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Fugacity Coefficients

Consider a multicomponent system that is simulated in an ensemble that is either open

(e.g. grand-canonical ensemble) or closed (NPT ensemble). In this system, we would like to

calculate the fugacity coefficient φi of component i. We assume that a fractional molecule of

component i is present. The chemical potential of component i equals1,2

µi = µ0
i +RT ln 〈ρi〉

ρ0
+ µiex = µ0

i +RT ln 〈ρi〉
ρ0
−RT ln p(λi = 1)

p(λi = 0) (S1)

in which µ0
i is the reference state of the chemical potential, 〈ρi〉 is the average number density

of i, µiex is the excess chemical potential of i, ρ0 is an arbitrary reference density (to make the

argument of the logarithm dimensionless), and p(λi) is the (unbiased) Boltzmann probability

distribution of the coupling parameter of the fractional molecule of type i. In classical

thermodynamics, the chemical potential of i is usually expressed as3,4

µi = µ?i +RT ln
(
yiPφi
P0

)
(S2)

in which µ?i is a reference chemical potential (which is different from µ0
i ), yi is the mole

fraction of i, P is the pressure, and P0 is a reference pressure (usually 1 bar). The reference

chemical potentials µ0
i and µ?i only depend on the temperature and not on the pressure or

composition of the system. To find an expression for the fugacity coefficient φi, consider a

system in which the pressure P is approaching zero while the composition of the mixture is

constant. In this limit, φi = 1 and µiex = 0. We have

µ0
i +RT ln 〈ρi〉

ρ0
= µ?i +RT ln

(
yiP

P0

)
(S3)
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In this limit, the ideal gas law can also be used to calculate the average number density of i,

〈ρi〉 = yiP

RT
(S4)

This leads to

µ0
i − µ?i = RT ln

(
ρ0RT

P0

)
(S5)

This equation can be used to eliminate the reference state in Eq. S2 leading to

µiex = RT ln
(
yiPφi
RT 〈ρi〉

)
(S6)

so

φi = RT 〈ρi〉
yiP

exp
[
µiex/(RT )

]
(S7)

If the system consists of Nt molecules in total (including component i, and not counting

fractional molecules), we have 〈ρi〉 ≈ Ni/ 〈V 〉 (〈V 〉 being the average volume) and yi = Ni/Nt.

Finally, we have

φi = NtRT

P 〈V 〉
exp

[
µiex/(RT )

]
= exp [µiex/(RT )]

Zm
(S8)

in which Zm = P 〈V 〉
NtRT

is the compressibility of the mixture. The fugacity coefficient φi thus

depends on both the excess chemical potential of i and the overall deviation from ideal gas

behavior of the mixture.
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Equation of State Modelling

The condition of equilibrium between the gas and liquid phase requires equal chemical

potentials (i.e. equal fugacities) for both phases at a certain temperature and pressure. At

any set of T and P , the fugacity of component i in the liquid phase can be defined using the

activity coefficient.5 The fugacity of component i in the gas phase can be calculated using an

equation of state. By equating the fugacities, we have5

ϕiyiP = γixiφ
sat
i P sat

i exp
[
V L
i (P − P sat

i )
RT

]
(S9)

where ϕi and yi are the fugacity coefficient and mole fraction of component i in the gas

phase, respectively. This equation resembles the γ − φ approach. γi and xi are the activity

coefficient and mole fraction of component i in the liquid phase, respectively. V L
i and P sat

i are

the molar volume and saturation pressure of the liquid at temperature T . The exponential

term on the right hand side of Eq. S9 is the Poynting factor, which accounts for changes in

the chemical potential due to the compressibility of the liquid. At ambient pressures this

term is close to 1, but at the pressures in this study (100-1000 bar) this term significantly

differs from 1. For the H2O− H2 system at high pressures, it is known that the liquid phase

contains almost pure water, and the gas phase contains almost pure hydrogen. Therefore,

the mole fraction of water in the gas phase can be calculated easily by simplifying Eq. S9. γi

and xi for water in the liquid phase can be set to one since the liquid phase is almost pure

water. The activity coefficient of water in the gas phase can be estimated at infinite dilution

since the mole fraction of water is significantly low in the gas phase. Other parameters

in Eq. S9 can be obtained from pure component data.6 The drawback of this method is that

the composition of the liquid phase remains unknown. One can use flash calculations to

predict the vaporized fraction of the mixture as well as the liquid composition in equilibrium.

