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S1. Derivations of equations used on pH, % protonation and ionic strength calculations 
 

S1.1. Monoamines 
 
The derivations and equations for this scenario were previously published.1 The [H3O+], 
% protonation and ionic strength equations obtained were: 

[H3O+]3 + [H3O+]2(KaH + [B]0) - [H3O+](Kw + K*a1KHPCO2) – (KaHKw + KaHK*a1KHPCO2) = 0 
(Eq.1) 

%	𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑡𝑖𝑜𝑛 = 	 ["!#"]
["!#"]%&#$

× 100% (Eq.2) 

𝐼 = 1/21𝑐'

(

')*

𝑧*+		(𝐄𝐪. 𝟑) 

Where KaH corresponds to the dissociation constant for the protonated ionogen (conjugated acid 
of the amine), which can be obtained from published pKaH; K*a1 corresponds to combined 
dissociation constant for dissolved CO2(aq) in the aqueous phase and the H2CO3(aq) formed by 
reaction with water (for this paper, the values were obtained from published data,1 but Cai’s 
equation for CO2 in freshwater can be used to calculate values);2 Kw is the dissociation constant 
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of water in pure water; KH is Henry’s law constant for CO2 (also obtained from published data)1; 
[B]0 is the initial ionogen concentration in moles of ionogen added per litre of water; PCO2 is the 
CO2 pressure added; c is the concentration for individual ionic species, and z is the charge of each 
ionic species. 

KaH = [B]aq[H3O+]aq / [BH+]aq (Eq.4) 
K*a1 = [H3O+]aq[HCO3-]aq/([H2CO3]+[CO2(aq)]) (Eq.5) 

Kw = [H3O+][OH-] (Eq.6) 
KH = ([H2CO3]+[CO2(aq)])/PCO2 (Eq.7) 

 

It should be noted that the values utilised for each constant were interpolated from the literature 
data for the specific temperature in which the separations were carried out (i.e. pKaH values) and/or 
were obtained for pure solutions containing just the species to which the constant refers to. The 
[H3O+] and % protonation were obtained exclusively from calculations and are therefore 
considered to be only approximations.  

 S1.2. Diamines 
 

[H3O+]4 + [H3O+]3(2[B]0 + KaH2) + [H3O+]2(KaHKaH2 + [B]0KaH2 – Kw – K*a1KHPCO2) 
– [H3O+](KwKaH2 + K*a1KHPCO2KaH2) – (K*a1KHPCO2KaHKaH2 + KwKaHKaH2) = 0 (Eq.8) 

%	protonation	𝐵𝐻% 	= 	
C[𝐵𝐻%] + [𝐵𝐻++%] − [𝐵],-H

[𝐵].
× 100	(𝐄𝐪. 𝟗) 

%	protonation	𝐵𝐻++% 	= 	
[𝐵𝐻++%]
[𝐵].

× 100	(𝐄𝐪. 𝟏𝟎) 

Where [B]aq is the concentration of unprotonated ionogen species dissolved in the aqueous 
solution. 

Derivation for Eq.8 

Kw = [H3O+][OH-] (Eq.11) 
K*a1 = [H3O+]aq [HCO3-]aq/([H2CO3]+[CO2(aq)]) (Eq.12) 
KH = ([H2CO3]+[CO2(aq)])/ PCO2 (Eq.13) 
[HCO3-] = K*a1KHPCO2/[H3O+] (Eq.14) 

KaH = [B]aq[H3O+]/[BH+] (Eq.15) 
[B]aq = KaH[BH+]/[H3O+] (Eq.16) 
KaH2 = [BH+][H3O+]/[BH22+] (Eq.17) 
[BH22+] = [BH+][H3O+]/KaH2 (Eq.18) 
 
Charge balance: [HCO3-] + [OH-] = [H3O+] + [BH+] + 2[BH22+] (Eq.19) 
Mass balance: [B]0 = [B]aq + [BH+] + [BH22+] (Eq.20) 
 
