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In this Supporting Information, we show the derivation for the expression to compute

the saturated vapor pressure of a pure component simulated using Continuous Fractional

Component Monte Carlo simulations (CFCMC). Also, we provide force field parameters

of all molecules simulated in this work. We describe how expanded uncertainties of the

experimental data are computed. Tabulated experimental data of the solubilities of CO2,

CH4, H2S, and N2 in monoethylene glycol (MEG) are provided as well as tables of the

solubilities of CO2, CH4, H2S, and N2 in MEG from MC simulations.
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Force field parameters

Force field for MEG

The TraPPE force field1 was used to model MEG. In this force field, bonded angle-bending

interactions are described using a harmonic potential:

ubend(θ) =
Kθ

2
(θ − θeq)2 (S.1)

where Kθ is the bond bending constant, θ is the angle between two bonds and θeq is the

equilibrium angle. For dihedrals, torsion interaction potential of the type TraPPE is used:2

utorsion(φ) = co + c1[1 + cosφ] + c2[1− cos 2φ] + c3[1 + cos 3φ] (S.2)

where φ is the torsion angle. Parameters for non-bonded interactions are provided in Ta-

ble S1. For unlike interactions, the Lorentz-Berthelot combining rules are used.3,4 An extra

repulsive LJ term is computed for interactions between a hydroxyl hydrogen and an oxygen

atom separated by four bonds:1

urepulsive(rij) =
aalcohol
r12ij

(S.3)

where aalcohol/kB equals to 7.5x107 K Å
12

for MEG. Bonds lengths, bending interactions, and

dihedrals are provided in Table S1.
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Table S1: Force field parameters for MEG taken from the TraPPE force field.1 Bond-bending
angles are represented by a harmonic potential. A TraPPE torsion potential is used for
dihedrals.2

Non-bonded interactions
CH2 O H

εii/kB/[K] 46 93 0
σii/[Å] 3.95 3.02 0.00
qi/[e] 0.265 −0.700 0.435

Bond lengths
Bond rij/[Å]

CH2–CH2 1.54
CH2–OH 1.43

O–H 0.945
Bond-bending Angles (Eq. (S.1))

Angle θ Kθ/kB/[K/rad2]
CH2–CH2–OH 109.47° 50400

CH2–O–H 108.5° 55400
Dihedrals (Eq. (S.2))

Torsion c0/kB /[K] c1/kB /[K] c2/kB /[K] c3/kB /[K]
CH2–CH2–O–H 0 209.82 −29.17 187.93
O–CH2–CH2–O 503.24 0 −251.62 1006.47
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Force field for gases

Table S2: Force field parameters for CH4 used in this work taken from the TraPPE.2 For
unlike interactions, the Lorentz-Berthelot combining rules are used.3,4

Parameter CH4

εii/kB /[K] 148
σii/[Å] 3.73
qi/[e] 0.00
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Table S3: Force field parameters for N2 used in this work taken from the TraPPE.5 The force
field includes a pseudo atom M, placed in between the two nitrogen atom. Bonds between
atoms are rigid. For unlike interactions, the Lorentz-Berthelot combining rules are used.3,4

Non-bonded interactions
N M

εii/kB /[K] 36 0.00
σii/[Å] 3.310 0.00
qi/[e] −0.482 0.964

Bond lengths
Bond rij/[Å]
N–N 1.10
N–M 0.55
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Table S4: Force field parameters for CO2 used in this work taken from the TraPPE.5 All
bonds are rigid. For unlike interactions, the Lorentz-Berthelot combining rules are used.3,4

Non-bonded interactions
C O

εii/kB /[K] 27.00 79.00
σii/[Å] 2.80 3.05
qi/[e] 0.70 −0.35

Bond lengths
Bond rij/[Å]
C–O 1.16
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Table S5: Force field parameters for H2S used in this work taken from the TraPPE.6 The
force field includes a pseudo atom M that that is separated from the S atom by rS−M and
placed toward the H atoms along the H–S–H angle bisector. All bonds are rigid. For unlike
interactions, the Lorentz-Berthelot combining rules are used.3,4

