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1. Derivations of equations in Scenario 1

1.1 Derivation of equation 9 (pH of amine/water mix)

Koo = [B]aq[H30+]aq
aH = "
[BH*]aq

For the rest of the derivations in water, the subscript “aq” will be dropped for simplicity.

Kw = [Hs0"] [OH]

charge balance in water: [BH™] + [H30"] = [OH]
[BH] = [OHT - [H50"]
[BH'] = Kw/[H30"] - [HsO"]

initial conc of base = [B], = [B] + [BH]

[Blo = Kan[BHJ[Hs0"] + [BH']

[Blo = Kan(Kw/[H30"] - [HsO™])/[Hs0"] + Kw/[H50™] - [Hs0]

[Blo = KanKu/[HsO']” - Kan + Ku/[Hs0] - [HsO"]

[BlolHsO"J* = KKy - Kan[HsO'T* + Ku[H30"] - [HsO'T°

0 = [H30°T’ + [Blo[HsO"T* + Kan[HsOT” - Ky [H30"] - KarK,y

0 = [H30'T’ + [HsO"T(Kan + [Blo) - Ku[Hs0"] - KarKu

1.2 Derivation of equation 10 (%protonation of amine /water mix)

k... - [BlHs0]
aH = [BH+]
initial conc of base = [B], = [B] + [BH]
fraction protonated = [BH']/[B]o
fraction protonated = [BH™)/([B] + [BH"])
fraction protonated = [B][H3O"]/Kan([B] + [B][H3O1/Kan)



fraction protonated = [HzO*[/Kan(1 + [H3O1/Kap)
fraction protonated = [H3O"]/(Kay + [H30™])
% protonation = [HzO*/(Kan + [HsO™]) x 100%

1.3 Calculation of pKin required at very low [B]o

In the special case of very low [B], in the absence of CO,, [Hz0"] = 1 x 107 M
Therefore for 5% protonation:

0.05=1x107/(Kay + 1 x 107)

0.05Kan +5x10° = 1x 107

0.05Ka4 = 0.95 x 107

Kan = 0.95 x 107/0.05

pKaH =57

In the special case of very low [B], under 1 bar of CO,, the pH is the same as that of pure water
under 1 bar of CO,. That can be calculated as follows:

Kw= [HsO"][OH’]

K*a1= [HSO+]aq [HCOS-]aq /([HZCO3]+[COZ(aq)])
Kn = ([H2CO3]+[COxz(aq)]) / Pcoz

Charge balance: [H30"] = [OH] + [HCO3]

K*a1= ([HsO'I[HCOs1)/(KnPco2)
K*a1KiPcoz = [HsO'][HCO3]

[HCO37 = K*21KnPco2/[H30]

[H30"] = Ku/[H30"] + K*31KnPco2/[Hs07]
[HsO' = Ky + K*21KnPcoz

[H30"] = (K + K*a1KiPco2)*®

at 25 °C and 0.1 MPa of CO,
[Hs0'] = (1x107"* M® + 4.365x10”" M+0.342 M/MPa-0.1 MPa)"®
=1.2218 x 10" M (pH = 3.9)

Therefore for 95% protonation, using equation 10:
[H30%]
[H30*] + Kan
0.95=1.2218 x 107/(Kay + 1.2218 x 10
0.95Kq + 1.1607 x 107 = 1.2218 x 10

0.95Kq = 6.109 x 10°
Kan = 6.109 x 10°/0.95 = 6.43 x 10
pKaH =52

% protonation = x 100%

1.4 Derivation of equation 11 (pH of amine/water mix under CO3)

Kw= [HsO"][OH]]
K*a1= [HSO+]aq [HCOS-]aq /([HZCO3]+[COZ(aq)])

Kan = [B][H;O"/[BH']

Kn = ([H2CO3]+[COxaq)) / Pcoz



Charge balance: [H3O"] + [BH"] = [OH] + [HCO3]]
Mass balance: [B], = [B] + [BH']

K*ar = ([H3O'I[HCO31)/(KnPco2)
K*a1KnPco2 = [H;0"[HCO;3]
[HCO37] = K*a1KnPco2/[H30]

[Bl= Kan [BH'J[H50"]

[Blo = [BH'] +Kan[BH'/[Hs0"]

[Blo = [BH'](1 +Ka/[H:0])