Applying equations 16 and 18 to equation 20. 
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[B]0 = KaH[BH+]/[H3O+] + [BH+] + [BH+][H3O+]/KaH2 (Eq.21) 
 
Multiply both sides by [H3O+] 
[B]0[H3O+] = KaH[BH+] + [BH+][H3O+] + [BH+][H3O+]2/KaH2 (Eq.22) 
Multiply both sides by KaH2 
[B]0[H3O+]KaH2 = KaHKaH2[BH+] + [BH+][H3O+]KaH2 + [BH+][H3O+]2 (Eq.23) 
Isolate for [BH+] 

[𝐵𝐻%] =
[𝐵].[𝐻/𝑂%]𝐾,"+

𝐾,"𝐾,"+ + 𝐾,"+[𝐻/𝑂%] + [𝐻/𝑂%]+
	(𝐄𝐪. 𝟐𝟒) 

 
To simplify, consider A =	𝐾,"𝐾,"+ + 𝐾,"+[𝐻/𝑂%] + [𝐻/𝑂%]+  
 
Applying equations 11, 14, 18, 19 and 24 to equation 19 

K*a1KHPCO2/[H3O+] + KW/[H3O+] = [H3O+]+ [B]0[H3O+]KaH2/A + 2[BH+][H3O+]/KaH2 (Eq.25) 
 

Applying equation 24 to equation 25 

K*a1KHPCO2/[H3O+] + KW/[H3O+] = [H3O+] + [B]0[H3O+]KaH2/A + 2[B]0[H3O+]2/A (Eq.26) 
Multiply both sides by [H3O+] 
K*a1KHPCO2 + KW = [H3O+]2 + [B]0[H3O+]2KaH2/A + 2[B]0[H3O+]3/A (Eq.27) 
Multiply both sides by A 
K*a1KHPCO2A + KWA = [H3O+]2A + [B]0[H3O+]2KaH2 + 2[B]0[H3O+]3 (Eq.28) 
 
Replacing A on equation 28. 

K*a1KHPCO2KaHKaH2 + K*a1KHPCO2KaH2[H3O+] + K*a1KHPCO2[H3O+]2 + KWKaHKaH2 + 
KWKaH2[H3O+] + KW[H3O+]2 = [H3O+]2KaHKaH2 + [H3O+]3KaH2 + [H3O+]4 + [B]0[H3O+]2KaH2 + 
2[B]0[H3O+]3 (Eq.29) 
 
Rearranging equation 29, we obtain Eq.8 

[H3O+]4 + [H3O+]3(2[B]0 + KaH2) + [H3O+]2(KaHKaH2 + [B]0KaH2 – Kw – K*a1KHPCO2) 
– [H3O+](KwKaH2 + K*a1KHPCO2KaH2) – (K*a1KHPCO2KaHKaH2 + KwKaHKaH2) = 0 

 

 S1.3. Polyamines (3 plus protonatable sites) 
 
For polyamines, BH+, BH22+ and BH33+ need to be considered. We did not account for BH44+ 
species because their pKaH4 is too low to allow for protonations even at the pressures in which the 
experiments were carried out. As a result, the following [H3O+] and % protonation equations are 
applied. 

[H3O+]5 + [H3O+]4(KaH3 + 2[B]0) + [H3O+]3(KaH2KaH3 + 2[B]0KaH3 - KW – K*a1KHPCO2) + 
[H3O+]2(KaHKaH2KaH3 + [B]0KaH2KaH3 – KwKaH3 – K*a1KHPCO2KaH3) 



4 
 

– [H3O+](KwKaH2KaH3 + K*a1KHPCO2KaH2KaH3) 
 – (K*a1KHPCO2KaHKaH2KaH3 + KWKaHKaH2KaH3) = 0 (Eq.30) 

%	protonation	𝐵𝐻% 	= 	
C[𝐵𝐻%] + [𝐵𝐻++%] + [𝐵𝐻//%] − [𝐵],-H

[𝐵].
× 100	(𝐄𝐪. 𝟑𝟏) 

%	protonation	𝐵𝐻++% 	= 	
([𝐵𝐻++%] + [𝐵𝐻//%])

[𝐵].
× 100	(𝐄𝐪. 𝟑𝟐) 

%	protonation	𝐵𝐻//% 	= 	
[𝐵𝐻//%]
[𝐵].

