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ABSTRACT:  

Ionic liquids (ILs) are being considered as solvents for gas absorption processes as they have 

the potential, in general, for improved efficiency of gas separations, as well as lower capital 

and operating costs compared to current commercial processes. In this study the solvent 

properties of ILs are investigated for use in the absorption of carbon dioxide (CO2) and 

oxygen (O2). The absorption of these gases in ILs was measured in a temperature range of 

303.15 to 333.15 K and at pressures up to 1.5 MPa by gravimetric analysis. The ILs used 

were: methyl trioctyl ammonium bis (trifluoromethylsulfonyl) amide [MOA][Tf2N], 1-butyl-

3-methyl imidazolium bis (trifluoromethylsulfonyl) amide [BMIM][Tf2N] and 1-butyl-3-

methyl imidazolium methyl sulphate [BMIM][MeSO4]. The measurement technique 

employed in this study is fast, accurate, and requires small quantities of solvent. The results 

indicated that absorption of both gases increased with a decrease in operating temperature 

and an increase in pressure. [MOA][Tf2N] had the highest CO2 and O2 solubility. 

[BMIM][Tf2N] was determined to have the highest selectivity for CO2 absorption. 

[BMIM][MeSO4] achieved the lowest CO2 absorption with a moderate O2 absorption, 

revealing this IL to be the least desirable for CO2 and O2 absorption. Calculation of Henry’s 

law constants for both gases in all ILs at all isotherms confirmed the deductions made from 

absorption data analysis. The absorption data was modelled using the generic Redlich-Kwong 

cubic equation of state (RK-EOS) coupled with a group contribution method.  

 

Keywords: carbon dioxide; oxygen; gas solubility; gravimetric analysis; ionic liquids 
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1. INTRODUCTION 

Recent research has shown that the main contributor to an increased rate and extent of global 

climate change, are CO2 emissions from various fossil fuel industries including fossil fuel-

fired power plants, coal-to-liquids (CTL) and gas-to-liquids (GTL) industries, steel and 

cement industries.
3
 Thus, numerous studies have been undertaken to investigate different 

techniques for capturing CO2 from flue gas emitted by these industries, and thereafter storing 

the CO2 underground or by other means, thereby preventing its emission into the atmosphere. 

Despite significant research however, a technique with low energy penalty to feasibly capture 

CO2 still remains to be found.  

 

A common CO2 capture technique closest to commercialisation is the use of solvents to 

selectively absorb CO2 from flue gas emitted by fossil fuel industries. Current and 

conventional solvents include alkanolamines and carbonate-based solvents. These solvents 

however possess numerous disadvantages, including high corrosiveness, low absorption 

capacity and high energy requirements for desorption and recycling. Moreover, these solvents 

have proven to be volatile under industrial flue gas conditions, which has serious 

repercussions with regard to human health and the environment.
1,2

 In some cases, the adverse 

effects of these solvents on human health, safety, and the environment, combined with their 

volatility and flammability, has led to legislation to minimize their use.
4
 

 
 

A relatively new type of solvent known as ionic liquids, has received much attention in recent 

years. Ionic liquids are molten salts that typically have melting points below 373.15 K.
8
 The 

specific advantages of ionic liquids is that many can be tuned to have negligible vapour 

pressure,
9
 good dissolution characteristics,

10 
 and are non-flammable

11
 and non-toxic

12
, 

depending on the cation and anion used. It is for these reasons, that many ionic liquids have 
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been regarded as ―green‖ solvents, which can possibly replace more hazardous conventional 

solvents in many chemical processes, including CO2 capture
5-7

. There are literally thousands 

of ionic liquids which can be synthesized, tested, and optimized for thermal, mechanical and 

chemical stability, and suitable density for various applications.
14 

 

 

 

Gas absorption measurements in ionic liquids can provide information about the interaction 

such as dipole-dipole interactions that exist between these gases and ionic liquids.
22

 These 

studies can also provide important information about the original solvent behaviour of ionic 

liquids.
22

 Absorption data for many gas-ionic liquid systems are scarce compared to systems 

utilising conventional physical and chemical solvents. Research has however been conducted 

at an accelerated pace as the potential of ionic liquids becomes known.
23-32

 

   

Numerous sources in literature have investigated ionic liquids for their absorption capacity of 

CO2. CO2 mole fractions were measured by gravimetric analysis in a variety of fluorinated 

and non-fluorinated ionic liquids at temperatures of  283.15-333.15 K and pressures up to 90 

bar by Anderson et al.
50

 and Muldoon et al.
34

. Significant focus was made on CO2 mole 

fraction measurement in non-fluorinated ionic liquids by Palgunadi et al.
35

 and Zhang et al.
37

, 

at atmospheric pressure and temperatures of 298.15-334.15 K. Shiflett and Yokozeki
49

, 

Arshad
38

, and Hasib-ur-Rahman et al.
39

 considered fluorinated imidazolium-based ionic 

liquids in their studies, at temperatures of 298.15-348.15 K and 0.1-800 bar. Anderson et al.
50

 

utilised a Rubotherm for high pressure VLE measurement.  

  

 



5 

 

 

The aim of this study was to measure CO2 and O2 absorption in Methyl trioctyl ammonium 

bis (trifluoromethylsulfonyl) imide ([MOA][Tf2N]), 1-butyl-3-methyl imidazolium bis 

(trifluoromethylsulfonyl) imide ([BMIM][Tf2N]) and 1-butyl-3-methyl imidazolium methyl 

sulphate ([BMIM][MeSO4]). While CO2 absorption in [BMIM][Tf2N] is well measured
34

, O2 

absorption has not. The measurement of O2 absorption is important since flue gas from coal 

power plants may contain up to 5% unreacted O2 (by volume), and solvents need to be highly 

CO2 selective to enable the efficient recovering of pure CO2 for disposal. Moreover, CO2 and 

O2 absorption in the relatively new ionic liquids had not been measured previously.  

 

Absorption measurements were performed by gravimetric analysis using an Intelligent 

Gravimetric Analyser (IGA-001) to determine the absorption isotherm of CO2 and O2 in the 

above three ionic liquids .at temperatures of 303.15, 313.15, 323.15 and 333.15 K and 

pressures up to 1.5 MPa. The Henry’s law constant for both gases in all ionic liquids at all 

isotherms were calculated. The absorption data was modelled using a generic RK-EOS with 

the aid of a group contribution method. The 3D structure of the ionic liquids is given in 

Figure 1. The effect of cation, anion and the operating conditions on absorption of CO2 and 

O2 in fluorinated and non-fluorinated ionic liquids were analysed, together with the CO2 

selectivity of each ionic liquid over O2.  

