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Figure S1: The effect of the number of solutes in the computation of intra-diffusivity of H2

and O2 in H2O at 298.15 K and 0.1 MPa. The number of H2O molecules used is 1,000. The
Buch,1 Bohn2 and TIP4P/20053 force fields are used for H2, O2 and H2O, respectively.
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Figure S2: Finite-size dependence of the intra-diffusion coefficients of H2 in (a) liquid in liquid
H2O (298.15 K and 0.1 MPa), (b) vapor H2O (873.15 K and 5 MPa) and (c) supercritical
H2O (873.15 K and 30 MPa). The Bohn2 and TIP4P/20053 force fields are used for H2 and
H2O, respectively. L is the simulation box size. For the liquid phase (a), simulations using
1,000, 2,000 and 4,000 H2O molecules were used, while for the vapor (b) and supercritical
(c) phases, 400, 700 and 1,000 H2O molecules were used. The green symbols represent
the diffusivities computed in MD simulations. The orange symbols represent the corrected
for system-size effects diffusivities using the Yeh-Hummer correction.4–7 The green line is a
linear fit to the MD data and the orange line is the intra-diffusivity extrapolated at infinite
system size based on the linear fit to the MD data. The error bars shown in (b) and (c) are
in the order of 10% which is larger than the scale of the figure (chosen to clearly show the
system-size dependency of Di).
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Figure S3: Arrhenius-type plots of the computed intra-diffusion coefficients of (a) O2 in
H2O and (b) pure H2O. The Bohn2 and TIP4P/20053 force fields are used for O2 and H2O,
respectively. The intra-diffusion coefficients are corrected for system-size effects using the
Yeh-Hummer correction.4–7 The error bars have been omitted for clarity. All raw MD data
shown here along with the respective uncertainties are listed in Tables 8 (O2 in H2O) and 9
(pure H2O) of the main manuscript.
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Figure S4: The (a) density and (b) shear viscosity of pure H2O computed with the
TIP4P/20053 force field. The lines denote data from NIST.8 The error bars are smaller
than the symbol size. The symbols denoting the different pressures are the same in (a) and
(b). All MD raw data shown here along with the respective uncertainties are listed in Tables
S6 (density) and S7 (shear viscosity).

S5



Table S1: Parameters for the TIP4P/20053 water force field.

H-Ô-H (o) 104.52
lO-H / [Å] 0.9572
σOO / [Å] 3.1589
σHH / [Å] 0
εOO/kB / [K] 93.2
εHH/kB / [K] 0
qO / [e] -1.1128
qH / [e] 0.5564

Table S2: Force field parameters for the hydrogen models used in this study. ε and σ are the
Lennard-Jones parameters, q is the atomic partial charge, dummy site L is the geometric
center of mass for the Marx and Silvera-Goldman models. The H-H bond length of the
two-site and three-site force fields is 0.74 Å.

Buch1 Hirschfelder9 Vrabec10 Cracknell11 Marx12 Silvera-Goldman13

εHH/kB/[K] 34.2 38 25.84 12.5
σHH / [Å] 2.96 2.915 3.0366 2.59
qH / [e] 0.468 0.4932
qL / [e] -0.936 -0.9864
εLL/kB/[K] 36.7 34.27
σLL / [Å] 2.958 3.038

Table S3: Force field parameters for the oxygen models used in this study. ε and σ are the
Lennard-Jones parameters, q is the atomic partial charge, dummy site L is the geometric
center of mass for the Hansen and Vrabec and Watanabe models. The O-O bond length of
the two-site and three-site force fields is denoted as dOO.

Bohn2 Miyano14 Coon15 Hansen16 Vrabec17 Watanabe18

εOO/kB/[K] 37.99 48.31 44.59
σOO / [Å] 3.2104 3.03 3.09
qO / [e] 0.246 0.714 0.224
qL / [e] -0.123 -0.357 -0.112
εLL/kB/[K] 49.06 43.18 54.35
σLL / [Å] 3.013 3.106 3.05
dOO / [Å] 0.605 0.485 0.605
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Table S4: The density of pure H2 computed using different force fields for various temper-
atures and pressures. T is in units of K, P in MPa, and ρ in Kg m−3. All densities have
uncertainties in the range of 0.1 − 1%.

Buch
P / T 250 500 750 1000
0.1 0.098 0.049 0.033 0.025
7.5 6.966 3.577 2.411 1.811
15 13.411 6.946 4.747 3.585
30 24.460 13.190 9.202 6.839

Cracknell
P / T 250 500 750 1000
0.1 0.093 0.050 0.034 0.026
7.5 6.833 3.635 2.437 1.771
15 13.630 7.022 4.661 3.574
30 25.689 13.277 9.295 7.040

Vrabec
P / T 250 500 750 1000
0.1 0.097 0.049 0.033 0.025
7.5 6.828 3.631 2.412 1.817
15 13.235 6.890 4.724 3.554
30 23.480 13.036 8.941 6.859

Hirschfelder
P / T 250 500 750 1000
0.1 0.099 0.049 0.033 0.024
7.5 7.004 3.564 2.418 1.805
15 13.513 7.023 4.758 3.617
30 25.140 13.222 9.116 6.960

Marx
P / T 250 500 750 1000
0.1 0.096 0.048 0.031 0.024
7.5 7.075 3.576 2.397 1.769
15 13.259 6.926 4.699 3.567
30 24.293 13.257 9.045 6.953

Silvera-Goldman
P / T 250 500 750 1000
0.1 0.095 0.048 0.032 0.023
7.5 7.070 3.605 2.406 1.838
15 13.296 6.851 4.774 3.604
30 23.697 13.296 8.912 6.881

NIST8

P / T 250 500 750 1000
0.1 0.096 0.048 0.032 0.024
7.5 6.928 3.533 2.378 1.792
15 13.186 6.869 4.665 3.534
30 23.902 13.015 8.992 6.878
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Table S5: The density of pure O2 computed using different force fields for various temper-
atures and pressures. T is in units of K, P in MPa, and ρ in Kg m−3. All densities have
uncertainties in the range of 0.1 − 1%. The values from NIST8 are shown for comparison.

T P
ρ

Bohn Miyano Coon Hansen Vrabec Watanabe NIST
200 0.1 1.920 1.913 1.918 1.930 1.947 1.954 1.956
350 0.1 1.091 1.090 1.090 1.110 1.130 1.120 1.114
600 0.1 0.675 0.676 0.675 0.657 0.667 0.647 0.650
1000 0.1 0.389 0.417 0.405 0.392 0.384 0.387 0.390
200 50 823.016 803.890 816.979 814.846 827.600 844.637 839.970
350 50 467.700 468.400 463.100 468.800 468.500 477.100 476.940
600 50 274.212 276.134 277.481 267.935 277.329 276.200 276.140
1000 50 172.961 167.161 169.034 169.535 170.193 171.291 171.190
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