× 100	(𝐄𝐪. 𝟑𝟑) 

Where [B]aq is the concentration of unprotonated ionogen species dissolved in the aqueous 
solution. 

Derivation for Eq.30 

Kw = [H3O+][OH-] (Eq.34) 
K*a1 = [H3O+]aq [HCO3-]aq/([H2CO3]+[CO2(aq)]) (Eq.35) 
KH = ([H2CO3]+[CO2(aq)])/ PCO2 (Eq.36) 
[HCO3-] = K*a1KHPCO2/[H3O+] (Eq.37) 

KaH = [B]aq[H3O+]/[BH+] (Eq.38) 
[B]aq = KaH[BH+]/[H3O+] (Eq.39) 
KaH2 = [BH+][H3O+]/[BH22+] (Eq.40) 
[BH22+] = [BH+][H3O+]/KaH2 (Eq.41) 
KaH3 = [BH22+][H3O+]/[BH33+] (Eq.42) 
[BH33+] = [BH22+][H3O+]/KaH3 (Eq.43) 
[BH33+] = [BH+][H3O+]2/KaH2KaH3 (Eq.44) 
 
Charge balance: [HCO3-] + [OH-] = [H3O+] + [BH+] + 2[BH22+] + 3[BH33+] (Eq.45) 
Mass balance: [B]0 = [B] + [BH+] + [BH22+] + [BH33+] (Eq.46) 
 

Applying equations 39, 41 and 44 on equation equation 46 
[B]0 = KaH[BH+]/[H3O+] + [BH+] + [BH+][H3O+]/KaH2 + [BH+][H3O+]2/KaH2KaH3 (Eq. 47) 
Multiply both sides by [H3O+] 
[B]0[H3O+] = KaH[BH+] + [BH+][H3O+] + [BH+][H3O+]2/KaH2 + [BH+][H3O+]3/KaH2KaH3 (Eq. 48) 
Multiply both sides by (KaH2KaH3) 
[B]0[H3O+]KaH2KaH3 = KaHKaH2KaH3[BH+] + [BH+][H3O+]KaH2KaH3 + [BH+][H3O+]2KaH3 
+ [BH+][H3O+]3 (Eq. 49) 
Isolate for [BH+] 

[𝐵𝐻%] =
[𝐵].[𝐻/𝑂%]𝐾,"+𝐾,"/

(𝐾,"𝐾,"+𝐾,"/ + 𝐾,"+𝐾,"/[𝐻/𝑂%] + 𝐾,"/[𝐻/𝑂%]+ + [𝐻/𝑂%]/)
	(𝐄𝐪. 𝟓𝟎) 

 
To simplify, consider A = (𝐾,"𝐾,"+𝐾,"/ + 𝐾,"+𝐾,"/[𝐻/𝑂%] + 𝐾,"/[𝐻/𝑂%]+ + [𝐻/𝑂%]/) 
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Applying equations 34, 37, 41, 44 and 50 to equation 45 

K*a1KHPCO2/[H3O+] + KW/[H3O+] = [H3O+] + [B]0[H3O+]KaH2KaH3/A + 2[BH+][H3O+]/KaH2 + 
3[BH+][H3O+]2/KaH2KaH3 (Eq.51) 
 