The fugacity coefficients at (T, P ) are calculated from an EoS in every iteration to compute
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the distribution coefficient.5,7 The flash calculations (φ-φ approach) were performed using

the software by Martín and co-workers.8 For details the reader is referred to Ref.8
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Table S1: Force field parameters for the water models used in this study. L is the dummy
site for four-site models. For the TIP5P/Ew9 model, L and M are the dummy sites. θ is
the angle between atoms OHO, in degrees. For four-site water models ε = 0.5θ. ϕ is the
angle between the point charges of the dummy sites for the TIP5P/Ew. A cutoff radius of
12 Å was used for all LJ interactions. Analytic tail corrections and the Lorentz-Berthelot
mixing rules were applied.10,11

Force Field Parameters TIP3P12 SPC13 SPC/E14 OPC15 TIP4P/200516 TIP4P/Ew17 TIP5P/Ew9

εOO/kB/[K] 76.500 78.203 78.175 107.086 93.196 81.899 89.57888
σOO/[Å] 3.151 3.1656 3.166 3.1666 3.1589 3.1644 3.097
qO/[e] -0.834 -0.82 -0.8476 -1.3582 - -
qH/[e] 0.417 0.41 0.4238 0.6791 0.5564 0.52422 -
qL/[e] - - - -1.3582 -1.1128 -1.04844 -0.241
qM/[e] - - - - - - 0.241
rOH/[Å] 0.957 1 0.8724 0.9572 0.9572
rOL/[Å] - - - 0.1594 0.1546 0.125
θ 104.52 109.47 109.47 103.6 104.52 104.52 104.52
ϕ - - - 51.8 52.26 52.26 109.47
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Table S2: Force field parameters for the hydrogen models used in this study. Dummy site L
is the geometric center of mass for the Marx model. The H-H bond length of the two-site
and three-site force fields is 0.74 Å. A cutoff radius of 12 Å was used for all LJ interactions.
Analytic tail corrections and the Lorentz-Berthelot mixing rules were applied.10,11

Force Field Parameters Buch18 Hirschfelder19 Vrabec20 Cracknell21 Marx22

εHH/kB/[K] 34.2 38 25.84 12.5 -
σHH/[Å] 2.96 2.915 3.0366 2.59 -
qH/[e] - - - - 0.468
qL/[e] - - - - -0.936
εLL/kB/[K] - - - - 36.7
σLL/[Å] - - - - 2.958
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Table S3: Calculated densities and fugacity coefficients of different hydrogen models obtained
from CFCNPT simulations at T = 323 K and pressures between P = 100 and P = 1000 bar.
The results from equation of state modelling are obtained using parameters from table S10.
σx is the uncertainty of x. Results from cubic EoS and REFPROP23,24 are also included.

P/[bar] 〈ρ〉/[kg/m3] σ〈ρ〉 µ/kB/[K] σφ

Hirschfelder19
100 7.121 0.001 1.05 0.02
200 13.556 0.002 1.10 0.02
400 24.650 0.006 1.23 0.02
600 33.84 0.01 1.37 0.03
800 41.58 0.01 1.53 0.03
1000 48.22 0.02 1.71 0.03

Vrabec20
100 7.027 0.001 1.06 0.02
200 13.239 0.002 1.14 0.02
400 23.733 0.005 1.30 0.02
600 32.30 0.01 1.48 0.02
800 39.49 0.01 1.67 0.03
1000 45.65 0.01 1.92 0.03

Buch18

100 7.088 0.001 1.05 0.02
200 13.443 0.003 1.12 0.02
400 24.314 0.006 1.25 0.02
600 33.26 0.01 1.40 0.02
800 40.78 0.01 1.59 0.02
1000 47.22 0.01 1.79 0.03

Cracknell21
100 7.133 0.001 1.05 0.02
200 13.611 0.003 1.10 0.02
400 24.891 0.005 1.21 0.02
600 34.37 0.01 1.35 0.02
800 42.45 0.01 1.50 0.03
1000 49.45 0.01 1.66 0.03