[Blo = [BH']([H30"/[H30"] + Kan/[H30])
[Blo = [BH'I([H30"] + Kar)/[Hs0"]
[BH']= [H30"I[Blo/([H30 Jaq+ Kan)

[HsO*]+ [BH*] = [OH] + [HCO3]

[H30™] + [H3O™I[Blo/([H30"] + Kan) = Ku/[H30"] + K*a1KnPco2/[H30"]

multiply both sides by ([H30+] + Kan)

[H3O"1([H3O 1+ Kan) + [H3O™[Blo = ([H3O0] + Kar)Kuw/[H3O™] + ([H30™] + Kan)K*a1KnPoo2/[H30]
[H3O™T? + [HaO"IKar + [HsO I[Blo = Ku + KarKuw/[H30"] + K*a1KiPco2 + KarK*a1KiPcoz/[H30']
[HsO" + [HsO"(Kan + [Blo) = Ku + K*a1KiPcoz + KaKu/[HsO'] + KanK*a1KnPcoa/[H30"]
multiply both sides by [H30+]

[HsO™] + [HeO TP (Kan + [Blo) = (Kw + K*a1KnPco2)[HaO'T + KoK + KanK*a1KiP oo

[HsO"] + [HeO TP (Kan + [Blo) - (Kw + K*a1KnPco2)[Hs0'] - KarKuy - KanK*a1KiPcoz = 0

which is equation 11

if Pcoz = 0 then this simplifies to

[HsO"T + [HsO"T(Kats + [Blo) - Ku[HsO'] - KariK = 0

which is equation 9

2. Derivations of equations in Scenario 2

2.1 Derivation of equation 12

_ [B][H30%]
= TIBHA

Kw = [HSO+]aq [OH-]aq

charge balance in water: [BH™] + [Hs0"] = [OH]
[BH] = [OHT - [H50"]
[BH'] = Ky/[H30] - [H307]

solubility of base = S = [B] + [BH]

S = [B] + [B][HsO /Kan

S =[B] (1 + [HsO")/Kap)

S=S (1 + 107107

log S =log S + log (1 + 10°K2HPH

2.2 Derivation of equation 13

Ko = [BH'] [OH]/[B]
Kw =[H] [HOT]



Charge balance: [H'] + [BH'] = [HO]

Kw/[OHT] + [BH+] =[OH]
K + [BH] [OH] = [OHT
Kw + [B] Ko = [OHT
[OHT] = (Kw + [B] K)°®

Sy = [B] at saturation

Saq = [B] + [BH] = S, + K, [B] / [OH]
=So (1 +Ks/ (Ku +[B] Kp)*®)
=So (1 + Ko/ (K + SoKp)*?)

2.3 Derivation of equation 16

« . - 1BlHs0%]
T BH
fraction protonated = ngy./ngoe = [BH)/[Blo
= [B][HsO"V/Kan[Blo
So[H30]
[B]OKaH
Sy[H50+
% protonation = M x 100%
OKaH

fraction protonated =

2.4 Derivation of equation 17

at system midpoint: % protonation = 50%

0.5 = So[H30™)/[BloKan
[BloKan/2So = [H307]

log[H30"] = logKay + log([B1o/2S0)
pH = pKan — log([B]o/2S0)

2.5 Derivation of equation 18

Ko = [B][H30]
[BH]
Kw = [Hs0] [OH]
charge balance in water: [BH™] + [Hs0"] = [OH]
[BH'] = [OHT] - [HsO"]
[BH'] = Ky/[H30"] - [H307]
So = [B]

[BH'] = So[H30"1/Kan

Kw/[H30"] - [H30"] = So[H3O"1/Kan
Ku - [H30™T = So[H30"T"/Kan

K = [H30'T + So[Hs0'T/Kan

Kuw = [HsO'T* (1 + So/Kan)

[HsO' = Ky/(1 + So/Kan)

[H30%] = Ku2/(1 + So/Kar)*®



2.6 Derivation of equation 20 (pH in the presence of CO2)

Assume that there is some precipitated neutral B and no precipitated salt.
So =[B]

Kan = [B][HsO")/[BH'] = So[HsO"V[BH']

Kw = [Hs0"] [OH]

charge balance in water: [BH] + [HsO0*] = [OH] + [HCO31]
mass balance: [Blo = [BH'] + [B] + npp/V
or [Blo = [BH] + Sp + Nppt/V

fraction protonated = ngy./ngoe = [BH)/[Blo
K = [*H2CO3")/Pco2

K*ar = [HCO3[Hz0"1/[“H2CO3"