Applying equation 50 on equation 51 
K*a1KHPCO2/[H3O+] + KW/[H3O+] = [H3O+] + [B]0[H3O+]KaH2KaH3/A + 2[B]0[H3O+]2KaH3/A + 
3[B]0[H3O+]3/A (Eq.52) 
Multiply both sides by [H3O+] 
K*a1KHPCO2 + KW = [H3O+]2 + [B]0[H3O+]2KaH2KaH3/A + 2[B]0[H3O+]3KaH3/A + 
3[B]0[H3O+]4/A (Eq.53) 
Multiply both sides by A 
K*a1KHPCO2A + KWA = [H3O+]2A + [B]0[H3O+]2KaH2KaH3 + 2[B]0[H3O+]3KaH3  
+ 3[B]0[H3O+]4 (Eq.54) 
 

Replacing A in equation 54 
(K*a1KHPCO2)(KaHKaH2KaH3) + (K*a1KHPCO2)(KaH2KaH3[H3O+]) + (K*a1KHPCO2)(KaH3[H3O+]2) + 
(K*a1KHPCO2)[H3O+]3 + KW(KaHKaH2KaH3) + KW(KaH2KaH3[H3O+]) + KW(KaH3[H3O+]2) + 
KW[H3O+]3 = [H3O+]2(KaHKaH2KaH3) + [H3O+]3KW(KaH2KaH3) + [H3O+]4(KaH3) + [H3O+]5  
+ [B]0[H3O+]2KaH2KaH3 + 2[B]0[H3O+]3KaH3 + 3[B]0[H3O+]4 (Eq.55) 
 

Rearranging equation 55, we obtain Eq.30 
[H3O+]5 + [H3O+]4(KaH3 + 2[B]0) + [H3O+]3(KaH2KaH3 + 2[B]0KaH3 - KW – K*a1KHPCO2) + 
[H3O+]2(KaHKaH2KaH3 + [B]0KaH2KaH3 – KwKaH3 – K*a1KHPCO2KaH3) 
– [H3O+](KwKaH2KaH3 + K*a1KHPCO2KaH2KaH3)  
– (K*a1KHPCO2KaHKaH2KaH3 + KWKaHKaH2KaH3) = 0 
 

S2. Additional data for the evaluation of ionogen efficiency 
 

The data obtained from applying the equations previously presented is displayed in Table S2.1. 
The table also compares the cloud point (CP) for each ionogen and presents the pKaH values utilised 
in the calculations. 
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Table S1. The CP (absolute pressure at 40 ºC) of several tertiary amines for acetone:water (50:50 molar ratio), the 
% protonation and the ionic strength obtained in the presence of CO2. The superscript numbers beside each amine 
acronym correspond to the references from which the values of pKaH were obtained. 

Entry Amine 
Amine 

concentration
/molar 

CP/bar pK
aH

 % protonation Ionic strength/molar 

1 No ionogen n.a. 26.5 ± 0.3 n.a. n.a. n.a. 

2 
TMEDA3 

0.156 ± 0.001 16.3 ± 0.9 
pK

aH1 
= 9.14  

pK
aH2 

= 5.90 
BH+ = 99.9% 

BH22+ = 41.7% 0.29 

3 
TMPDA4 

0.156 ± 0.001 6.7 ± 0.5 
pK

aH1 
= 9.80 

pK
aH2 

= 7.70 
BH+ = 100% 

BH22+ = 93.2% 0.45 

4 
TMBDA5 

0.156 ± 0.001 2.5 ± 0.2 
pK

aH1 
= 10.30 

pK
aH2 

= 8.77 
BH+ = 100% 

BH22+ = 98.3% 0.46 

5 
 
 

PMDETA4 
0.104 ± 0.001 6.3 ± 0.4 

pK
aH1 

= 9.40 
pK

aH2 
= 8.40 

pK
aH3 

= 2.40 

BH+ = 100% 
BH22+ = 98.9% 

BH33+ = 0% 
0.31 
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TMTAD4 
0.104 ± 0.001 3.3 ± 0.4  

pK
aH1 

= 10.00 
pK

aH2 
= 9.00 

pK
aH3 

= 6.40 

BH+ = 100% 
BH22+ = 99.7% 
BH33+ = 32.7% 

0.41 

7 

 
 