 

2. EXPERIMENTAL PROCEDURE 

    2.1 Materials 

 Carbon dioxide (CO2) and oxygen (O2) were obtained from Afrox Ltd (South Africa) with a 

minimum purity of 99.9 %. The ionic liquids: [MOA][Tf2N] was obtained from Fluka, 
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[BMIM][Tf2N] and [BMIM][MeSO4]
    

were obtained from Sigma-Aldrich, with a minimum 

purity of 98.0 %. Characterization of the chemicals is provided in Table 1. 

  

    2.2 Experimental Procedure 

    2.2.1 Density and Refractive Index Measurements 

The measurements of density (ρ) and refractive index (n) of the pure ionic liquids were 

undertaken using a digital vibrating-tube densimeter (Anton Paar DMA 5000) and 

refractometer (ATAGO, model RX-7000a, Japan), respectively with an accuracy of ± 0.03 K 

in temperature. The estimated accuracy in density and refractive index was ± 0.00003 g∙cm
-3 

and ± 0.00005, respectively. The experimental density (ρ) and refractive index (n) of pure 

ionic liquids together with literature
8,33,36 

densities (ρ) and refractive index (n) are given in 

Table 1. Moreover, the water content was determined using a Metrohm 702 SM Titrino Meter 

and was found to be 400 ppm in [MOA][Tf2N], 600 ppm in [BMIM][Tf2N] and 500ppm in 

[BMIM][MeSO4]. Samples were degassed before measurement as explained below. 

 

2.2.2 Gas Absorption and Desorption Measurements 

 Gas absorption and desorption measurements of various gases in ionic liquids were 

conducted by gravimetric analysis using an Intelligent Gravimetric Analyser (IGA-001) built 

by Hiden Analytical Ltd. A quantity of approximately 70 to 100 mg of solvent was typically 

loaded onto a stainless steel sample holder which was then loaded into a stainless steel 

reactor. The sample holder was attached to tungsten and gold wire leading up to a 

microbalance which has a resolution of ±0.001 mg. The weight of the sample holder is 

countered using a counterweight so that only the sample weight may be tracked.   

Each sample was degassed in the apparatus to ensure the removal of all volatile impurities 

using a Vacuubrand GMH-MD1 vacuum pump and an Edwards WRGS-NW35 
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turbomolecular pump to achieve ultra-high vacuum of 1x10
-4

 Pa. The apparatus can operate 

in the pressure range of (0.05 to 1.50) MPa using two pre-calibrated pressure controllers and 

in the temperature range from (293.15 to 773.15) K using a Polyscience SD07R-20 

refrigerated recirculating water bath and a Severn TF50/3/12/F furnace. A Pt100 probe with a 

resolution of ±0.01 K is located inside the reactor next to where the sample holder is 

suspended. Pressure was measured using a pressure transmitter with a resolution of ±1x10
-6

 

MPa. Once loaded, the sample was degassed. Thereafter, the gas was introduced and 

controlled at the desired pressure and temperature. The low quantity of sample required and 

the programmable nature of the apparatus through the use of IGA software provided by 

Hiden Isochema Ltd., made absorption measurements efficient and less time consuming. 

Each data point took 1 to 4 hours to ensure equilibrium. Figure S-1 in supporting information 

illustrates the sample weight change with time for CO2 in [MOA][Tf2N] at 303.15 K and at 

0.05MPa, with that particular point taking approximately 1 hour for equilbirum due to small 

sample size and efficient temperature and pressure control. The absorption and desorption 

isotherms at 303.15, 313.15, 323.15 and 333.15 K were measured. Pressures of 0.050 – 1.500 

MPa were considered in the case of CO2, whilst in the case of O2 it is 0.050 – 0.700 MPa due 

to limitations of gas regulation.   

Due to the sample being of liquid form, there was a significant change in the sample density 

due to the absorption of the injected gas, thus making the sample more buoyant and altering 

the actual weight reading of the sample. The weight reading was hence not a true reflection of 

the actual mass of gas absorbed. To correct this, the buoyancy force was taken into account 

by first noting the weight reading of the sample at different gas pressures using a non-

absorbent gas such as nitrogen or helium. The method of buoyancy correction is supplied as 

supporting information. Buoyancy correction is also explained in Macedonia et al.
48

. 
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Absorption measurements were conducted and analysed with the data discussed in this study. 

Desorption measurements were also conducted however, to confirm the potential 

recyclability of the ionic liquids as solvents.   

3. RESULTS AND DISCUSSION 

The absorption and desorption of CO2 and O2 in [MOA][Tf2N], [BMIM][Tf2N] and 

[BMIM][MeSO4] were determined by gravimetric analysis using an Intelligent Gravimetric 

Analyser (IGA). Systems with a fixed overall equilibrium composition of CO2 and O2 in 

[MOA][Tf2N], [BMIM][Tf2N] and [BMIM][MeSO4] were measured as a function of 

temperature and pressure are given in Tables 2-7. Figures 3-8 graphically show CO2 and O2  

absorption and desorption in [MOA][Tf2N], [BMIM][Tf2N] and [BMIM][MeSO4]
 

 at 

different temperatures as a function of pressure. Desorption measurements showed no 

consistent pattern of being higher than absorption measurements. Hysterisis is minimal, 

indicating that CO2 can be fully desorbed and recovered using these ionic liquids. From 

Figures 3-8, it can be seen that the absorption of both gases at all partial pressures was the 

highest at a lower temperature T = 303.15 K, and lowest at a higher temperature T = 333.15 K 

for each ionic liquid. This behaviour has also been observed in literature for other solvents 

including ionic liquids, confirming that absorption is an exothermic process.
 49

 Another 

observation of the absorption results, which is also consistent with literature
5,7,22

 is that an 

increase with gas partial pressure results in higher gas absorption for each ionic liquid. 

Additionally, the effect of cation and anion on absorption of gases in ionic liquids was 

studied and summarized in Figures 9 and 10, respectively.  

Regarding the three ionic liquids studied in this work, two contain the same fluorinated 

anions [Tf2N] but different class of cation such as [MOA], [BMIM]
 
and two ionic liquids 
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have same cation [BMIM]
 
 but different anions of [Tf2N] and [MeSO4]. The molar masses are 

648.85, 419.36 and 250.32 g∙mol
-1

 for [MOA][Tf2N], [BMIM][Tf2N] and [BMIM][MeSO4], 

respectively. By using the density data, we calculated the molar volumes of these ionic 

liquids at T = 303.15 K and it was found that the molar volume decreases in the following 

order: [MOA][Tf2N]
 

(588.64 cm
3
∙mol

-1
) > [BMIM][Tf2N] (292.87 cm

3
∙mol

-1
) > 

[BMIM][MeSO4] (207.09 cm
3
∙mol

-1
). It is known that the absorption of gases in ionic liquids 

is mainly affected by two factors: (i) interaction between the gas and the anion of the ionic 

liquids and (ii) the molar volume of ionic liquids
22,50

.     