K*a1Kn = [HCO3[H30"]/Pcoz

K*a1KiPcoz = [HCO31[Hs07]

[BH™] + [HsO0*] = [OH] + [HCO31]

So[Hz0V/Kan + [H30'] = Ky/[H30'] + K*a1KnPco2/[Hs0"]
[HsO™(1 + So/Kan) = (Kw + K*a1KnuPco2)/[Hs0"]

[HsO'T = (Ku + K*a1KuPco2)/(1 + So/Kar)

[Hs0*] = 4 /Kw + Ka1KuPco2
1+ So/Kan

2.7 Derivation of equation 21 (% protonation in presence of CO2)

Kan = So[HsO'J/[BH"]
fraction protonated = [BH')/[B]o = So[H30"]/[BloKan

S 4 [Kw + Ka1KyPeop
0 1+ SO/KaH

fraction protonated =

[B]OKaH
o [Kw + Ka1KiPeop
% protonation = 1+ SofKan x 100%
[B]OKaH
or
g 4/ Kw+ KaiKyPcop
0 1 + So/Kap
[Blo =
I:>protKaH

where P is the fraction protonated



3. Derivations of equations in Scenario 3

ivation of equation 25

3.1 Der

KaH= [B]aq[Hso+]aq
[BH*1oq
_ [Blog
" Blag
K'P — [BH+]org
[BH*]aq
_ [Blog + [BH*lorg
[Blag + [BH*]aq

D= KP[B]aq + KIP[BH+]aq
[B]aq + [B]aq[H30+]aq/KaH
D= KP[B]aq + [B]aquP[H30+]aq/KaH
[B]aq + [B]aq[H30+]aq/KaH
Multiply top and bottom by Kgn/[Blag
D- KpKan + K'p[H30*]oq
Kan + [H30+]aq

3.2 Derivation of equation 26

H= [B]aq[H30+]aq
2 [BH*]5q
_ [Blog
P Bl
Kp = [BH*]org
[BH*]yq
initial moles of base = Ng = [BlorgVorg + [BlagVaq + [BH TorgVorg + [BHlaqVaq

Vrat = Vorg/Vaq
NBH+ _ [BH+]orgVorg + [BH+]aanq
0 [B]orgvorg + [B]aqvaq + [BH+]orgVorg + [BH+]aanq

fraction protonated =



_ [BHagK'pVorg + [BlaglHs0*TaqVae/
[BlagKpVorg + [BlagVaq + [BH*]agK'pVorg + [BlaglH30*]aqVaq/Kan

_ [B]aq[H30+]aquPVorg/KaH + [B]aq[H30+]aanq/KaH

- [B]aqKPVorg +[BlagVaq + [B]aq[H30+]aqK'PVorg/KaH + [Blag[H30%1aqVag/Kan
Cancel out [B],q and multiply top and bottom by Kan/Vaq

[H30+]aq(KIPVrat + 1)
Kan(KpViat + 1) + [H30+]aq(K'PVrat +1)
[H30+]aq(KIPVrat +1)

Kar(KpVyat + 1) + [H30*lag(K'pVigt + 1)

fraction protonated =

x 100%

% protonation =

3.3 Derivation of equation 27

at the midpoint, % protonation = 50%. Put this into equation 20 and rearrange.

KaH(KPVrat + 1) + [HSO+]aq(K’PVrat + 1) = 2[H30+]aq(K’PVrat + 1)
KaH(KPVrat + 1) = [HSO+]aq(K’PVrat + 1)

[H30+]aq = KaH(KPVrat + 1)/(K’Pvrat + 1)

10g[H50"aq = 10gKan + 10g(KpViat + 1) — 10g(K'pViar + 1)

PH = pKaH - 10g10(KpViat + 1) + 10g910(K'pViat + 1)

3.4 Derivation of equation 28

K. = [B]aq[H3o+]aq
aH = — 5.1
[BH*]aq
_ [Blorg
P [Blag
Kip = [BH*]org
[BH*]q

initial moles of base = Ng = [BlorgVorg + [BlagVaq + [BH TorgVorg + [BHlaqVaq

Ky = [H30™Taq[OH g

Vrat = Vorg/Vaq

charge balance in water:
[BH+]aq + [HSO+]aq = [OH-]aq
[BH+]aq = [OH-]aq - [H30+]aq
[BH+]aq = Kw/[HSO-]aq - [HSO+]aq

To save space, we will use “H™ to represent “HsO™ and note that [H'] is the aqueous phase
concentration of HzO".