 

HMTETA4 
0.078 ± 0.001 7.9 ± 0.8  

pK
aH1

 = 9.20 
pK

aH2 
= 8.20 

pK
aH3 

= 4.80 
pK

aH4 
< 2  

BH+ = 100% 
BH22+ = 99.0% 
BH33+ = 3.7%  

0.24 

8 
TEA1 

0.311 ± 0.002 12.7 ± 0.3  pK
aH1 

= 7.60 BH+ = 95% 0.30 

9 
MDEA6 

0.312 ± 0.001 6.2 ± 0.3  pK
aH1 

= 8.53 BH+ = 98.8% 0.31 

10 
DMEA1 

0.312 ± 0.001 4.9 ± 0.4  pK
aH1 

= 9.20 BH+ = 99.7% 0.31 

11 
EDEA7 

0.313 ± 0.001 5.1 ± 0.3  pK
aH1 

= 8.75 BH+ = 99.1% 0.31 

12  
DEAE8 

0.311 ± 0.001 8.9 ± 0.9  pK
aH1 

= 9.82 BH+ = 100% 0.31 

13  
3DMAP9 

0.312 ± 0.002 3.1 ± 0.3  pKaH1 = 9.48 BH+ = 99.7% 0.31 

14 
 

THEED10 

0.157 ± 0.001 5.7 ± 0.1 pKaH1 = 8.38 
pKaH2 = 4.30 

BH+ = 98.2% 
BH22+ = 0.9% 0.16 

15 

Imidazole11 

0.314 ± 0.002 28.6 ± 0.3  pK
aH1

 = 6.97 BH+ = 91.9% 0.29 
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As mentioned in the paper, all ionogens were submitted to a fixed pressure of 20 bar in a sight 
gauge and samples of the water-rich phase were obtained and analysed on a GC-FID. The amount 
of acetone remaining in the water-rich phase was calculated with the help of a calibration curve. 
The samples were initially prepared with approximately 10 g of acetone and 10 g of water (50:50 
mass ratio). Table S2.2 presents the % protonation, the ionic strength at 20 bar, and acetone mass 
remaining in the water-rich phase. The same equations were applied here to obtain the 
% protonation and the ionic strength.  

Table S2. The amount of acetone remaining on the water-rich phase after phase separation at 20 bar (data obtained 
using the volume of phase and GC-FID composition). Additionally, the % protonation for each site of the ionogens 
and the ionic strength were estimated using mathematical calculations. 

Entry Amine 
Amine 

concentration/
molar 

% protonation Ionic 
strength/molar 

Mass of 
acetone left in 

aqueous 
phase/g 

1 TMEDA 0.351 BH+ = 99.8% 
BH22+ = 29.9% 0.56 5.66 

2 TMPDA 0.352 BH+ = 100% 
BH22+ = 94.8% 1.02 4.51 

3 TMBDA 0.354 BH+ = 100% 
BH22+ = 99.5% 

1.06 3.19 

4 PMDETA 0.234 
BH+ = 100% 

BH22+ = 99.3% 
BH33+ = 0% 

0.70 5.22 

5 TMTAD 0.233 
BH+ = 100% 

BH22+ = 99.9% 
BH33+ = 58.0% 

1.10 3.50 

6 HMTETA 0.176 
BH+ = 100% 

BH22+ = 99.2% 
BH33+ = 4.3% 

0.55 5.68 

7 TEA 0.704 BH+ = 93.8% 0.66 4.22 

8 MDEA 0.704 BH+ = 99.2% 0.70 4.34 

9 DMEA 0.704 BH+ = 99.8% 0.70 4.32 

10 EDEA 0.703 BH+ = 99.5% 0.70 4.10 

11 DEAE 0.706 BH+ = 100% 0.71 4.74 

12 3DMAP 0.703 BH+ = 99.9% 0.70 4.08 

13 THEED 0.352 BH+ = 98.8% 
BH22+ = 1.3% 0.36 5.62 
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S3. Additional plots of data obtained for ionogens 
 