Marx22

100 7.100 0.002 1.05 0.02
200 13.482 0.004 1.11 0.02
400 24.416 0.010 1.25 0.02
600 33.41 0.02 1.40 0.03
800 40.97 0.02 1.57 0.03
1000 47.42 0.02 1.76 0.04

Continued on next page
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P/[bar] 〈ρ〉/[kg/m3] σ〈ρ〉 µ/kB/[K] σφ

PR-EoS25

100 7.35 - 1.03 -
200 14.05 - 1.07 -
400 25.60 - 1.17 -
600 35.00 - 1.28 -
800 42.73 - 1.42 -
1000 49.17 - 1.57 -

SRK-EoS26

100 7.19 - 1.05 -
200 13.58 - 1.11 -
400 24.36 - 1.25 -
600 33.00 - 1.41 -
800 40.04 - 1.60 -
1000 45.87 - 1.82 -

REFPROP23,24

100 7.10 - 1.06 -
200 13.46 - 1.12 -
400 24.29 - 1.26 -
600 33.17 - 1.42 -
800 40.63 - 1.60 -
1000 47.01 - 1.80 -
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Table S4: Calculated densities and chemical potentials of different water models obtained
from CFCNPT simulations at T = 323 K and pressures between P = 100 and P = 1000 bar.
σx is the uncertainty of x. Results from REFPROP23,24 are also included.

P/[bar] 〈ρ〉/[kg/m3] σ〈ρ〉 µ/kB/[K] σµ

TIP3P13

100 965 2 -4057 31
200 970 1 -4033 25
400 982 2 -3989 32
600 992 1 -3948 29
800 1002 1 -3905 30
1000 1011 1 -3861 25

SPC12

100 962 2 -4075 24
300 973 2 -4021 32
500 982 1 -3987 26
800 996 2 -3912 29
1000 1005 1 -3873 28

SPC/E14

100 987 2 -4482 36
300 997 1 -4424 33
500 1004 2 -4385 31
800 1017 2 -4311 42
1000 1025 2 -4271 42

TIP4P/200516

100 990 2 -4606 47
200 995 2 -4584 44
400 1003 2 -4554 49
600 1012 2 -4494 48
800 1020 2 -4467 55
1000 1027 2 -4408 45

TIP4P/Ew17

100 987 2 -4433 35
300 996 2 -4388 25
500 1006 1 -4355 38
800 1018 2 -4291 41
1000 1025 2 -4242 38

OPC15

100 991 2 -4946 38
300 998 2 -4902 52
500 1005 2 -4861 43

Continued on next page
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P/[bar] 〈ρ〉/[kg/m3] σ〈ρ〉 µ/kB/[K] σµ

800 1017 2 -4808 59
1000 1025 2 -4730 61

TIP5P/Ew9

100 990 2 -3845 24
300 1000 1 -3821 24
500 1011 2 -3769 27
800 1025 2 -3699 30
1000 1034 2 -3651 29

REFPROP23,27

100 992.31 - -4112.58 -
200 996.53 - -4089.42 -
400 1004.7 - -4043.47 -
600 1012.6 - -3997.99 -
800 1020.1 - -3952.96 -
1000 1027.4 - -3908.32 -
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Table S5: Experimental solubilities of hydrogen in H2O− H2 mixtures (liquid phase) at
coexistence. Experimental data are converted to mole fractions for different temperatures
and pressures. For the original units for each data set, see the indicated references below.
For conversion to mole fractions, standard conditions at T = 273.15 K and P = 1.01325 atm
are considered, unless otherwise stated in the reference.