Regarding CO2 absorption, Figures 3-5 show that [MOA][Tf2N] achieved the highest CO2 

absorption at each temperature and partial pressures studied, followed by [BMIM][Tf2N], 

with [BMIM][MeSO4] achieving the lowest CO2 absorption. This is because of the effect of 

cation, anion and molar volume of ionic liquids.  

Figure 9 provides a further comparison of CO2 absorption in the ionic liquids measured in 

this study to that of those measured in literature. It was found that CO2 absorption in 

[MOA][Tf2N] was higher than absorption in other ionic liquids such as [BMIM][PF6] and 

also [HMIM][Tf2N]. The [Tf2N] anion is more highly fluorinated than the [PF6] anion, and 

the [MOA] cation is larger than the [HMIM] cation. Further suggesting that CO2 absorption 

is higher with increasing fluorination and cation chain length. It was also observed that 

[MOA][Tf2N] achieved higher CO2 absorption than [HMPY][Tf2N] even when the CO2 

absorption in [HMPY][Tf2N] was measured at lower temperature. This may either illustrate 

the effect of increasing cation chain length, or prove that ammonium based cations achieve 

superior CO2 absorption over the imidazolium or pyridinium-based cations. CO2 absorption 

was also higher in [MOA][Tf2N] than in [BMPY][Tf2N], at 333.15 K. 
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Figure 10 illustrates that [BMIM][Tf2N] achieves higher CO2 absorption than 

[HMPY][Tf2N]. This is evident in that [BMIM][Tf2N] achieves equal CO2 absorption to that 

of [HMPY][Tf2N] even though absorption in [BMIM][Tf2N] was measured at a higher 

temperature. This suggests that imidazolium cations achieve higher CO2 absorption than 

pyridinium cations. However, this is inconclusive since measurements at 333.15 K find 

similar CO2 absorption achieved between [BMIM][Tf2N] and [BMPY][Tf2N]. Comparisons 

between measured and literature values at 323.15 K show CO2 absorption to occur the 

highest in [HMIM][Tf2N], followed by [BMIM][Tf2N] and thereafter [BMIM][PF6], 

confirming with good certainty that increased fluorination of the cation achieves increased 

CO2 absorption and particular cation types, higher cation chain lengths increase CO2 

absorption. This confirms findings from other literature as well
23,51

 that a larger chain length 

of the cation in an IL results in higher absorption being achieved. 

 

The effect of the anion on CO2 absorption can be confirmed by also comparing the measured 

results between [BMIM][Tf2N] and [BMIM][MeSO4] seen in Figures 4 and 5, where 

[BMIM]
 
[Tf2N] achieved higher CO2 absorption than [BMIM][ MeSO4]. This is because 

[BMIM][Tf2N] has a higher molar volume and greater interaction between CO2 and [Tf2N] 

than [MeSO4] anion, due to increased fluorination.  

 

As far as molar volume was concerned, it is proposed that ionic liquids with higher molar 

volume would achieve greater absorption of a gas solute.
22,50,52-54

 This may be because 

increasing the molar volume of ionic liquids increases the void space (free volume), 
55,45

 and 

gases appear to be dissolved by occupying these free spaces available in ionic liquids.
55,46,56
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It is clear from the result that the absorption of CO2 in the tested ionic liquids decrease in 

order: [MOA][Tf2N]
 

> [BMIM][Tf2N] > [BMIM][MeSO4] being possible to achieve 

maximum mole fractions of absorbed CO2 corresponding to 0.343, 0.283, and 0.138, 

respectively at T = 303.15 K and 1.5 MPa. The superior CO2 absorption achieved by 

[MOA][Tf2N]
 
and [BMIM][Tf2N] confirms that ionic liquids with fluorinated anions achieve 

higher CO2 absorption than ionic liquids with non-fluorinated anions. The study also found 

that [MOA][Tf2N] achieved higher CO2 absorption at T = 323.15 K than more conventional 

ionic liquids such as [BMIM][BF4] and [BMIM][PF6] as measured by (Shiflett and 

Yokozeki)
49

 and [HMIM][Tf2N] by Anderson et al.,
50

   

 

Regarding O2 absorption, Figure 7 shows a favourable comparison of measurements done in 

this work, with measurements conducted by Anthony et al (2005)
22

 at 323.15K. Data was 

especially comparable at low pressure while some deviation occurred at higher pressure of 

0.7 MPa. This suggests that the technique of gravimetric analysis using N2 for buoyancy 

correction may be accurate for systems O2 especially at pressure below 0.4 MPa.  

 

Figures 6-8, show that [MOA][Tf2N] achieved the highest O2 absorption at each temperature 

and partial pressure studied, followed by [BMIM][MeSO4] with [BMIM][Tf2N] achieving the 

lowest O2 absorption. Figure 9 shows the effect of cation on O2 absorption. From Figure 9 it 

can be seen that [MOA][Tf2N] achieved the higher O2 absorption than [BMIM][Tf2N] due to 

the same effects that occurred for CO2 absorption.  

A short comparison with literature is illustrated in Figure 11. It can be observed that 

[MOA][Tf2N] not only achieved the highest O2 absorption of all ionic liquids in this work, 

but also achieved higher absorption than [BMPY][Tf2N], measured by Anderson et al.
50

. This 
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suggests that ammonium cations may be less CO2 selective than imidazolium and pyridinium 

cations. 

 

An observation of Figures 6 to 8 shows  that [BMIM][ MeSO4] achieved higher O2 

absorption than [BMIM][Tf2N]. These results show that the anions have a much larger effect 

on the O2 absorption. The absorption of O2 in ionic liquids decrease in order: [MOA][Tf2N]
 
> 

[BMIM][MeSO4] > [BMIM][Tf2N] being possible to achieve maximum mole fractions of 

absorbed/desorbed O2 corresponding to 0.023, 0.013, and 0.006, respectively at T = 303.15 K 

and 0.7 MPa. 

 

Furthermore, the ionic liquid [MOA][Tf2N]
 
achieved the highest CO2 and O2 absorption, 

indicating that this ionic liquid may not necessarily be favourable for gas separation 

processes appreciable amounts of both CO2 and O2, due to its low selectivity. By contrast, 

[BMIM][Tf2N] achieved the 2
nd

 highest CO2 absorption capacity and the lowest O2  

absorption capacity, indicating that this ionic liquid is more selective towards CO2 absorption 

and is hence more applicable in CO2 capture processes. 