Non-bonded interactions
S H M

εii/kB /[K] 122 50 0.00
σii/[Å] 3.6 2.5 0.00
qi/[e] 0.00 0.00 −0.42

Bond lengths
Bond rij/[Å]
S–H 1.34
S–M 0.3
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Table S6: Force field parameters for the force field H2S-KL.7 The force field includes a pseudo
atom M that is separated from the S atom by rS−M and placed toward the H atoms along the
H–S–H angle bisector. All bonds are rigid. For unlike interactions, the Lorentz-Berthelot
combining rules are used.3,4

Non-bonded interactions
S H M

εii/kB /[K] 250 0 0
σii/[Å] 3.73 0.00 0.00
qi/[e] 0.40 0.25 −0.9

Bond lengths
Bond rij/[Å]
S–H 1.34
S–M 0.1862
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Computing saturated vapor pressure of pure compo-

nents from CFCMC simulations

In CFCMC, the excess chemical potential of a component is directly obtained, from which the

saturated vapor pressure P sat of that component can be estimated. The chemical potential

of the liquid phase of component i equals:

µL = µo + kBT ln
ρL

ρo
+ µex (S.4)

where ρL is the number density and µo is the ideal gas chemical potential. Assuming an

ideal gas phase, the chemical potential of the saturated vapor equals:

µV = µo + kBT ln
ρV

ρo
(S.5)

At equilibrium, the liquid and vapor chemical potentials are equal, which results in the

following expression,

kBT ln
ρV

ρL
= µex (S.6)

By assuming an ideal gas phase, the density in the vapor phase can written in terms of the

density and excess chemical potential of the liquid,

P sat = kBTρ
L exp

[
µex

kBT

]
(S.7)
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Calculation of Expanded Uncertainties in the Absorp-

tion Experiments

The calculation of expanded uncertainties with a 0.95 level of confidence has been performed

following the same procedure employed by Skylogianni et al.8 Skylogianni et al.8 have obeyed

the NIST Requirements for Data Tables, according to which U(α) = 2.u(α). In this equation,

U(α) is the expanded uncertainty of loadings with 0.95 level of confidence, and u(α) accounts

both for the inherent inaccuracies of loading measurements and for the deviations originating

from the repeatability of practical experiments. Therefore, we have:

U(α) = 2.u(α) (S.8)

u2(α) = u2inh(α) + u2rep(α) (S.9)

The inherent uncertainties of loadings can be calculated by the procedure adopted by Wan-

derley et al.9,10 and by Skylogianni et al.11 For this procedure, one needs to know the

confidence intervals of pressure and temperature measurements, as well as the uncertainties

of the volumes of each equipment used in the experiment. In our case, pressures are obtained

with a confidence of σ(p) = ±0.015 bar and temperatures are obtained with σ(T ) = ±0.01

K. The reactor has a volume of 2000 ± 10 cm3, while the CO2 cylinders have an added

volume of 4552 ± 5 cm3, so that σ(Vr) = ±10−5 m3 and σ(Vc) = ±5x10−6 m3. Finally, the

uncertainty of mass measurements is given by the accuracy of the scale, σ(m) = ±10−5 kg.

The volume of the vapor phase of the reactor is given by subtracting the volume of liquid in

the reactor from its total volume. Therefore, one needs to know how much liquid is inside

the reactor and its density. If one assumes that the density of the liquid is given with great

accuracy when compared to the inaccuracies of all other measurements, the expression below

(Eq. S12) can be used to evaluate the uncertainty of the volume of vapor in the reactor.