T /[K] P /[bar] xH2 Ref.
273.15 25 4.31× 10−4 28

273.15 51 8.63× 10−4 28

273.15 101 1.71× 10−3 28

273.15 203 3.35× 10−3 28

273.15 405 6.40× 10−3 28

273.15 608 9.25× 10−3 28

273.15 811 1.19× 10−2 28

273.15 1013 1.42× 10−2 28

298.15 25 3.50× 10−4 28

298.15 51 6.94× 10−4 28

298.15 101 1.39× 10−3 28

298.15 203 2.71× 10−3 28

298.15 405 5.24× 10−3 28

298.15 608 7.64× 10−3 28

298.15 811 9.90× 10−3 28

298.15 1013 1.20× 10−2 28

310.15 1.013 1.33× 10−5 29

310.93 3.4 4.50× 10−5 30

310.93 13.8 1.81× 10−4 30

310.93 31.0 4.10× 10−4 30

310.93 65.5 8.62× 10−4 30

310.93 103.4 1.33× 10−3 30

310.93 137.9 1.76× 10−3 30

323.15 25 3.26× 10−4 28

323.15 31.8 4.02× 10−4 31

323.15 51 6.49× 10−4 28

323.15 60.3 7.63× 10−4 31

323.15 101 1.29× 10−3 28

323.15 119.3 1.51× 10−3 31

323.15 203 2.54× 10−3 28

323.15 405 4.92× 10−3 28

323.15 608 7.18× 10−3 28

323.15 811 9.34× 10−3 28

323.15 1013 1.14× 10−2 28

348.15 25 3.32× 10−4 28

348.15 51 6.63× 10−4 28

348.15 101 1.32× 10−3 28

Continued on next page
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T /[K] P /[bar] xH2 Ref.
348.15 203 2.60× 10−3 28

348.15 405 5.04× 10−3 28

348.15 608 7.35× 10−3 28

348.15 811 9.54× 10−3 28

348.15 1013 1.17× 10−2 28

366.48 3.4 3.74× 10−5 30

366.48 13.8 2.0× 10−4 32

366.48 13.8 1.80× 10−4 30

366.48 27.6 3.7× 10−4 32

366.48 31.0 4.26× 10−4 30

366.48 55.2 7.5× 10−4 32

366.48 65.5 8.93× 10−4 30

366.48 110.3 1.50× 10−3 32

366.48 137.9 1.840× 10−3 30

373.15 21 3.01× 10−4 33

373.15 25 3.70× 10−4 28

373.15 31 4.48× 10−4 33

373.15 42 5.94× 10−4 33

373.15 42 5.17× 10−4 34

373.15 51 7.30× 10−4 28

373.15 57.0 8.20× 10−4 31

373.15 62 8.77× 10−4 33

373.15 62 7.61× 10−4 34

373.15 82 1.15× 10−3 33

373.15 82 1.02× 10−3 34

373.15 101 1.45× 10−3 28

373.15 102 1.32× 10−3 34

373.15 120.9 1.75× 10−3 31

373.15 153.7 2.23× 10−3 31

373.15 203 2.85× 10−3 28

373.15 405 5.46× 10−3 28

373.15 608 7.96× 10−3 28

373.15 811 1.03× 10−2 28

373.15 1013 1.25× 10−2 28

398.15 23 3.44× 10−4 33

398.15 33 5.04× 10−4 33

398.15 43 6.54× 10−4 33

398.15 52 7.18× 10−4 34

398.15 63 9.32× 10−4 33

398.15 82 1.13× 10−3 34

398.15 83 1.21× 10−3 33

398.15 87 1.21× 10−3 34

398.15 102 1.43× 10−3 34

Continued on next page
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T /[K] P /[bar] xH2 Ref.
422.04 31.0 5.00× 10−4 30