 

An effective way of comparing ionic liquids and solvents for gas absorption is to calculate 

the Henry’s law constant, KH, of the absorbed gas in the binary system at each temperature.  

gas

gas

Tt,gas,solvenH

x

P
K                                                                                                                               (5) 

where xgas is the mole fraction of CO2 and O2 in IL and Pgas is the equilibrium pressure. 
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Table 8 contains Henry’s law constant values measured in MPa for CO2 and O2 in all three 

ionic liquids and at each isotherm. A high deviation of 0.4 MPa is noted, due to higher 

Henry’s law constants calculated at pressures of 1.3 and 1.5 MPa. . Nevertheless,  a 

comparison of Henry’s law constants confirms the conclusions drawn from the absorption 

measurements. The high selectivity of [BMIM][Tf2N] for CO2 absorption is ascertained by 

comparing the Henry’s constants of CO2 and O2 for all isotherms.   

Table 9 contains Enthalpy and Entropy of absorption for CO2 and O2 in all ionic liquids. 

Results for [BMIM][Tf2N] compare favourably with Arshad (2009)
38

. Enthalpy and Entropy 

of absorption values show that CO2 absorption in [MOA][Tf2N] is the least sensitive to 

temperature, while absorption in [BMIM][MeSO4] is the most sensitive. The opposite is true 

in the case of O2 absorption, although comparatively the high enthalpies and entropies of 

absorption for O2 indicate low O2 solubility in relation to CO2 in these ionic liquids.   

 

 

4. CORRELATION OF ABSORPTION DATA 

The modelling of gas absorption in ionic liquids has been reported in numerous literature 

sources. More complex models take into account the asymmetry or cations and anions, as 

well as dipole and quadrupolar interactions. 

   

Due to the relative simplicity of the ionic liquid species in this study in terms of asymmetry, 

absorption data of CO2 and O2 in all ionic liquids was successfully correlated using a much 

simpler equation of state (EOS). The generic RK-EOS was used, which was previously 



14 

 

applied successfully for ionic liquids containing fluorinated anions and imidazolium 

cations
23

: 

)(
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P





                                                                                                               (6) 

where a(T) in eq 6, is a function of temperature and species mole fraction. For the 

components in this work, the Van der Waals-Berthelot mixing formula was used as 

successfully applied for similar systems.
23,57
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P

RT
b                                        (9) 

lij, lji, kij, and mij are binary interaction parameters with mij = mji and mii = 0. Coefficients βk 

are treated as adjustable fitting parameters. As with many other ionic liquids, critical 

temperature and pressure could not be found in literature for the ionic liquids in this study. 

This is due to ionic liquids decomposing before reaching their critical point.  

Critical temperature and pressure were thus computed using a modified Lydersen-Joback-

Reid group contribution method: 
58,59

  

   


2

MMMM

b

C

TnTnBA

T
T  where  

bMb
2.198 TnT                                    (10) 

 
2

MM

C

 



PnC

M
P                                                                                                            (11) 
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where AM = 0.5703, BM = 1.0121, CM = 0.2573, EM = 6.75. n is the number of occurrences of 

any particular functional group in the molecule. Group contributions of ∆TbM are provided in 

the work of Alvarez and Valderrama.
58

  

 

In this study, we modelled the absorption of CO2 and O2 in all three ionic liquids. Model 

parameters are provided as supporting information  in Table S1 while estimated critical 

properties are shown in Table S2. 

  

Figures 3 - 8, illustrate the model-calculated CO2 and O2 partial pressure using parameters 

obtained by data regression, in comparison to the measured data. It is evident that model 

estimates compare quite favourably with measured data. The root-mean-square error for each 

system is provided in Table 9, showing very good accuracy of model estimates, which is 

consistent with the work of Shiflett and Yokozeki
49

 for CO2 absorption in [BMIM][PF6] and 

[BMIM][BF4]. 

 

It is observed from Figures 6 - 8 that O2 absorption decreases significantly with increasing 

temperature. The temperature effect is far more pronounced than with CO2 absorption. As a 

result modelling of the data became more difficult, and while Table 9 contains regressed 

parameters for CO2 absorption in all ionic liquids, common for all temperatures, parameters 

for O2 absorption differ for each isotherm.  
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5. CONCLUSIONS 

Absorption measurements of CO2 and O2 in the ionic liquids [MOA][Tf2N], [BMIM][Tf2N] 

and [BMIM][MeSO4] have been reported. The data of each isotherm was confirmed to incur 

low hysterisis. The ionic liquid [MOA][Tf2N] achieved the highest CO2 and O2 absorption 

from all the ionic liquids studied and some other ionic liquids compared in the literature, 

which indicates good CO2 solubility but undesirably low CO2 selectivity The ionic liquid 

[BMIM][Tf2N],
 
although having not achieved the highest CO2 absorption of the three ionic 

liquids studied, was found the most suitable for CO2 absorption from flue gas due to its 

higher selectivity of CO2 over O2.. The calculation of Henry’s law constants for CO2 and O2 

in all ionic liquids at all isotherms confirmed the findings made by analysis of the absorption 

data, and provide an effective numerical comparison of ionic liquids performance as gas 

absorbents. A further analysis of enthalpy and entropy of absorption revealed solubility in 

[BMIM][MeSO4] to be highly temperature sensitive. The generic RK-EOS  model achieved 

accurate estimates for all systems studied, with a root mean square error of no higher than 

1.98 kPa. The model was found to be more robust for systems containing CO2, while 

parameter regression became more temperature sensitive with systems containing O2.  
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Table 1: Densities, ρ, and Refractive Index, n, of Pure ILs together with Literatures at 

Experimental Temperature  

Component                             T/K                      ρ/(gcm
-3

)                                    n 

Exp.                     Lit.           Exp.                          Lit. 

[MOA][Tf2N]     303.15 1.10228 1.1032
a
 1.43656 - 

  313.15 1.09474 1.0957
a
 1.43341 - 

  323.15 1.08720 - 1.43035 - 

  333.15 1.07970 - 1.42721 - 

[BMIM][Tf2N]    303.15 1.43191 1.4334
b
 1.42546 - 

  313.15 1.42233 1.4239
b
 1.42251 - 

  323.15 1.41283 1.4144
b
 1.41945 - 

  333.15 1.40338 1.4048
b
 1.41655 - 

[BMIM][MeSO4]  303.15 1.20873 1.20881
c
 1.47809 1.47805

c
 

  313.15 1.20198 1.20204
c
 1.47532 1.47536

c
 

  323.15 1.19606 1.19534
c
 1.47261 1.47266

c
 

  333.15 1.18845 1.18873
c
 1.46998 1.47000

c
 

a
From ref 8. 

b
From ref 33. 

c
From ref 36. 
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Table 2: Experimental Results for Absorption and Desorption of CO2 in [MOA][Tf2N] 