Blo = [B]orgvrat + [B]aq + [BH+]orerat + [BH+]aq

[Blo = [BlagKpVrat + [Blag + [BH+]aqK’PVrat + [BH+]aq

[Blo = [Blag(KpViat + 1) + [BH+]aq(K’PVrat +1)

[Blo = Kan[BHJag(KpViat + 1)/[H'] + [BH ]aq(K'pV et + 1)

[Blo = KaH(Kw/[H+]aq - [H+]aq)(KPVrat + 1)/[H+] + (Kw/[H+]aq - [H+]aq)(K’PVrat +1)
0= KaH(Kw/[H+]aq - [H+]aq)(KPVrat + 1)/[H+] + (Kw/[H+]aq - [H+]aq)(K’PVrat +1) - [Blo
0= (KaHKw/[H+]2 - KaH)(KPVrat + 1) + (KW/[H+]aq - [H+]aq)(K’PVrat + 1) - [B]O



multiply by [H'T?

0 = (KarKu - Kau[H'T)(KpVrat + 1) + (Ka[H'T - [H)(K'pVra + 1) - [Blo[H'T?

0 = KarK(KpViat + 1) = Kau[H P (KpViar + 1) + Ka[H(K'pViar + 1) - [HT(KpVya + 1) - [Blo[H'T?
0 = - [H'P(K'pVrar + 1) = Kan[H TP (KpVra + 1) = BIo[H'T + Ku[HI(K'pViar + 1) + KapsK(KpVia + 1)
0 = - [H'P(KpVrar + 1) - [HT{Kar(KpVrat + 1) + [Blo} + [HTKw(K'pVrat + 1) + KaplKun(KpVrat + 1)

0 = - [HTP(KpVrat + 1) - [HH{KarKpVrat + Ka + [Blo} + [HTKw(K'pVrat + 1) + KarKu(KpVia + 1)

0 = [H+]3(K’Pvrat + 1) + [H+]2{KaHKPVrat + Ka + [B]O} - [H+]KW(K,PVrat + 1) - KaHKw(KPVrat + 1)

)-
)-

Derivation of equation 29

K.y = [B]aq[H3o+]aq
aH =~ — 51121
[BH*q
_ [Blog
P Bl
L _ [BHlog
P [BH*q

K*a1= [HSO+]aq [HCOS-]aq /([HZCO3]+[COZ(aq)])
K = ([H2COs]+[COxaq)]) / Pcoz

initial moles of base = Ng = [BlorgVorg + [BlagVaq + [BH TorgVorg + [BHlaqVaq

Kw = [H30"Jag[OH laq
Vrat = Vorg/Vaq
charge balance in water:
[BH+]aq + [HSO+]aq = [OH-]aq + [HCOS-]aq
[BH+]aq = [OH-]aq + [HCOS-]aq - [HSO+]aq
[BH]aq = Ku/[H30Jaq + [HCO3Taq - [H30"Taq
[BH'laq = Ku/[H30™]aq + K*a1([H2CO3]+[COxaq)])/[H30 ]ag - [H30 ]aq

To save space, we will use “H™ to represent “Hs0™ and note that [H'] is the aqueous phase
concentration of HzO".

Blo = [B]orgvrat + [B]aq + [BH+]orerat + [BH+]aq

[Blo = [BlagKpVrat + [Blag + [BH+]aqK’PVrat + [BH+]aq

[Blo = [Blag(KpVrat + 1) + [BH+]aq(K’PVrat +1)

[Blo = Kar[BH"Jag(KpVrat + 1)/[H'] + [BHTag(K'pVrat + 1)

[Blo = Kar(Kw/[H'] + K*21([H2CO3]+[CO2aq)])/[H'] - [H'])(KpViar + 1)/[[H'] + (KuW/[H'] +
K*a1([H2CO3]+[CO2(aq))/[H'] - [H'])(K'pViat + 1)

[Blo = Kan(Kw/[H'] + K*a1KiPco2/[H'] - [H'])(KpViat + 1)/[H] + (Kuw/[H'] + K*21KnPco2/[H'] -
[H+])(K’Pvrat +1)

0 = Kan(Kw/[H'] + K*21KnPco2/[H'] - [H ) (KpVia + 1)/[H'] + (KW/[H'] + K*a1KniPoo2/ [H'] - [H)(K'pVrat
+1)-[Blo

0 = (KarnKu/[H'T + KanK*a1KnuP oo [H'T = Ka) (KpVrar + 1) + (Kw/[H'] + K*21KuPcoo/[H'] - [H') (K'pViat
+1)-[Blo

multiply by [H*T?