422.04 65.5 1.16× 10−3 30

422.04 103.4 1.88× 10−3 30

423.15 21 3.26× 10−4 33

423.15 30 4.95× 10−4 33

423.15 31 4.370× 10−4 34

423.15 40 6.55× 10−4 33

423.15 42 5.98× 10−4 34

423.15 52 7.79× 10−4 34

423.15 51.8 9.00× 10−4 31

423.15 54.3 9.79× 10−4 31

423.15 55 8.75× 10−4 33

423.15 62 9.43× 10−4 34

423.15 76 1.15× 10−3 33

423.15 75.9 1.35× 10−3 31

423.15 82 1.34× 10−3 34

423.15 87.1 1.60× 10−3 31

448.15 22 3.28× 10−4 33

448.15 29 4.83× 10−4 33

448.15 39 6.59× 10−4 33

448.15 52 7.46× 10−4 34

448.15 60 9.56× 10−4 33

448.15 62 9.43× 10−4 34

448.15 80 1.24× 10−3 33

473.15 26 3.30× 10−4 33

473.15 31 1.00× 10−3 33

473.15 36 5.74× 10−4 33

473.15 42 5.52× 10−4 34

473.15 46 8.44× 10−4 33

473.15 52 7.51× 10−4 34

473.15 76 1.22× 10−3 33

473.15 82 1.24× 10−3 34

473.15 102 1.40× 10−3 34

473.15 118 1.62× 10−3 34

477.59 27.6 3.5× 10−4 32

477.59 31.0 4.29× 10−4 30

477.59 55.2 1.05× 10−3 32

477.59 65.5 1.46× 10−3 30

477.59 103.4 2.57× 10−3 30

477.59 110.3 2.71× 10−3 32

498.15 33 3.22× 10−4 33

498.15 36 4.47× 10−4 33

498.15 41 5.91× 10−4 33

Continued on next page
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T /[K] P /[bar] xH2 Ref.
498.15 51 8.10× 10−4 33

498.15 62 9.93× 10−4 34

498.15 71 1.21× 10−3 33

498.15 92 1.45× 10−3 34

523.15 44 2.70× 10−4 33

523.15 47 4.45× 10−4 33

523.15 52 6.50× 10−4 33

523.15 60 8.93× 10−4 33

523.15 70 1.18× 10−3 33

548.15 63 3.01× 10−4 33

548.15 65 4.70× 10−4 33

548.15 68 6.54× 10−4 33

548.15 72 8.48× 10−4 33

548.15 80 1.19× 10−3 33

573.15 89 2.86× 10−4 33

573.15 91 5.42× 10−4 33

573.15 93 7.24× 10−4 33

573.15 96 8.80× 10−4 33

573.15 100 1.25× 10−3 33

574.81 110.3 1.41× 10−3 32

588.70 110.3 2.26× 10−3 32

588.71 137.9 2.98× 10−3 30
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Table S6: Experimental solubilities of water in H2O− H2 mixtures (gas phase) at coexistence.
Experimental data are converted to mole fractions for different temperatures and pressures.
For the original units for each data set, see the references below. For conversion to mole
fractions, standard conditions at T = 273.15 K and P = 1.01325 atm are considered, unless
otherwise stated in the reference.

T /[K] P /[bar] xH2 Ref.
310.93 3.4 1.96× 10−2 30

310.93 13.8 4.88× 10−3 30

310.93 31.0 2.22× 10−3 30

310.93 65.5 1.16× 10−3 30

310.93 103.4 7.6× 10−4 30

310.93 137.9 6.0× 10−4 30

310.95 13.8 4.88× 10−3 35

310.95 31.0 2.22× 10−3 35

310.95 65.5 1.16× 10−3 35

310.95 103.4 7.60× 10−4 35

323.15 50 2.66× 10−3 36

323.15 100 1.48× 10−3 36

323.15 101.3 1.38× 10−3 37

323.15 150 1.08× 10−3 36

323.15 200 8.8× 10−4 36

323.15 202.7 7.84× 10−4 37

323.15 250 7.6× 10−4 36

323.15 300 6.8× 10−4 36

323.15 405.3 4.64× 10−4 37

323.15 608.0 3.61× 10−4 37

323.15 1013.3 2.80× 10−4 37

343.15 50 6.60× 10−3 36

343.15 100 3.58× 10−3 36

343.15 150 2.57× 10−3 36

343.15 200 2.07× 10−3 36

343.15 250 1.77× 10−3 36

343.15 300 1.57× 10−3 36

366.45 13.8 3.86× 10−3 35

366.45 31.0 2.64× 10−3 35

366.45 65.5 1.32× 10−3 35

366.45 137.9 6.68× 10−3 35

366.48 3.4 2.47× 10−1 30

366.48 13.8 5.54× 10−2 32

366.48 13.8 5.86× 10−2 30

366.48 27.6 3.08× 10−2 32

366.48 31.0 2.64× 10−2 30

366.48 55.2 1.63× 10−2 32

Continued on next page
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T /[K] P /[bar] yH2O Ref.
366.48 65.5 1.32× 10−2 30