Pmeas/MPa T/K xCO2 Pmeas/MPa T/K xCO2 Pcalc/MPa 
                                       absorption                                                       desorption 

0.0499 303.18 0.017 0.0499 303.17 0.017 0.0500 

0.1000 303.21 0.031 0.0998 303.15 0.035 0.1000 

0.3998 303.18 0.122 0.3998 303.21 0.138 0.4003 

0.7000 303.18 0.198 0.7000 303.15 0.197 0.7005 

1.0000 303.18 0.263 0.9998 303.05 0.280 1.0000 

1.2999 303.17 0.319 1.2997 303.17 0.323 1.3000 

1.4999 303.23 0.343 1.4999 303.23 0.344 1.5011 

0.0499 313.25 0.019 0.0500 313.14 0.013 0.0500 

0.1000 313.09 0.027 0.0998 313.13 0.030 0.0999 

0.4000 313.13 0.104 0.3998 313.07 0.110 0.3999 

0.6999 313.15 0.173 0.7000 313.10 0.187 0.6999 

0.9997 313.13 0.235 0.9999 313.12 0.235 0.9993 

1.2999 313.16 0.287 1.2998 313.07 0.293 1.2989 

1.4996 313.17 0.313 1.4996 313.17 0.314 1.4992 

0.0500 323.26 0.0143 0.0499 323.16 0.010 0.0500 

0.1000 323.18 0.0215 0.0998 323.10 0.022 0.0999 

0.4001 323.14 0.0886 0.3998 323.22 0.094 0.3997 

0.7000 323.20 0.1511 0.6999 323.07 0.154 0.6999 

0.9999 323.19 0.1981 1.0000 323.19 0.212 0.9999 

1.3000 323.17 0.2493 1.3000 323.05 0.260 1.2993 

1.5000 323.15 0.2820 1.5000 323.15 0.282 1.4992 

0.0500 333.24 0.0112 0.0499 333.14 0.006 0.0500 

0.0999 333.14 0.0178 0.0999 333.24 0.017 0.0999 

0.3999 333.12 0.0773 0.3998 333.18 0.086 0.3996 

0.6998 333.11 0.1330 0.6999 333.04 0.141 0.6999 

1.0000 333.24 0.1802 0.9999 333.07 0.191 1.0006 

1.2998 333.16 0.2281 1.2998 333.12 0.234 1.3005 

1.4999 333.13 0.2595 1.4999 333.13 0.258 1.5006 

Uncertainty: T = ±0.01 K; P = 1x10
-6

 MPa; x = ±0.00005 
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Table 3: Experimental Results for Absorption and Desorption of CO2 in BMIM][Tf2N] 

Pmeas/MPa T/K xCO2 Pmeas/MPa T/K xCO2 Pcalc/MPa 
                                     absorption                                                 desorption 

0.0499 303.22 0.016 0.0499 303.17 0.014 0.0504 

0.1000 303.16 0.027 0.0999 303.13 0.028 0.0996 

0.4000 303.18 0.096 0.3998 303.14 0.104 0.3996 

0.7000 303.18 0.158 0.6994 303.06 0.165 0.7000 

0.9998 303.25 0.202 0.9996 303.06 0.219 1.0009 

1.3001 303.20 0.260 1.2996 303.10 0.263 1.3013 

1.4999 303.22 0.283 1.4999 303.22 0.282 1.5021 

0.0499 313.28 0.015 0.0499 313.17 0.008 0.0503 

0.1000 313.19 0.020 0.0998 313.15 0.024 0.0984 

0.4001 313.13 0.077 0.3998 313.10 0.083 0.3993 

0.7001 313.18 0.131 0.6997 313.05 0.135 0.6996 

1.0001 313.14 0.178 0.9995 313.07 0.182 0.9996 

1.2998 313.14 0.216 1.2999 313.12 0.223 1.299 

1.5000 313.11 0.245 1.5000 313.11 0.245 1.4977 

0.0500 323.27 0.011 0.0499 323.15 0.005 0.0501 

0.1000 323.22 0.016 0.0998 323.15 0.013 0.1019 

0.3999 323.20 0.064 0.3997 323.09 0.051 0.3992 

0.7000 323.14 0.108 0.6998 323.12 0.098 0.6994 

1.0000 323.24 0.147 0.9997 323.17 0.140 1.0000 

1.3000 323.09 0.186 1.2999 323.10 0.179 1.2985 

1.5000 323.17 0.210 1.5000 323.17 0.210 1.4974 

0.0498 333.18 0.004 0.0499 333.07 0.005 0.0501 

0.0999 333.15 0.010 0.1000 333.06 0.010 0.1005 

0.4020 333.21 0.042 0.3999 333.22 0.052 0.3982 

0.7001 333.21 0.094 0.6999 333.14 0.091 0.6995 

0.9998 333.17 0.119 0.9998 333.17 0.124 1.0003 

1.3000 333.19 0.145 1.2999 333.12 0.141 1.3015 

1.5000 333.17 0.155 1.5001 333.14 0.149 1.5028 

Uncertainty: T = ±0.01 K; P = 1x10
-6

 MPa; x = ±0.00005 
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Table 4: Experimental Results for Absorption and Desorption of CO2 in [BMIM][MeSO4] 

Pmeas/MPa T/K xCO2 Pmeas/MPa T/K xCO2 Pcalc/MPa 
                                   absorption                                                  desorption 

0.0499 303.18 0.005 0.0505 303.18 0.008 0.0500 

0.1000 303.20 0.010 0.1001 303.19 0.015 0.1000 

0.3997 303.16 0.045 0.4011 303.16 0.048 0.4000 

0.7001 303.09 0.084 0.7003 303.09 0.085 0.6998 

1.0001 303.20 0.104 0.9996 303.10 0.106 1.0006 

1.3001 303.17 0.130 1.3001 303.09 0.132 1.3003 

1.5000 303.17 0.138 1.5000 303.17 0.140 1.5012 

0.0506 313.25 0.008 0.0509 313.15 0.007 0.0500 

0.0998 313.20 0.010 0.1005 313.14 0.013 0.1000 

0.4005 313.13 0.038 0.4000 313.06 0.040 0.3998 

0.6998 313.11 0.074 0.6999 313.17 0.071 0.6994 

1.0000 313.14 0.096 0.9995 313.05 0.097 0.9994 

1.3000 313.16 0.118 1.2999 313.11 0.117 1.2989 

1.5000 313.16 0.129 1.5000 313.16 0.129 1.4988 

0.0507 323.23 0.007 0.0502 323.14 0.003 0.0500 

0.1003 323.11 0.007 0.1004 323.11 0.007 0.1000 

0.4000 323.15 0.035 0.4004 323.19 0.035 0.3997 

0.7001 323.19 0.058 0.7001 323.08 0.058 0.6998 

1.0001 323.24 0.078 1.0001 323.15 0.077 1.0001 

1.2999 323.23 0.097 1.3000 323.21 0.099 1.3004 

1.4999 323.13 0.112 1.4999 323.13 0.109 1.4991 

0.0504 333.23 0.003 0.0506 333.04 -0.001 0.0500 

0.1011 333.10 0.004 0.1004 333.10 0.003 0.1000 

0.3998 333.22 0.028 0.4000 333.20 0.030 0.3998 

0.6999 333.25 0.047 0.7000 333.17 0.050 0.6999 

0.9998 333.09 0.065 0.9998 333.07 0.069 0.9998 

1.2998 333.13 0.083 1.3000 333.08 0.085 1.3004 

1.5000 333.05 0.092 1.5000 333.05 0.092 1.5009 

Uncertainty: T = ±0.01 K; P = 1x10
-6

 MPa; x = ±0.00005 
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Table 5: Experimental Results for Absorption and Desorption of O2 in [MOA][Tf2N] 