Kirkwood-Buff calculations were used in an earlier paper to explain why SW works.12 According 
to this theory, the solubility of the solute, in this case, acetone in SW, is strongly affected by the 
solute-ionogen intermolecular interaction. When CO2 is absent, the solute-ionogen interaction is 
attractive, raising the solubility of the organic solute. However, when CO2 is present and the 
ionogen becomes cationic, the solute-ionogen interaction becomes repulsive, significantly 
lowering the solute's solubility.  

While Kirkwood Buff calculations helped us understand why SW works, such calculations require 
too many measurements to be used as a general method for predicting the performance of yet-
untested ionogens, so we turned to other, more easily calculated properties. For example, the ionic 
strength can be predicted using equations presented in section S1. A plot of the ionic strength of 
the ionogens versus the CP can be seen in Figure S1. Unfortunately, no clear correlation can be 
observed. 

 
Fig. S1 - Comparison of the CP for the separation of acetone from acetone:water (50:50 mole ratio) solutions utilising 
tertiary diamines (TMBDA, TMPDA, TMEDA and THEED), tertiary polyamines (PMDETA, TMTAD and 
HMTETA), tertiary alkanolamines (TEA, MDEA, DMEA, EDEA, DEAE, 3DMAP and THEED) and imidazole as 
ionogens at 40 °C. The ionic strength (obtained using equations shown in Section S1) of the solutions at CP were used 
to compare the amines.  

 

The pKaH1 and the partition coefficient (log P) obtained using the ALOGPS 2.1 tool13 were also 
compared graphically to the CP value (Figure S2). The amines with a green data point are the most 
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efficient ones, while the red dots represent the amines with the lowest performances in terms of 
CP. No trend is apparent. 

 

Figure S2 – Partitioning coefficient (log P) vs pKaH1 for ionogens tested. The data was arranged based on the CP 
obtained. ● Corresponds to CP below 3 bar, ● corresponds to CP in between 3 and 5 bar; ● corresponds to CP in 
between 5 and 8 bar; ● corresponds to CP in between 8 and 10 bar, and ● corresponds to CP above 10 bar. The CP 
grouping did not take any criteria; it is just being used to facilitate data analysis.     

 

An additional plot is shown comparing the pKaH1 and log P for the ionogens to the amunt of acetone 
left in the aqueous phase after separations at 20 bar (Fig S3). The amount of acetone was obtained 
based on the water-rich phase volume and the GC-FID composition for acetone. The amines with 
a green data point are the most efficient ones, while the red dots represent the amines with the 
lowest performances in terms of acetone left in the water-rich phase after phase separation. 
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Figure S3 – Partitioning coefficient (log P) vs pKaH1 for ionogens tested. The data was arranged based on the amount 
of acetone left on the water-rich phase after phase separations at 20 bar of CO2. ● Corresponds to acetone mass below 
4 g; ● corresponds to acetone mass in between 4 and 4.5 g; ● corresponds to acetone mass in between 4.5 and 5 g, 
and ● corresponds to acetone mass above 5 g. The CP grouping did not take any criteria; it is just being used to 
facilitate data analysis.     

