(Ace)2]  ) was carried out using the estimated pure component molecular parameters in the 

CPA EoS, with the binary interaction parameters  kij=0 (prediction), considering the schemes 2B (two-

association sites) for the ILs and four-sites (4C) association scheme for the H2S. Furthermore, aiming an 

enhanced description of the systems phase diagrams a temperature independent binary interaction 

parameter, kij, was adjusted, allowing %AAD of 6.5, 6.9 and 8.9 for the H2S/[2-HEA][Ace], H2S/[B-2-

HEA][Ace] and H2S/[2-HEDEA][H(Ace)2], respectively. The kij values and global average deviations 

for the solubility values are presented in Table 5. 

 Figure 1 shows that the CPA EoS (prediction with kij=0) with the scheme 2B for [2-HEA][Ace], [B-

2-HEA][Ace] and  [2-HEDEA][H(Ace)2]  and the scheme 4C for H2S describes in the correct order the 

H2S solubilities in these  ionic liquids. 
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Table 5. Absolute Average Deviations (AAD) of solubilities of H2S in [2-HEA][Ace], [B-2-HEA][Ace] 
and  [2-HEDEA][H(Ace)2]  ILs obtained from CPA and respective kij values, considering four-sites (4C) 
and two-sites (2B) association schemes for H2S and ILs, respectively. 

System kij 102 · AAD(x) 1
H2S/([2-HEA][Ace])

0 65.1
-0.1137 6.5

H2S/[B-2-HEA][Ace]
0 69.2

-0.1361 6.9
H2S/([2-HEA][H(Ace)2])

0 77,5
-0.2090 8.9

1AAD (x) = (1 𝑁𝑃)∑𝑁𝑃

𝑖 = 1|𝑥𝑐𝑎𝑙,𝑖 ― 𝑥𝑒𝑥𝑝,𝑖|/(𝑥𝑒𝑥𝑝,𝑖)

Figure 1. pTx phase diagrams for the binary systems H2S + [2-HEA][Ace], [B-2-HEA][Ace] and [2-
HEDEA][H(Ace)2], at 0.1 MPa. The solid and dashed lines represent the CPA EoS prediction (kij = 0) 
and fit to the experimental data, respectively.
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5. Conclusions

The solubility of H2S in three ammonium-based IL solvents ([2-HEA][Ace], [2-B-HEA][Ace] and [2-

HEDEA][H(Ace)2]) have been determined in the temperature range between 298 K to 318 K at about 1 

atm. It was found that among the solvents, the solubilities of H2S increases in the following order: [2-

HEA][Ace] < [2-B-HEA][Ace] < [2-HEDEA][H(Ace)2]. The behavior of the H2S solubilities in 

ammonium-based ILs show that the solubilities increase with the free volume of the ILs cation, which 

indicates that the physical interactions are the main factor in the solubility of H2S in the ILs reported in 

this paper.

The CPA EoS was applied in the description of the experimental solubilities of the H2S/[2-HEA][Ace], 

H2S/[B-2-HEA][Ace] and H2S/[2-HEDEA][H(Ace)2] systems. According to the results, CPA EoS was 

able to predict (with kij=0) in a qualitative way the solubilities between H2S-IL systems; and show the 

expected order. Also the CPA EoS model allows a satisfactory description of the solubilities through the 

ranges of temperature and pressure selected in this work with low average deviations. A temperature 

independent binary interaction parameter (in the physical term) fitted to the experimental data is enough 

to describe the systems H2S/[2-HEA][Ace], H2S/[B-2-HEA][Ace] and H2S/[2-HEDEA][H(Ace)2].
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Experimental data on the gas solubility of H2S in room-temperature ammonium-based ionic liquids at 
1atm is reported;

The solubilities of H2S increases in the following order: [2-HEA][Ace] < [2-B-HEA][Ace] < [2-
HEDEA][H(Ace)2];

The H2S solubilities in ammonium-based ILs increase with the free volume of the ILs cation;

Cubic Plus Association equation of state was applied in the description of the experimental solubilities 
of H2S/[2-HEA][Ace], H2S/[B-2-HEA][Ace] and H2S/[2-HEDEA][H(Ace)2] systems;