Pmeas/MPa T/K xO2 Pmeas/MPa T/K xO2 Pcalc/MPa 
                                        absorption                                                       desorption 

       

0.0499 303.11 0.004 0.0498 303.17 0.003 0.0499 

0.0999 303.19 0.008 0.0999 303.11 0.008 0.0999 

0.3997 303.15 0.016 0.3997 303.11 0.016 0.3997 

0.6998 303.15 0.023 0.6998 303.15 0.024 0.6998 

0.0498 313.31 0.002 0.0498 313.14 0.001 0.0511 

0.0999 313.11 0.004 0.0999 313.10 0.002 0.1012 

0.3997 313.21 0.013 0.3998 313.07 0.012 0.3996 

0.7000 313.17 0.020 0.7000 313.17 0.021 0.7000 

0.0498 323.25 0.000 0.0498 323.13 0.000 0.0499 

0.0999 323.18 0.001 0.0999 323.23 0.002 0.0999 

0.3999 323.24 0.008 0.3998 323.16 0.007 0.3999 

0.6999 323.15 0.013 0.6999 323.15 0.013 0.6999 

0.0498 333.28 0.000 0.0498 333.15 0.0002 0.0497 

0.0999 333.18 0.001 0.0999 333.11 0.0003 0.0994 

0.3996 333.23 0.003 0.3997 333.25 0.003 0.3996 

0.7000 333.05 0.004 0.7000 333.05 0.003 0.7000 

Uncertainty: T = ±0.01 K; P = 1x10
-6

 MPa; x = ±0.00005 
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Table 6: Experimental Results for Absorption and Desorption of O2 in [BMIM][Tf2N] 

Pmeas/MPa T/K xO2 Pmeas/MPa T/K xO2 Pcalc/MPa 
                                 absorption                                                       desorption 

0.0498 303.19 0.001 0.050 303.162 0.001 0.0500 

0.0999 303.17 0.002 0.100 303.071 0.002 0.0999 

0.3999 303.22 0.006 0.400 303.109 0.005 0.3999 

0.7000 303.25 0.006 0.700 303.248 0.005 0.7000 

0.0498 313.29 0.001 0.050 313.154 0.001 0.0500 

0.0999 313.12 0.002 0.100 313.059 0.001 0.0999 

0.3999 313.12 0.004 0.400 313.054 0.004 0.3999 

0.7001 313.20 0.005 0.700 313.197 0.005 0.7001 

0.0499 323.27 0.000 0.050 323.143 0.001 0.0500 

0.0998 323.09 0.001 0.100 323.220 0.001 0.0999 

0.3998 323.24 0.003 0.400 323.138 0.003 0.3998 

0.6999 323.23 0.005 0.700 323.234 0.004 0.6999 

0.0500 333.29 0.0003 0.050 333.138 0.0003 0.0500 

0.0999 333.19 0.0003 0.100 333.114 0.0002 0.0999 

0.3999 333.15 0.0004 0.400 333.066 0.0003 0.3999 

0.7000 333.19 0.0005 0.700 333.186 0.0005 0.6999 

Uncertainty: T = ±0.01 K; P = 1x10
-6

 MPa; x = ±0.00005 
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Table 7: Experimental Results for Absorption and Desorption of O2 in 

[BMIM][MeSO4] 

Pmeas/MPa T/K xO2 Pmeas/MPa T/K xO2 Pcalc/MPa 
                                absorption                                              desorption 

0.0495 303.18 0.007 0.0495 303.19 0.007 0.0500 

0.0994 303.15 0.008 0.0996 303.06 0.008 0.0999 

0.3994 303.22 0.012 0.3994 303.11 0.012 0.3989 

0.6995 303.06 0.013 0.6995 303.06 0.013 0.6997 

0.0496 313.30 0.007 0.0495 313.14 0.007 0.0486 

0.0994 313.15 0.007 0.0996 313.06 0.007 0.0973 

0.3995 313.08 0.011 0.3995 313.04 0.011 0.3942 

0.6995 313.15 0.012 0.6995 313.15 0.012 0.7000 

0.0495 323.33 0.006 0.0496 323.14 0.005 0.0496 

0.0993 323.11 0.007 0.0996 323.16 0.007 0.0999 

0.3993 323.20 0.009 0.3996 323.17 0.009 0.3992 

0.6995 323.23 0.010 0.6995 323.23 0.010 0.6995 

0.0495 333.35 0.003 0.0497 333.13 0.003 0.0501 

0.0998 333.10 0.003 0.0995 333.13 0.003 0.0999 

0.3993 333.10 0.005 0.3996 333.24 0.005 0.3993 

0.6996 333.15 0.007 0.6996 333.15 0.007 0.6996 

Uncertainty: T = ±0.01 K; P = 1x10
-6

 MPa; x = ±0.00005 
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Table 8: Henry ́s Law C onstants of CO2 and O2 (KHCO2 and KHO2) in 

[MOA][Tf2N], [BMIM][Tf2N]
 

and [BMIM][MeSO4]
 

Estimated from 

Absorption Data 

T/K 
           [MOA][Tf2N]

                    
[BMIM][Tf2N]

                  
[BMIM][MeSO4] 

KHCO2 /MPa 

303.15 3.7 4.6 9.6 

313.15 4.2 5.6 10.5 

323.15 4.9 6.7 12.9 

333.15 5.5 9.0 15.3 

 
KHO2 /MPa 

303.15 19.6 65.6 26.6 

313.15 30.9 82.9 28.9 

323.15 59.1 128.6 36.1 

333.15 138.1 223.7 58.9 

 

 

Table 9: Enthalpy and Entropy of Absorption for CO2 and O2 

in the Ionic Liquids Studied in this Work 

 

[BMIM][Tf2N] [MOA][Tf2N] [BMIM][MeSO4] 

 

∆H/kJ∙mol
-1

 

CO2 -13.46 ± 1.8 -10.46 ± 1.8 -18.15 ± 4.46 

O2 -26.80 ± 2.32 -25.53 ± 3.45 -9.25 ± 3.29 

 

∆S/J∙mol
-1

∙K
-1

 

CO2 -45.30 ± 5.74 -34.27 ± 4.96 -47.52 ± 5.47 

O2 -79.12 ± 19.07 -81.80 ± 11.02 -35.62 ± 2.61 
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Figure Captions 

Figure 1. 3D structure of ionic liquids: (a) [MOA][Tf2N], (b) 
 
[BMIM][Tf2N]

 
and (c)

 

[BMIM][MeSO4]
 
used in this work. 