0 = (KanKu + KarK"a1KnPooz - KahlH'T) (KeVrat + 1) + (Ku[H'T + K*a1KiuPooeH'] - [HT) (KpVia + 1) -
[Blo[H]

0= KaHKw(KPVrat + 1) + KaHK*a1KHPC02 (KPVrat + 1) - KaH[H+]2(KPVrat + 1) + KW[H+](K,PVrat + 1) +
KarK*a1KuP ool H 1 (K'pVirat + 1) - [H(K'pViar + 1) - [Blo[H'T



0 = - [HP(KpViar + 1) - Kan[H' T (KpVra + 1) - [Bo[H' + Ku[HI(K'pV ot + 1) +

KarK*a1KuPooo[H 1(K'pViat + 1) + KoK (KpViat + 1) + KanK*21KnuPcoo(KpViat + 1)

0 = - [HTP(KpVrat + 1) - [HTH{Kan(KpViat + 1) + [Blo} + [HHKw(K'pViat + 1) + KarK*a1KiPcoa(K'pViat +
1)} + KaHKw(KPVrat + 1) + KaHK*a1 KHPCO2(KPVrat + 1)

0 = [HP(K'pViar + 1) + [HT{Kan(KpVrat + 1) + [Blo} - [HHKw(K'sVrat + 1) + KarK*a1KnPcoa(K'pViar +
1)} - KaHKW(KPVrat + 1) - KaHK*a1 KHPCOZ(KPVrat + 1)

4. Additional information concerning Scenario 1

4.1 Experimental Methods

The pKan values of DBU, 2-IME, and PYPO were experimentally determined as follows. A
standard solution (0.1 M) of the compound in distilled water was titrated by 0.1 M HCI at 30 °C, and
the pH was continuously recorded after addition of HCl. The pKa.x was taken as the pH at the half-
equivalence point.

pH measurements of base solutions were performed in the following manner. Vials and
centrifuge tubes were washed with deionized water (from a Millipore purification system, 18.2 MQ)
until the wash water had a pH within 0.2 units of 7. Stock solutions of base (10 mM, 100 mM, and
1000 mM) were prepared by accurately weighing out the base in a washed and dried vial, dissolved
into DI water, and then transferred, with rinses, into a 100 mL glass volumetric flask. The contents of
the volumetric flask were then diluted to volume. Three polypropylene 50 mL centrifuge tubes were
washed with the DI water and then washed with a 5 mL portion of the base solution. Afterward, 25
mL of the base solution was added to each tube. Each tube of solution was covered with a screw cap
and placed into a water bath with a temperature of 30.0 °C. All pH measurements were taken with a
pH probe (Orion 4 Star benchtop pH meter equipped with an Orion Ag/AgCl glass probe (Thermo
Scientific)). After 10 minutes, the tubes were removed from the bath and the pH of the each solution
was measured 3 times in quick succession. The average measured pH of the solutions was
determined by first calculating the average measured pH of each individual solution, then calculating
the average pH between solutions. The tubes were placed back into the bath and CO; was passed
slowly through the base solutions using a needle for sufficient time to obtain a constant pH. The
necessary time varied with concentration and strength of the base, and was determined by
measuring the pH every 20 min. A hole was created in the screw caps to prevent over-pressurization.
The fully carbonated solutions were removed from the water bath and the pH of each solution was
measured 3 times in quick succession. The average measured pH of the solutions was determined by
first calculating the average measured pH of each individual solution, then calculating the average pH
between solutions.



4.2 Tables of Theoretical Data

Table S1. The theoretical pH values for solutions of bases having specified pKau values and specified
concentrations in water at 25 °C in the absence of CO».