366.48 110.3 6.51× 10−3 32

366.48 137.9 6.68× 10−3 30

422.04 31.0 1.570× 10−1 30

422.04 65.5 7.53× 10−2 30

422.04 103.4 5.13× 10−2 30

423.15 50 1.06× 10−1 36

423.15 100 6.00× 10−2 36

423.15 150 4.40× 10−2 36

423.15 200 3.60× 10−2 36

423.15 250 3.12× 10−2 36

423.15 300 2.83× 10−2 36

448.15 50 2.06× 10−1 36

448.15 100 1.21× 10−1 36

448.15 150 9.27× 10−2 36

448.15 200 7.80× 10−2 36

448.15 250 6.88× 10−2 36

448.15 300 6.23× 10−2 36

473.15 50 2.66× 10−1 36

473.15 100 1.48× 10−1 36

473.15 150 1.08× 10−1 36

473.15 200 8.8× 10−2 36

473.15 250 7.6× 10−2 36

473.15 300 6.9× 10−2 36

477.59 27.6 6.34× 10−1 32

477.59 31.0 5.55× 10−1 30

477.59 55.2 3.26× 10−1 32

477.59 65.5 2.85× 10−1 30

477.59 103.4 1.88× 10−1 30

477.59 110.3 1.72× 10−1 32

498.15 50 5.54× 10−1 36

498.15 100 3.22× 10−1 36

498.15 150 2.44× 10−1 36

498.15 200 2.08× 10−1 36

498.15 250 1.83× 10−1 36

498.15 300 1.67× 10−1 36

523.15 50 8.26× 10−1 36

523.15 100 4.96× 10−1 36

523.15 150 3.83× 10−1 36

523.15 200 3.27× 10−1 36

523.15 250 2.94× 10−1 36

523.15 300 2.71× 10−1 36

548.15 100 6.86× 10−1 36

Continued on next page
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T /[K] P /[bar] yH2O Ref.
548.15 150 5.36× 10−1 36

548.15 200 4.61× 10−1 36

548.15 250 4.16× 10−1 36

548.15 300 3.86× 10−1 36

573.15 100 9.00× 10−1 36

573.15 150 7.22× 10−1 36

573.15 200 6.33× 10−1 36

573.15 250 5.82× 10−1 36

573.15 300 5.51× 10−1 36

574.81 110.3 8.45× 10−1 32

588.7 110.3 9.67× 10−1 32

588.71 137.9 8.10× 10−1 30
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Table S7: Computed compositions of H2O− H2 mixtures at coexistence using MC simulations.
xH2 is the mole fraction of hydrogen in the liquid phase, yH2O is the mole fraction of water in
the gas phase. The H2O− H2 mixture is defined by the TIP3P13-Marx22 force fields. The
simulation techniques are described in the main text. σx is the uncertainty of x.

T/[K] P/[bar] xH2/[−] σxH2
yH2O/[−] σyH2O Sim. Tech.