 

Similar to the plot obtained for the CP, no correlation was observed for the amines log P and 
separation efficiency. However, the classification for some of the ionogens changed. Some cases 
worth noting are TEA that had a better performance at high pressures when considering its 
classification for the amount of acetone left compared to the CP. On the other hand, ionogens such 
as 3DMAP and DMAE did not improve with pressure increases. These are unoptimised results, so 
further analysis needs to be performed to see if there are ways to guarantee higher performances 
at higher pressures. 
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S4. Calibration curves obtained using the GC-FID traces and examples of GC-FID data for 
the phases obtained at 50 bar of CO2 and the RO samples 
 

In order to evaluate the composition of the water-rich phase for TMBDA or TMTAD systems after 
separation at 50 bar of CO2, GC-FID traces were collected. For the acetone remaining in the water-
rich phase, the peak area was compared to the calibration curve presented in Figure S4.  

 
Figure S4 – Calibration curve obtained for acetone:water solutions with varying concentration. The samples were 
analysed on a GC-FID, and the data presented is based on multiple replicates. 

 

In order to quantify the amount of TMBDA dissolved in the acetone-rich phase and the amount of 
TMBDA being lost during the RO separation, a calibration curve using acetonitrile as IS was 
prepared (Figure S5). The peak ratio between IS:TMBDA (based on the area under the peaks) was 
used to determine the mass ratio of these two components, and via calculations using the mass of 
solution used to prepare the samples, the mass of TMBDA was determined, both in the sample and 
in the system. 
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Figure S5 – Calibration curve using a fixed mass of acetonitrile as IS and varying mass of TMBDA, dissolved in 
acetone:water solutions.  

 

Similar to TMBDA, a separate curve was obtained for the IS:TMTAD ratio based on GC-FID 
traces. Acetonitrile was also used as IS (Figure S6). 
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Figure S6 – Calibration curve using a fixed mass of acetonitrile as IS and varying mass of TMTAD, dissolved in 
acetone:water solutions. 

The same procedure described previously was used to obtain a calibration curve for 3DMAP 
(Figure S7). 
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Figure S7 – Calibration curve using a fixed mass of acetonitrile as IS and varying mass of 3DMAP, dissolved in 
acetone:water solutions. 

 

Regarding the amine remaining in the acetone-rich phase, the ratio between the internal standard 
(IS) and the amine peak (based on the area under each peak) was used and compared to the 
calibration curve shown in Figure S4.1. A GC-FID trace for the acetone-rich phase is presented in 
Figure S8. This is just an example; the final composition was obtained using the average of 
multiple GC-FID replicates for the same sample.  
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Figure S8 – Example GC-FID trace obtained for a sample of the acetone-rich phase obtained after separation at 50 
bar of CO2 with a mixture containing TMBDA (0.80 molal). The IS peak appears at 3.32 min, the acetone peak appears 
at 3.47 min, and the TMBDA peak appears around 7.02 min.  

Similar to TMBDA, the phase composition for the acetone-rich phase was determined after 
separations using TMTAD, a polyamine that demonstrated great efficiency for phase separation 
were obtained. The GC-FID trace for the acetone-rich phase can be seen in Figure S9. 

Figure S9 – Example GC-FID trace obtained for the acetone-rich phase obtained after separation at 50 bar of CO2 
with a mixture containing TMTAD (0.53 molal). The IS peak appears at 3.17 min, the acetone peak appears at 
3.31 min, and the TMTAD appears at 8.67 min.  

The phase composition was also obtained after separations using 3DMAP, an alkanolamine 
system. Figure S10 presents an example of the GC-FID trace obtained for the acetone-rich phase. 
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Figure S10 - Example GC-FID trace obtained for the acetone-rich phase obtained after separation at 50 bar of CO2 
with a mixture containing 3DMAP (1.60 molal). The IS peak appears at 3.16 min, the acetone peak appears at 
3.34 min, and the 3DMAP appears at 6.18 min. 

Size exclusion reverse osmosis (RO) was used as way to recover the ionogens from solution 
simulating the water-rich phase obtained after separation with CO2 at 20 bar. GC-FID was used to 
analyse the solution being added to the RO cell (70 bar of N2 was used in the separations), the 
retentate and the solution being expelled from the cell. The IS:ionogen ratio was used as an 
indication of the quality of the separations for three ionogens, TMBDA, TMTAD and 3DMAP. 
Figure S11 presents an example of a GC-FID traced obtained for the mixture expelled from the 
RO cell for the TMBDA system. 