PKan= PKan= PKan= PKan= PKan= PKan= PKan= PKan= PKan=
[Blo, 5 6 7 8 9 10 11 12 13
mM
0.001 7.02 7.14 7.46 7.80 7.97 8.00 8.00 8.00 8.00
0.01 7.15 7.51 7.98 8.43 8.80 8.96 8.99 8.99 9.00
0.1 7.525 8.00 8.49 8.98 9.43 9.79 9.97 9.99 9.99
1 8.00 8.5 8.99 9.498 9.98 10.43 10.79 10.96 10.99
10 8.505 8.99 9.50 9.99 10.49 10.98 11.43 11.79 11.96
100 9.00 9.50 9.99 10.50 10.99 11.49 11.98 12.43 12.84
1000 9.50 9.99 10.50 10.99 11.50 11.99 12.49 12.98 13.43

Table S2. The theoretical % protonation values for solutions of bases having specified pKau values
and specified concentrations in water at 25 °C in the absence of COx.

PKan= PKan= PKan= PKan= PKan= PKan= PKan= PKan= PKan=
[Blo, 5 6 7 8 9 10 11 12 13
mM
0.001 1 7 26 61 92 99 100 100 100
0.01 0.70 3 10 27 62 92 99 100 100
0.1 0.30 1 3 10 27 62 92 99 100
1 0.1 0.32 1 3 10 27 62 92 99
10 0.03 0.1 0.32 1 3 10 27 62 92
100 0.01 0.03 0.1 0.32 1 3 10 27 62
1000 0.003 0.01 0.03 0.1 0.32 1 3 10 26

Table S3. The theoretical pH values for solutions of bases having specified pKau values and specified
concentrations in water at 25 °C in the presence of 0.1 MPa CO..

PKan= PKan= PKan= PKan= PKan= PKan= PKan= PKan= PKan=
[Blo, 5 6 7 8 9 10 11 12 13
mM
0.001 3.91 3.91 3.91 3.91 3.91 3.91 3.91 3.91 3.91
0.01 3.93 3.93 3.93 3.93 3.93 3.93 3.93 3.93 3.93
0.1 4.06 4.08 4.08 4.08 4.08 4.08 4.08 4.08 4.08
1 4.67 4.79 4.8 4.8 4.8 4.8 4.8 4.8 4.8
10 5.33 5.7 5.8 5.8 5.8 5.8 5.8 5.8 5.8
100 5.88 6.3 6.7 6.8 6.8 6.8 6.8 6.8 6.8
1000 6.40 6.9 7.3 7.7 7.8 7.8 7.8 7.8 7.8




Table S4. The theoretical % protonation values for solutions of bases having specified pKau values

and specified concentrations in water at 25 °C in the presence of 0.1 MPa of CO,.

PKan= PKan= PKan= PKan= PKan= PKan= PKan= PKan= PKan=
[Blo, 5 6 7 8 9 10 11 12 13
mM

0.001 94 99 100 100 100 100 100 100 100
0.01 92 99 100 100 100 100 100 100 100
0.1 90 98 100 100 100 100 100 100 100
1 68 94 99 100 100 100 100 100 100
10 32 69 94 99 100 100 100 100 100
100 12 32 69 94 99 100 100 100 100
1000 4 12 32 69 94 99 100 100 100
Table S5. The pKau values required for bases to have specific % protonation values in water at 25 °C

under air or 0.1 MPa of CO, assuming that the base and its bicarbonate salt are both fully soluble.

% P In absence of CO, % P In presence of 0.1 MPa CO,
[Blg, mM | 5 10 20 30 95 90 80 70
pKaH pKaH
0.001 5.83 6.26 6.81 7.16 5.19 4.879 4.52 4.28
0.01 6.44 7.06 7.71 8.11 5.21 4.88 4.53 4.29
0.1 7.5 8.05 8.7 9.15 5.36 5.02 4.65 441
1 8.43 9.05 9.7 10.11 6.09 5.74 5.34 5.05
10 9.43 10.05 10.7 11.11 7.08 6.73 6.33 6.04
100 10.43 11.05 11.7 12.11 8.08 7.73 7.33 7.04
1000 11.42 12.05 12.7 13.11 9.08 8.73 8.33 8.04
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Figure S1. The pKau required for a base to have a specified % protonation when mixed with water at
30 °C. The dashed lines show the required pKau to obtain the specified % protonation in the absence
of COz2. The solid lines show the pKau required to obtain the specified % protonation values in the
presence of 0.1 MPa of CO,.



Table S6. The pKay values required for bases to have specific % protonation values in water at 30 °C
under air or 0.1 MPa of CO, assuming that the base and its bicarbonate salt are both fully soluble.