Notice that, since the mass of ethylene glycol fed to the reactor is evaluated through two
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mass measurements (weighting of the ethylene glycol bottle before and after feeding):

σ(mL) = 2.σ2(m) (S.10)

Vr,V = Vr − Vr,L = Vr −
mL

ρL
(S.11)

σ2(Vr, v) = σ2(Vr) + 2.
σ2(m)

ρ2L
(S.12)

The number of moles of CO2 added to the reactor during each injection is given by subtrac-

tion of the evaluated number of moles of CO2 in the cylinder before and after injection. Part

of this CO2 will go to the liquid phase and part will remain in the vapor phase. This can

be calculated by the expression below, where nc,i and nc,f are the initial and final number of

moles in the cylinder respectively and nr,i and nr,f are the initial and final number of moles

in the vapor phase of the reactor respectively:

∆n = (nc,i − nc,f)− (nr,i − nr,f) (S.13)

Following the ideal gas law approach, the inherent uncertainty of the loading σ(∆n) can be

evaluated by:

σ2(∆n) =

[
σ2(p)

p2c,i
+
σ2(T )

T 2
c,i

+
σ2(Vc)

V 2
c

]
.n2

c,i +

[
σ2(p)

p2c,f
+
σ2(T )

T 2
c,f

+
σ2(Vc)

V 2
c

]
.n2

c,f+[
σ(p)

p2r,i
+
σ(T )

T 2
r,i

+
σ2(Vr,V)

V 2
r,V

]
.n2

r,i +

[
σ(p)

p2r,f
+
σ(T )

T 2
r,f

+
σ2(Vr,V)

V 2
r,V

]
.n2

r,f

(S.14)

The number of mols of ethylene glycol in the reactor is given by the ratio between its mass

and its molar mass in kg/mol. Therefore, the inherent uncertainty of the mass of ethylene
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glycol in the reactor is given by the expression below:

nL =
mL

ML

(S.15)

σ2(nL) = 2.
σ2(m)

M2
L

(S.16)

The loading obtained with one single injection can be therefore calculated by:

∆α =
∆n

nL

(S.17)

σ2(∆α)

∆α2
=
σ2(∆n)

∆n2
+
σ2(nL)

n2
L

(S.18)

Finally, since the total loading is given by the addition of the loadings obtained after each

injection, error propagation entails the expression below. This is how we have evaluated and

reported the inherent uncertainties of all CO2 loadings,

α =
∑

∆α (S.19)

σ2(α) =
∑

σ2(∆α) (S.20)

u2inh =
σ2(α)

α2
(S.21)

In general, this calculation procedure has resulted uinh ≈ 0.02 for our experiments, mean-

ing that our experiments result in loadings with inherent inaccuracies of around 2%. How-

ever, one must realize that these are inherent inaccuracies, i.e. merely a lower boundary

estimate of the uncertainties of this procedure. For a proper evaluation of the expanded

uncertainty of loadings with a 0.95 level of confidence, one needs repeatability data. The

repeatability of our experiments has been evaluated with distinct sets of data obtained in

Wanderley et al.10 for CO2 solubility in a nonaqueous solvent, N–methyl–2–pyrrolidone +

diisopropylamine 10 %wt., at 40 °C . This data, which is presented in Figure S1, has been
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produced in the same apparatus as the one employed in the current study, as well as in the

same months of the same year.

Figure S1: Data obtained by Wanderley et al.10 used for estimating the repeatability of the
experimental procedure for CO2 solubility in a nonaqueous solvent, N–methyl–2–pyrrolidone
+ diisopropylamine 10 %wt., at 40 °C.