 

 



17 
 

 
Figure S11 – Example GC-FID traces obtained for the solution being expelled from the RO cell for the TMBDA 
system. The IS peak appears at 3.17 min, the acetone peak appears at 3.33 min, and the TMBDA peak appears at 
6.95 min.  

A solution simulating the water-rich phase for the TMTAD system was also prepared and 
submitted to RO. One of the GC-FID traces obtained for the mixture being expelled from the RO 
cell can be seen in Figure S12. 

Figure S12 – Example GC-FID traces obtained for the solution being expelled from the RO cell for the TMTAD 
system. The IS peak appears at 3.11 min, the acetone peak appears at 3.29 min, and the TMTAD peak appears at 
8.67 min.  
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Attempts to recover 3DMAP were also made with size exclusion RO. Figure S13 presents an 
example of a GC-FID trace obtained for the solution coming out of the RO cell. 

 

 
Figure S13 – Example GC-FID traces obtained for the solution being expelled from the RO cell for the 3DMAP 
system. The IS peak appears at 3.18 min, the acetone peak appears at 3.34 min, and the 3DMAP peak appears at 
6.17 min. 
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S5. Calibration curves obtained using 1H NMR spectroscopy and spectra obtained for the 
acetone-rich phase for TMBDA, TMTAD or 3DMAP after phase separation 
 

A calibration curve was obtained to determine the water:acetone ratio in the acetone-rich phase 
after phase separation at 50 bar of CO2 (Figure S5.1). Samples with a fixed mass of acetone and 
varying mass of water were prepared. A known amount was dissolved in d6-DMSO and analysed 
using a 300 MHz NMR spectrometer (Bruker) using 1H NMR spectra. The singlet for the -CH3 
protons in the acetone was fixed as 1, and the singlet for H2O was integrated relative to that value. 
The integration for H2O and the water:acetone mass ratio was used to prepare the calibration curve 
shown in Figure S14.   

 
Figure S14 – Calibration curve obtained for solutions of water:acetone with varying ratios. The singlet for the H2O 
peak was used to compare with the water:acetone ratio in each sample. The samples were dissolved in d6-DMSO, and 
1H NMR was used. This calibration curve was used to determine the water:acetone ratio in samples obtained for the 
acetone-rich phase after separations at 50 bar.  

Figure S15 presents the 1H NMR spectra obtained for the different acetone:water solutions. The 
integration for the H2O singlet is presented, and the integration for the -CH3 singlet for acetone 
was fixed at 1. 
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Figure S15 – 1H NMR spectra obtained for the solutions used to obtain a calibration curve to determine the 
water:acetone ratio in samples containing low amounts of H2O. 

The 1H NMR spectrum obtained for a sample of the acetone-rich phase collected after separation 
at 50 bar of CO2 using TMBDA as the ionogen is presented in Figure S16. 

 
Figure S16 – 1H NMR spectrum obtained for the acetone-rich phase after separation at 50 bar of CO2 using TMBDA. 
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The 1H NMR spectrum obtained for a sample of the acetone-rich phase collected after separation 
at 50 bar of CO2 using TMTAD as the ionogen is presented in Figure S17. 

 
Figure S17 – 1H NMR spectrum obtained for the acetone-rich phase after separation at 50 bar of CO2 using TMTAD. 
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The 1H NMR spectrum obtained for a sample of the acetone-rich phase collected after separation 
at 50 bar of CO2 using 3DMAPs as the ionogen is presented in Figure S18. 

 
Figure S18 – 1H NMR spectrum obtained for the acetone-rich phase after separation at 50 bar of CO2 using 3DMAP. 
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