% P In absence of CO,

% P In presence of 0.1 MPa CO,

[Blo, 5 10 20 30 95 90 80 70
mM PKar PKan

0.001 5.73 6.14 6.65 7.01 5.21 4.89 4,53 4.3
0.01 6.28 6.89 7.54 7.95 5.23 491 4.55 431
0.1 7.26 7.88 8.54 8.95 5.3 5.05 4.68 4,43
1 8.26 8.88 9.54 9.94 6.12 5.78 5.37 5.077
10 9.26 9.88 10.54 10.95 7.11 6.77 6.36 6.065
100 10.26 10.88 11.54 11.95 8.11 7.77 7.36 7.065
1000 11.26 11.88 12.54 12.95 9.11 8.77 8.36 8.065

Table S7. The pKau values required for bases to have specific % protonation values in water at 60 °C
under air or 0.1 MPa of CO, assuming that the base and its bicarbonate salt are both fully soluble.

% P In absence of CO,

% P In presence of 0.1 MPa CO,

[Blo, mM | 5 10 20 30 95 | 90 80 70
PKan PKan
0.001 5.27 5.63 6.05 6.35 5.32 5 4.65 4.41
0.01 5.56 6.11 6.73 7.14 5.34 5.02 4.66 4.43
0.1 6.45 7.1 7.72 8.19 5.54 5.2 4.83 4.57
1 7.45 8.07 8.72 9.13 6.34 5.99 5.59 5.3
10 8.45 9.07 9.72 10.13 7.34 6.98 6.58 6.29
100 9.45 10.07 10.72 11.13 8.34 7.99 7.59 7.29
1000 10.45 11.07 11.72 12.13 9.34 8.99 8.58 8.29
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Figure S2. The pKau required for a base to have 95 % protonation when mixed with water at 25 °C

under the specified pressure of CO-.
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Figure S3. The pKau required for a base to have a specified % protonation when mixed with water at
25 °C. The dashed lines show the required pKau to obtain the specified % protonation in the absence
of CO2. The solid lines show the pKau required to obtain the specified % protonation values in the
presence of 1 MPa (10 bar) of CO..

Table S$8. The pKau values required for bases to have specific % protonation values in water at 25 °C
under air or 1 MPa of CO2, assuming that the base and its bicarbonate salt are both fully soluble.

% P In absence of CO, % P In presence of 1 MPa CO,

[Blo, 5 10 20 30 95 90 80 70
mM PKan PKan

0.001 5.83 6.26 6.81 7.16 4.69 4.365 4.012 3.78
0.01 6.44 7.06 7.71 8.11 4.7 4.37 4.02 3.79
0.1 7.5 8.05 8.7 9.15 4.75 4.42 4.06 3.82
1 8.43 9.05 9.7 10.11 5.14 4.8 4.41 4,13
10 9.43 10.05 10.7 11.11 6.08 5.73 5.33 5.04
100 10.43 11.05 11.7 12.11 7.08 6.73 6.33 6.04
1000 11.42 12.05 12.7 13.11 8.08 7.73 7.33 7.04
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Figure S4. The pKau required for a base to have a specified % protonation when mixed with water at
30 °C. The dashed lines show the required pKau to obtain the specified % protonation in the absence
of CO2. The solid lines show the pKau required to obtain the specified % protonation values in the
presence of 1 MPa (10 bar) of CO..

Table S9. The pKau values required for bases to have specific % protonation values in water at 30 °C
under air or 1 MPa of CO», assuming that the base and its bicarbonate salt are both fully soluble.

% P In absence of CO, % P In presence of 1 MPa CO,

(Blo, 5 | 10 | 20 | 30 95 | 90 | 80 | 70
mM o] PKan

0.001 5.73 6.14 6.65 7.01 4.71 4.381 4.03 3.8
0.01 6.28 6.89 7.54 7.95 4.71 4.39 4.04 3.8
0.1 7.26 7.88 8.54 8.95 4.76 4.44 4.08 3.84
1 8.26 8.88 9.54 9.95 5.17 4.83 4.44 4,16
10 9.26 9.88 10.54 10.95 6.11 5.77 5.36 5.07
100 10.26 10.88 11.54 11.95 7.11 6.77 6.36 6.07
1000 11.26 11.88 12.54 12.95 8.11 7.77 7.36 7.07
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Figure S5. The pKau required for a base to have a specified % protonation when mixed with water at
60 °C. The dashed lines show the required pKau to obtain the specified % protonation in the absence
of CO2. The solid lines show the pKau required to obtain the specified % protonation values in the
presence of 1 MPa of CO..