Figure 2. Experimental Set-up of IGA-001 used for the measurements of Gas 

absorption/desorption.  

Figure 3. Isothermal absorption and desorption of CO2 in [MOA][Tf2N]: (◊) absorption, (□) 

desorption at 303.15 K; (∆) absorption, (x) desorption at 313.15 K; (●) absorption, (○) 

desorption at 323.15 K; and (+)  absorption, (- -) desorption at 333.15 K. The points joined by 

the (…..) lines are points obtained by model estimates using parameters regressed from 

measured data. 

Figure 4. Isothermal absorption and desorption of CO2 in [BMIM][Tf2N]: (◊) absorption, (□) 

desorption at 303.15 K; (∆) absorption, (x) desorption at 313.15 K; (●) absorption, (○) 

desorption at 323.15 K; and (+)  absorption, (- -) desorption at 333.15 K. The points joined by 

the (…..) lines are points obtained by model estimates using parameters regressed from 

measured data. 

Figure 5. Isothermal absorption and desorption of CO2 in [BMIM][MeSO4]: (◊) absorption, 

(□) desorption at 303.15 K; (∆) absorption, (x) desorption at 313.15 K; (●) absorption, (○) 

desorption at 323.15 K; and (+)  absorption, (- -) desorption at 333.15 K. The points joined by 

the (…..) lines are points obtained by model estimates using parameters regressed from 

measured data. 
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Figure 6. Isothermal absorption and desorption of O2 in [MOA][Tf2N]: (◊) absorption, (□) 

desorption at 303.15 K; (∆) absorption, (x) desorption at 313.15 K; (●) absorption, (○) 

desorption at 323.15 K; and (+)  absorption, (- -) desorption at 333.15 K. The points joined by 

the (…..) lines are points obtained by model estimates using parameters regressed from 

measured data. 

Figure 7. Isothermal absorption and desorption of O2 in [BMIM][Tf2N]: (◊) absorption, (□) 

desorption at 303.15 K; (∆) absorption, (x) desorption at 313.15 K; (●) absorption, (○) 

desorption at 323.15 K; and (+)  absorption, (- -) desorption at 333.15 K. (■) Anthony et al. 

(2005)
22

. The points joined by the (…..) lines are points obtained by model estimates using 

parameters regressed from measured data. 

Figure 8. Isothermal absorption and desorption of O2 in [BMIM][MeSO4]: (◊) absorption, 

(□) desorption at 303.15 K; (∆) absorption, (x) desorption at 313.15 K; (●) absorption, (○) 

desorption at 323.15 K; and (+)  absorption, (- -) desorption at 333.15 K. The points joined by 

the (…..) lines are points obtained by model estimates using parameters regressed from 

measured data. 

Figure 9. Figure: Isothermal absorption of CO2 in [MOA][Tf2N]
 
in comparison to other ionic 

liquids measured in literature: (●) absorption at 313.15 K; : (▲) absorption, at 323.15 K;  (■) 

absorption at 333.15 K; (x) Absorption in [HMPY][Tf2N] at 298.15 K 
34

; (o) [Grey] 

Absorption in [BMIM][PF6] at 323.15 K
49

; (o) Absorption in [HMIM][Tf2N] at 323.15 K 

(Anderson et al.
50

); (□) Absorption in [BMPY][Tf2N] at 333.15 K
47

 

Figure 10. Isothermal absorption of CO2 in [BMIM][Tf2N]
 
in comparison to other ionic 

liquids measured in literature: (■) Absorption at 303.15 K; (▲) Absorption at 313.15 K; : (●) 

Absorption at 323.15 K;  (♦) Absorption at 333.15 K; (x) Absorption in [HMPY][Tf2N] at 

298.15 K (Muldoon et al. 2007); (o) [Grey] Absorption in [BMIM][PF6] at 323.15 K (Shiflett 
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et al. 2005); (o) Absorption in [HMIM][Tf2N] at 323.15 K (Anderson et al. 2007); (◊) 

Absorption in [BMPY][Tf2N] at 333.15 K (Kumelan et al. 2010) 

Figure 11. Isothermal absorption of O2 in [BMIM][Tf2N]
 
and [MOA][Tf2N] in comparison to 

[BMPY][Tf2N] measured in literature: (♦) Absorption in [BMIM][Tf2N] at 303.15 K (▲) 

Absorption in [BMIM][Tf2N] at 313.15 K; (■) Absorption in [MOA][Tf2N] at 303.15 K(●) 

Absorption in [MOA][Tf2N] at 313.15 K; (x) Absorption in [BMPY][Tf2N] at 298.15 K 

(Anderson et al., 2007) 
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Figure 1. 

 

(a)  

(b)  

(c) 

Figure 2. 
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Supporting information: Buoyancy Correction 

The weight change of the sample as gas absorption/desorption occurs is calculated by taking 

into account all contributing forces including the mass of the counterweight and its associated 

attachments (hook and chain), the sample container and its associated attachments (hook and 

chains), the density of the sample and that of the absorbing gas. The following equation 

applies: 

W = g[ms + ma - mc + mI - mII -ρf(Vas + VI - VII - Vc)]                                                   (1) 

where W is the weight reading, g is acceleration due to gravity in m.s
-2

, ms is the dry sample 

mass, ma is the mass absorbed which needs to be determined, mc is the mass of 

counterweight, mI and mII are the mass of the balance components on the sample side and 

counterweight side respectively, and ρf is the density of the absorbing gas. All masses and the 

weight reading W are measured in grams. VI, VII and VC are the volume of balance 
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components on the sample side, the volume of balance components on the counterweight 

side, and the volume of the counterweight respectively. Vas is the volume of the sample and 

the absorbed gas. All volumes are measured in cm
3
. 

W = g[ms + ma,N2 - mc + mI - mII –ρN2(VN2 + VI - VII - Vc)]                                               (2) 

where ma,N2 is the mass of sample and absorbed nitrogen and VN2 is the volume of sample and 

absorbed nitrogen. 