283 10 1.510× 10−4 9× 10−7 1.8× 10−3 1× 10−4 CFCNPT
283 50 7.48× 10−4 6× 10−6 3.7× 10−4 3× 10−5 CFCNPT
283 80 1.174× 10−3 8× 10−6 2.4× 10−4 2× 10−5 CFCNPT
283 100 1.47× 10−3 1× 10−5 2.0× 10−4 1× 10−5 CFCNPT
283 300 4.28× 10−3 4× 10−5 7.3× 10−5 5× 10−6 CFCNPT
283 500 6.79× 10−3 7× 10−5 4.8× 10−5 4× 10−6 CFCNPT
283 800 9.51× 10−3 9× 10−5 3.5× 10−5 2× 10−6 CFCNPT
283 1000 1.162× 10−2 9× 10−5 2.9× 10−5 4× 10−6 CFCNPT
310 10 1.6× 10−4 2× 10−5 9.3× 10−3 8× 10−4 GE
310 50 8.1× 10−4 8× 10−5 2.3× 10−3 4× 10−4 GE
310 80 1.29× 10−3 9× 10−5 1.3× 10−3 5× 10−4 GE
310 100 1.6× 10−3 1× 10−4 1.2× 10−3 3× 10−4 GE
310 100 1.64× 10−3 2× 10−5 9.8× 10−4 7× 10−5 CFCNPT
310 300 4.59× 10−3 9× 10−5 3.5× 10−4 4× 10−5 CFCNPT
310 500 7.3× 10−3 1× 10−4 2.4× 10−4 5× 10−5 CFCNPT
310 800 1.08× 10−2 2× 10−4 1.7× 10−4 4× 10−5 CFCNPT
310 1000 1.31× 10−2 2× 10−4 1.4× 10−4 5× 10−5 CFCNPT
323 10 1.7× 10−4 1× 10−5 1.74× 10−2 1× 10−3 GE
323 50 8.8× 10−4 7× 10−5 3.57× 10−3 7× 10−4 GE
323 80 1.4× 10−3 1× 10−4 2.35× 10−3 6× 10−4 GE
323 100 1.7× 10−3 1× 10−4 2.00× 10−3 4× 10−4 GE
323 300 4.8× 10−3 4× 10−4 6.89× 10−4 2× 10−4 GE
323 500 7.6× 10−3 6× 10−4 4.45× 10−4 2× 10−4 GE
323 800 1.14× 10−2 8× 10−4 3.12× 10−4 1× 10−4 GE
323 1000 1.4× 10−2 1× 10−3 3.04× 10−4 1× 10−4 GE
323 100 1.72× 10−3 2× 10−5 1.8× 10−3 1× 10−4 CFCNPT
323 300 4.90× 10−3 5× 10−5 6.4× 10−4 8× 10−5 CFCNPT
323 500 7.7× 10−3 1× 10−4 4.2× 10−4 7× 10−5 CFCNPT
323 800 1.15× 10−2 3× 10−4 3.1× 10−4 6× 10−5 CFCNPT
323 1000 1.35× 10−2 2× 10−4 2.6× 10−4 6× 10−5 CFCNPT
366 10 2.1× 10−4 1× 10−5 1.08× 10−1 7× 10−3 GE
366 50 1.16× 10−3 5× 10−5 2.2× 10−2 2× 10−3 GE
366 80 1.86× 10−3 8× 10−5 1.41× 10−1 9× 10−4 GE
366 100 2.28× 10−3 8× 10−5 1.14× 10−1 6× 10−4 GE
366 300 6.4× 10−3 3× 10−4 4.2× 10−1 5× 10−4 GE
366 500 1.03× 10−2 6× 10−4 2.7× 10−1 4× 10−4 GE
366 800 1.49× 10−2 7× 10−4 1.8× 10−1 4× 10−4 GE

Continued on next page
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T/[K] P/[bar] xH2/[−] σxH2
yH2O/[−] σyH2O Sim. Tech.

366 1000 1.80× 10−2 9× 10−4 1.4× 10−1 4× 10−4 GE
423 50 1.70× 10−3 5× 10−5 1.38× 10−1 6× 10−3 GE
423 80 2.85× 10−3 9× 10−5 8.6× 10−2 4× 10−3 GE
423 100 3.5× 10−3 1× 10−4 7.2× 10−2 3× 10−3 GE
423 300 1.03× 10−2 4× 10−4 2.5× 10−2 1× 10−3 GE
423 500 1.62× 10−2 6× 10−4 1.58× 10−2 8× 10−4 GE
423 800 2.35× 10−2 9× 10−4 1.02× 10−2 5× 10−4 GE
423 1000 2.8× 10−2 1× 10−3 8.2× 10−3 6× 10−4 GE

S20



Table S8: Computed compositions of H2O− H2 mixtures at coexistence using MC simulations.
xH2 is the mole fraction of hydrogen in the liquid phase, yH2O is the mole fraction of water in
the gas phase. The H2O− H2 mixture is defined by the TIP4P/200516-Marx22 force fields.
σx is the uncertainty of x.

T/[K] P/[bar] xH2/[−] σxH2
yH2O/[−] σyH2O Sim. Tech.