Table $10. The pKay values required for bases to have specific % protonation values in water at 60 °C
under air or 1 MPa of CO», assuming that the base and its bicarbonate salt are both fully soluble.

% P In absence of CO, % P In presence of 1 MPa CO,
[Blo, mM | 5 10 20 30 95 90 80 70
pKaH pKaH
0.001 5.27 5.63 6.05 6.35 4.82 4.494 4.142 3.91
0.01 5.56 6.11 6.73 7.14 4.83 4.5 4.15 3.92
0.1 6.45 7.1 7.72 8.19 4.89 4.57 4.21 3.96
1 7.45 8.07 8.72 9.13 5.37 5.03 4.64 4.36
10 8.45 9.07 9.72 10.13 6.34 5.99 5.59 5.3
100 9.45 10.07 10.72 11.13 7.34 6.99 6.59 6.3
1000 10.45 11.07 11.72 12.13 8.34 7.99 7.59 7.3

5. Additional information concerning Scenario 2

5.1 Calculation of the Sg value of CyNMe; in water

The solubility of CyNMe; in water is 1.4 wt% at 25 °C; this value was obtained by
interpolation of the data of Stephenson.[!] This corresponds to a concentration of ~0.11 M if one
assumes that a 1 kg solution has a volume of 1 L. Using equation 13, one can calculate that in this
case So and S are identical to several digits. Therefore So=~0.11 M




5.2 pKay values required

Table S11. The theoretical pH values of the aqueous phase of a base/water mixture in the absence of
€O as a function of the pKau of the base and [B]o, the number of moles of base added to the system
per litre of solution, at 25 °C. For each base, Sp is assumed to be 0.01 M.

[Blo, PKan= PKan= PKan= PKan= PKan= PKan= PKan= PKan= PKan=
mM 5 6 7 8 9 10 11 12 13
0.001 7.02 7.14 7.46 7.80 7.97 8.00 8.00 8.00 8.00
0.01 7.15 7.51 7.98 8.43 8.79 8.96 9.00 9.00 9.00

0.1 7.52 8.00 8.49 8.98 9.43 9.79 9.97 10.00 10.00
1 8.00 8.5 9.00 9.49 9.98 10.43 10.79 10.96 11.00
10 8.50 9.00 9.50 10.00 10.50 11 11.5 12 12.5
100 8.50 9.00 9.50 10.00 10.50 11 11.5 12 12.5
1000 8.50 9.00 9.50 10.00 10.50 11 11.5 12 12.5

Table S12. The pKau required for a base to have 5% protonation when mixed with water
under air or a 95% protonation in water under 0.1 MPa COx, for incompletely soluble bases
having an Sp value of 1, 10 or 100 mM, at 25 °C.

[Blo, mM P=5% under air P=95% under 0.1 MPa CO,

So= 100 mM So= 10 mM So= 1mM So= 100 mM So= 10 mM

So= 1mM
0.001 5.83 5.83 5.83 5.19 5.19 5.19
0.01 6.44 6.44 6.44 5.21 5.21 5.21
0.1 7.5 7.5 7.5 5.36 5.36 5.36
1 8.43 8.43 8.4 6.09 6.09 6.09
10 9.43 9.4 10.4 7.08 7.08 7.08
100 10.4 11.4 12.4 8.08 8.08 8.78

1000 12.4 13.4 14.4 9.08 9.78 10.78




6. Additional information concerning Scenario 3

Table S13. The pKan values required for bases to have specific % protonation values in a biphasic
water:organic mixture at 25 °C, assuming V..=0.5 and AlogKp=2.8. These values were used to create

the plot shown in Figure 16.

5% protonation under air 95% protonation under 1 bar CO,
[Blo, mM pKay at given logKp pKay at given logKp

logKp=-1 logKp=1 logKp=3 logKp=-1 logKp=1 logKp=3

0.001 5.87 6.87 8.53 5.23 6.23 7.94

0.01 6.48 7.47 8.96 5.25 6.24 7.95

0.1 7.46 8.45 9.91 5.39 6.39 8.03

1 8.46 9.45 10.91 6.13 7.12 8.59

10 9.46 10.45 11.91 7.12 8.11 9.57
100 10.46 11.45 12.91 8.12 9.11 10.57
1000 11.46 12.45 13.91 9.12 10.11 11.57
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