The method of buoyancy correction is explained in detail by Macedonia et al.,
48

 In this study, 

the buoyancy of the sample was corrected using N2 gas, which is negligibly soluble in the 

samples in question and possesses a molecular mass more comparable to CO2 than the use of 

helium gas, thus providing good accuracy is asserting the assumption of Vas=VN2.  

The error in weight measurement can be expressed as: 

u(w) = u(w)
1
 + u(w)

2
                                                                                                               (3) 

where u(w)
1
 and u(w)

 2 
is the sum of error in mass reading of each component in eqs 1 and 2, 

respectively.   

Due to each mass of each balance component in eq 1 being accurate to ±0.001 mg, and with 

the need of buoyancy correction eq 2, u(w) may be expressed as: 

u(w) = u(w)1 + u(w)2 = 0.005 + 0.005 = ±0.01 mg                                                                (4) 
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Table S1: Binary Interactions and Fitting Parameters by using  RK-EOS model  

    T/ (K)         β0                       β1                  β2             β3                      ℓ12                        ℓ21                          τ12                         m12                      σ  
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CO2 (1) + [MOA][Tf2N] (2) 

 303.15 1.5x10
-1

 -2.3x10
-2

 0.0 0.0 1.5x10
-1

 1.0x10
14

 -2.3x10
-2

 9.1x10
-1

 7.1x10
-6

 

 313.15 1.5x10
-1

 -2.3x10
-2

 0.0 0.0 1.5x10
-1

 1.0x10
14

 -2.3x10
-2

 9.1x10
-1

 7.1x10
-6

 

 323.15 1.5x10
-1

 -2.3x10
-2

 0.0 0.0 1.5x10
-1

 1.0x10
14

 -2.3x10
-2

 9.1x10
-1

 7.1x10
-6

 

 333.15 1.5x10
-1

 -2.3x10
-2

 0.0 0.0 1.5x10
-1

 1.0x10
14

 -2.3x10
-2

 9.1x10
-1

 7.1x10
-6

 

CO2 (1) + [BMIM][Tf2N] (2) 

 
303.15 6.4x10

-2
 8.4x10

-4
 0.0 0.0 -2.2x10

-1
 1.2x10

1
 -8.8x10

2
 0.3x10

1
 1.4x10

-4
 

 313.15 6.4x10
-2

 8.4x10
-4

 0.0 0.0 -2.2x10
-1

 1.2x10
1
 -8.8x10

2
 0.3x10

1
 1.4x10

-4
 

 323.15 6.4x10
-2

 8.4x10
-4

 0.0 0.0 -2.2x10
-1

 1.2x10
1
 -8.8x10

2
 0.3x10

1
 1.4x10

-4
 

 333.15 6.4x10
-2

 8.4x10
-4

 0.0 0.0 -2.2x10
-1

 1.2x10
1
 -8.8x10

2
 0.3x10

1
 1.4x10

-4
 

CO2 (1) + [BMIM][MeSO4] (2) 

  

303.15 1.7x10
-1

 -1.7x10
-2

 0.0 0.0 9.9x10
-1

 9.9x10
-1

 7.25x10
5
 7.18x10

3
 1.5x10

-4
 

313.15 1.7x10
-1

 -1.7x10
-2

 0.0 0.0 9.9x10
-1

 9.9x10
-1

 7.25x10
5
 7.18x10

3
 1.5x10

-4
 

323.15 1.7x10
-1

 -1.7x10
-2

 0.0 0.0 9.9x10
-1

 9.9x10
-1

 7.25x10
5
 7.18x10

3
 1.5x10

-4
 

333.15 1.7x10
-1

 -1.7x10
-2

 0.0 0.0 9.9x10
-1

 9.9x10
-1

 7.25x10
5
 7.18x10

3
 1.5x10

-4
 

O2 (1) + [MOA][Tf2N] (2) 

 

303.15 -1.7x10
-1

 4.3x10
-2

 0.0 0.0 -6.4 -8.7x10
1
 -1.1x10

-5
 2.1 0.0 

313.15 1.2 -2.3x10
-1

 0.0 0.0 7.2x10
-8

 -3.5x10
-6

  6.8x10
1
 9.7x10

-1
 6.3x10

-4
 

323.15 3.3 -4.9x10
-1

 0.7 -0.2 0.0 0.0 -3.7x10
5
 5.6x10

1
 2.5x10

-5
 

333.15 1.7 1.4x10
-1

 1.2 -0.3 -8.0x10
-3

 1.8 -3.0x10
2
 9.9x10

-1
 1.5x10

-4
 

O2 (1) + [BMIM][Tf2N] (2) 

  

303.15 5.5 -1.4 0.0 0.0 6.3x10
-10

 -9.9x10
-8

 -5.4x10
2
 1.2 5.0x10

-5
 

313.15 1.2 -3.0x10
-1

 0.0 0.0 -6.2x10
-3

 1.2 -1.0x10
2
 9.9x10

-1
 5.0x10

-5
 

323.15 1.2x10
2
 -4.9x10

1
 1.0 1.0 -4.2x10

-7
 -6.1 -2.5x10

4
 3.9x10

1
 5.0x10

-5
 

333.15 1.1x10
2
 -4.8x10

1
 1.0 1.0 7.8x10

-4
 2.8x10

3
 8.6x10

6
 8.0x10

2
 2.5x10

-5
 

O2 (1) + [BMIM][MeSO4] (2) 

 

303.15 9.9 -3.1 0.0 0.0 -1.2 -3.5 -1.1 1.0x10
-1

 1.7x10
-4

 

313.15 3.4 -1.1 0.0 0.0 -5.0x10
-2

 4.1 -2.0x10
-1

 1.0 2.0x10
-3

 

323.15 1.0 -1.2x10
1
 1.0 1.0 -5.2 x10

-2
 -3.1x10

5
 -3.2x10

2
 1.0 1.5x10

-4
 

333.15 2.9 -1.3 x10
1
 1.0 1.0 -3.9x10

-9
 5.7x10

-7
 -6.5x10

1
 -2.5 1.8x10

-4
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Table S2: Critical Properties of ILs used in this study 

  

ionic liquid                 molar mass/(g.mol
-1

)   Tb/K        TC/K       PC/bar   VC/(cm
3
.mol

-1
)         ω 

[MOA][Tf2N] 648.85 1190.0 1447.35 10.31 2002.30 1.0096 

[BMIM][Tf2N] 419.37 784.6 1133.41 25.69 956.02 0.3526 

[BMIM][MeSO4] 250.32 595.0 877.42 35.51 663.94 0.3913 

 

 

 

Figure S-1: Kinetic data of sample weight for CO2 solubility in [MOA][Tf2N] at 303.15 K and at 0.05 

MPa  