Since the aforementioned nonaqueous solvent absorbs CO2 without a chemical reaction,

there appears to be a linear relationship between CO2 loading and CO2 partial pressure in

the solubility measurements shown by Wanderley et al.10 This fact has been used to perform

a linear regression over the sets of data produced by the authors, and to thus estimate the

repeatability of the experimental setup as being the same as the AARD calculated over

these datasets. This is shown in the expression below. The AARD obtained from this

mathematical methodology is AARD = 0.043, meaning that the repeatability of the CO2

S13



solubility procedure is around 4.3%:

urep(α) =
1

Nexp

.
∑∣∣∣∣αexp − αcorr

αexp

∣∣∣∣ (S.22)

Finally, using the methodology employed by Skylogianni et al.,8 the expanded uncertainties

with a 0.95 level of confidence can be evaluated. Table S7 shows an example of this calculation

for the CO2 solubilities measured at 333.15 K in pure ethylene glycol. One can see that the

expanded uncertainties vary between 9% and 11%, being higher at smaller loadings. In fact,

roughly the same values can be observed at T = 353.15 K and T = 373.15 K, as shown in

Table S8 and Table S9. In general, therefore, we can safely report that the CO2 solubility

data obtained in this study has expanded uncertainties with a 0.95 level of confidence of

approximately U(α) = 0.1.
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Experimental Data

Table S7: Experimental absorption of CO2 in pure MEG at T = 333.15 K reported in this
work.

P /[bar] Loading /[mol CO2/mol EG] uinh(α) u(α) U(α)
0.73± 0.02 0.0012 0.029 0.052 0.104
1.36± 0.02 0.0021 0.020 0.047 0.095
2.03± 0.02 0.0033 0.017 0.046 0.092
2.69± 0.02 0.0043 0.016 0.046 0.092
3.35± 0.02 0.0052 0.016 0.046 0.092
4.00± 0.02 0.0062 0.016 0.046 0.092
4.66± 0.02 0.0073 0.016 0.046 0.091
5.31± 0.02 0.0084 0.016 0.046 0.091

Table S8: Experimental absorption of CO2 in pure MEG at T = 353.15 K reported in this
work.

P /[bar] Loading /[mol CO2/mol EG] uinh(α) u(α) U(α)
0.74± 0.02 0.0010 0.034 0.055 0.109
1.45± 0.02 0.0020 0.021 0.048 0.095
2.19± 0.02 0.0030 0.018 0.046 0.093
2.93± 0.02 0.0040 0.018 0.046 0.093
3.67± 0.02 0.0050 0.017 0.046 0.093
4.39± 0.02 0.0059 0.017 0.046 0.093
5.11± 0.02 0.0069 0.017 0.046 0.093
5.83± 0.02 0.0079 0.017 0.046 0.093
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Table S9: Experimental absorption of CO2 in pure MEG at T = 373.15 K reported in this
work.

P /[bar] Loading /[mol CO2/mol EG] uinh(α) u(α) U(α)
0.71± 0.02 0.0009 0.036 0.056 0.112
1.50± 0.02 0.0018 0.023 0.049 0.098
2.29± 0.02 0.0026 0.021 0.048 0.095
3.07± 0.02 0.0036 0.019 0.047 0.094
3.84± 0.02 0.0046 0.019 0.047 0.094
4.62± 0.02 0.0055 0.019 0.047 0.094
5.39± 0.02 0.0065 0.019 0.047 0.094

Table S10: Experimental absorption of CO2 in pure MEG at T = 373 K reported in Ref.12

P /[bar] Mole fraction of CH4

0.76 0.00072
1.29 0.00127
8.02 0.00748
39.5 0.03803
75.1 0.06667

Table S11: Experimental absorption of CH4 in pure MEG at T = 373.15 K reported in
Ref.13

P /[bar] Mole fraction of CH4

17.944 0.0031
38.764 0.0066
59.170 0.0104
81.992 0.0143
112.164 0.0196
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Table S12: Experimental absorption of N2 in pure MEG at T = 373.15 K reported in Ref.12

P /[bar] Mole fraction of N2

16.00 0.0005
49.60 0.0022
98.00 0.0040
152.30 0.0059
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Table S13: Experimental absorption of H2S in pure MEG at T = 373.15 K reported in Ref.14

P /[bar] Mole fraction of H2S
0.0364 0.000152
0.0961 0.00044
0.144 0.000664
1.19 0.005188
5.36 0.02338
12.8 0.05760
28.2 0.133
67.5 0.4650
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Simulation results

Table S14: Solubility of CO2 in pure MEG at T = 333.15 K computed from MC simulations
reported in this work.