323 10 1.2× 10−4 1× 10−5 3.6× 10−3 6× 10−4 GE
323 50 5.9× 10−4 9× 10−5 9× 10−4 5× 10−4 GE
323 80 9.1× 10−4 9× 10−5 6× 10−4 4× 10−4 GE
323 100 1.2× 10−3 1× 10−4 5× 10−4 4× 10−4 GE
323 300 3.3× 10−3 4× 10−4 2× 10−4 1× 10−4 GE
323 500 5.3× 10−3 5× 10−4 1× 10−4 1× 10−4 GE
323 800 8.0× 10−3 1× 10−3 1× 10−4 1× 10−4 GE
323 1000 1.0× 10−4 1× 10−3 8× 10−5 1× 10−4 GE
366 10 1.3× 10−4 1× 10−5 2.8× 10−2 2× 10−3 GE
366 50 6.6× 10−4 4× 10−5 5.8× 10−3 5× 10−4 GE
366 80 1.0× 10−3 6× 10−5 3.8× 10−3 5× 10−4 GE
366 100 1.27× 10−3 8× 10−5 3.3× 10−3 5× 10−4 GE
366 300 3.6× 10−3 3× 10−4 1.2× 10−3 5× 10−4 GE
366 500 5.9× 10−3 6× 10−4 9× 10−4 4× 10−4 GE
366 800 8.7× 10−3 8× 10−4 5× 10−4 3× 10−4 GE
366 1000 1.02× 10−2 8× 10−4 4× 10−4 2× 10−4 GE
423 50 8.4× 10−4 4× 10−5 4.5× 10−2 2× 10−3 GE
423 80 1.37× 10−3 6× 10−5 2.8× 10−2 2× 10−3 GE
423 100 1.73× 10−3 8× 10−5 2.3× 10−2 1× 10−3 GE
423 300 4.9× 10−3 2× 10−4 8.0× 10−3 6× 10−4 GE
423 500 7.8× 10−3 4× 10−4 5.0× 10−3 5× 10−4 GE
423 800 1.18× 10−2 5× 10−4 3.3× 10−3 4× 10−4 GE
423 1000 1.41× 10−2 8× 10−4 2.8× 10−3 4× 10−4 GE
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Table S9: Computed compositions of H2O− H2 mixtures at coexistence using MC simulations.
xH2 is the mole fraction of hydrogen in the liquid phase, yH2O is the mole fraction of water in
the gas phase. The H2O− H2 mixture is defined by the TIP5P/Ew9-Marx22 force fields. σx
is the uncertainty of x.

T/[K] P/[bar] xH2/[−] σxH2
yH2O/[−] σyH2O Sim. Tech.

323 10 1.67× 10−4 8× 10−6 2.9× 10−2 2× 10−3 GE
323 50 8.5× 10−4 6× 10−5 6× 10−3 1× 10−3 GE
323 100 1.7× 10−3 1× 10−4 3.0× 10−3 6× 10−4 GE
323 300 4.9× 10−3 4× 10−4 1.4× 10−3 5× 10−4 GE
323 500 7.9× 10−3 8× 10−4 8× 10−4 4× 10−4 GE
323 800 1.2× 10−2 1× 10−3 6× 10−4 3× 10−4 GE
366 10 1.9× 10−4 1× 10−5 1.75× 10−1 7× 10−3 GE
366 50 2.34× 10−3 7× 10−5 2.27× 10−2 9× 10−4 GE
366 100 2.12× 10−3 9× 10−5 1.9× 10−2 1× 10−3 GE
366 300 6.1× 10−3 3× 10−4 6.8× 10−3 5× 10−4 GE
366 500 9.7× 10−3 5× 10−4 4.4× 10−3 4× 10−4 GE
366 800 1.42× 10−2 5× 10−4 2.9× 10−3 4× 10−4 GE
366 1000 1.73× 10−2 9× 10−4 2.4× 10−3 4× 10−4 GE
423 50 1.64× 10−3 6× 10−5 2.2× 10−1 1× 10−2 GE
423 100 3.6× 10−3 1× 10−4 1.14× 10−1 5× 10−3 GE
423 300 1.05× 10−2 3× 10−4 4.1× 10−2 2× 10−3 GE
423 500 1.65× 10−2 5× 10−4 2.6× 10−2 1× 10−3 GE
423 800 2.40× 10−2 8× 10−4 1.7× 10−2 1× 10−3 GE
423 1000 2.8× 10−2 1× 10−3 1.41× 10−2 7× 10−4 GE
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Table S10: Parameters used for equation of state modeling: critical temperatures (Tc),
pressures (Pc), and acentric factors (ω) the components at the standard reference state (1
bar).38–40

Component Tc /[K] Pc /[Pa] ω

H2 33.14 1296400 -0.219
H2O 647.1 22064000 0.3443
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Figure S1: P -x-y phase diagrams of water-hydrogen (TIP3P13-Marx22) at pressures between
10 and 1000 bar and temperatures: (a) T=423 K, (b) T=366 K, (c) T=323 K, (d) T=310
K, (e) T=283 K. Dew points are denoted with circles and bubble points are denoted with
triangles.
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