P /[bar] Loading /[mol CO2/mol EG]
0.73 0.00166± 0.00008
1.36 0.0031± 0.0002
2.03 0.0046± 0.0002
2.69 0.0063± 0.0002
3.35 0.0077± 0.0003
4.00 0.0087± 0.0004
4.66 0.0107± 0.0004
5.31 0.0119± 0.0003

8 0.0183± 0.0006
10 0.0236± 0.0009
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Table S15: Solubility of CO2 in pure MEG at T = 353.15 K computed from MC simulations
reported in this work.

P /[bar] Loading /[mol CO2/mol EG]
0.74 0.00126± 0.00008
1.45 0.00253± 0.00007
2.19 0.0038± 0.0002
2.93 0.0050± 0.0001
3.67 0.0063± 0.0002
4.39 0.0077± 0.0003
5.11 0.0089± 0.0003
5.83 0.0100± 0.0002

8 0.0134± 0.0006
10 0.0174± 0.0006
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Table S16: Solubility of CO2 in pure MEG at T = 373.15 K computed from MC simulations
reported in this work.

P /[bar] Loading /[mol CO2/mol EG]
0.71 0.00097± 0.00002
1.50 0.00207± 0.00007
2.29 0.0032± 0.0001
3.07 0.0044± 0.0001
3.84 0.0053± 0.0001
4.62 0.0065± 0.0002
5.39 0.0075± 0.0002

8 0.0114± 0.0003
10 0.0138± 0.0003
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Table S17: Solubility of CH4 in pure MEG at T = 373.15 K computed from MC simulations
reported in this work.

P /[bar] Mole fraction of CH4

1 0.00022± 0.00001
2 0.00045± 0.00002
4 0.00089± 0.00003
6 0.0013± 0.0001
8 0.00182± 0.00007
10 0.00222± 0.00005

17.9 0.0039± 0.0001
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Table S18: Solubility of H2S in pure MEG at T = 373.15 K computed using MC simulations
reported in this work.

P /[bar] Mole fraction of H2S (H2S-TraPPE) Mole fraction of H2S (H2S-K)
1 0.0033± 0.0001 0.0058± 0.0002
2 0.0066± 0.0002 0.0114± 0.0002
4 0.0134± 0.0003 0.0229± 0.0004
6 0.0199± 0.0005 0.0341± 0.0008
8 0.0267± 0.0007 0.0470± 0.0008
10 0.0334± 0.0005 0.0589± 0.0006
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Table S19: Solubility of N2 in pure MEG at T = 373.15 K computed using MC simulations
reported in this work.

P /[bar] Mole fraction of N2

10 0.00093± 0.00002
16 0.00146± 0.00006
50 0.0045± 0.0001
100 0.0084± 0.0002
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Comparison with experimental data from literature

In this section, a comparison between solubilities of CO2 measured in this work, from MC

simulations, and from other experimental works10,15,16 is carried out. In Figure S2, shows

the loadings of CO2 at T = 333 K as well as at two different temperatures (T = 323 K, and

T = 343 K) from a study by Wise et al.15 Figure S2 shows that the experimental loadings of

CO2 in MEG at 333 K of this work are higher than experimental loadings reported by Serpa

et al.,16 and Wise et al.15 The differences between our experimental measurements and that

of Serpa et al.,16 and Wise et al.15 are larger as the pressure increases. Also, Figure S2

shows that solubilities from MC simulations are higher when compared to experimental

measurements from Serpa et al.,16 and Wise et al.15
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Figure S2: Absorption isotherm of CO2 in MEG. Closed symbols are solubilities using MC
simulations and open symbols are experimental results of this work, from Skylogianni et
al.,10 Serpa et al.,16 and Wise et al.15
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