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Force field parameters (Tables S1 - S3); Additional info on MD and CFCMC simulations

(Tables S4 - S5); Raw data of MD simulations for self-diffusivities (Tables S6); Raw data

of CFCMC simulations (Table S7); Densities of aqueous NaB(OH)4 solutions using differ-

ent B(OH)–
4 force fields (Figure S1); Densities of aqueous NaB(OH)4 solutions using the

TIP4P/µ force field of water (Figure S2); Viscosities of pure water (Figure S3); Finite-size

effects of computed electrical conductivities (Figure S4).
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Table S1: Force field parameters for TIP4P/20051 and TIP4P/µ developed in the Supporting
Information of Ref.2 σ and ϵ are the Lennard-Jones parameters, q is the atomic partial charge,
and l is the bond length. σ and l are in units of Å, ϵ is in units of kJ/mol, and q is in units
of the elementary charge e. In the TIP4P/20051 force field, the charge on O is on a massless
site M.

TIP4P/20051 TIP4P/µ2

H− Ô− H(o) 104.52 104.52
lO−H 0.9572 0.9572
lO−M 0.1546 0.1546
σOO 3.1589 3.1589
σHH 0 0
ϵOO 0.774908 0.663989
ϵHH 0 0
qO 0 0
qM −1.1128 −1.06272
qH 0.5564 0.53136

Table S2: Force field parameters for three-site Marx3 hydrogen. σ and ϵ are the Lennard-
Jones parameters, q is the atomic partial charge, dummy site L is the geometric center of
mass, and l is the bond length. σ and l are in units of Å, ϵ is in units of kJ/mol, and q is in
units of the elementary charge e.

σLL 2.958
ϵLL 0.305141
qH 0.468
qL −0.936
lH−H 0.74

Table S3: Parameters for the Madrid-Transport4,5 and Madrid-20196 force fields of Na+. σ
and ϵ are the Lennard-Jones parameters and q is the atomic partial charge. O refers to the
O-atom of water. σ is units of Å, ϵ is in units of kJ/mol, and q is in units of the elementary
charge e.

Madrid-Transport Madrid-2019
σNa+Na+ 2.21737 2.21737
σNa+O 2.38725 2.60838
ϵNa+Na+ 1.472356 1.472356
ϵNa+O 0.793388 0.793388
qNa+ 0.75 0.85

S3



Table S4: The numbers of water molecules or ions (N) used in the MD simulations to
compute densities, viscosities, and self-diffusivities of H2, Na+, and B(OH) –

4 in aqueous
NaB(OH)4 solutions. m is in units of mol NaB(OH)4/kg water. To obtain self-diffusivities
of H2, 2 H2 molecules are used at molalities of 1, 3, and 5 mol NaB(OH)4/kg water. The
simulations at 0.5 and 4 mol NaB(OH)4/kg water are only carried out for computing ionic
conductivities. For each molality, the same numbers of molecules and ions are used for all
temperatures. The average box volume (⟨V ⟩) in units of Å3 is shown for each molality at
298 K and 1 bar.

m NH2O NNa+ NB(OH) −
4

⟨V ⟩
0.5 1000 9 9 30458
1.00 1000 18 18 30924
3.00 1000 54 54 32828
4.00 1000 72 72 33805
5.00 1000 90 90 34798

Table S5: The numbers of water molecules or ions (N) used in Continuous Fractional Com-
ponent Monte Carlo (CFCMC)7–9 simulations to compute activities of water and solubilities
of H2 in aqueous NaB(OH)4 solutions. m is in units of mol NaB(OH)4/kg water. For each
molality, the same numbers of molecules and ions are used for all temperatures. In every
simulation, a single fractional molecule of H2 used. The average box volume (⟨V ⟩) in units
of Å3 is shown for each molality at 298 K and 1 bar.

m NH2O NNa+ NB(OH) −
4

⟨V ⟩
0 300 0 0 9041

0.93 300 5 5 9293
2.96 300 16 16 9874
5.00 300 27 27 10481
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Table S7: Results of Continuous Fractional Component Monte Carlo (CFCMC) simulations
to compute solubilities of H2 and activities of water in aqueous NaB(OH)4 solutions using
the DFF/B(OH) –

4 model developed in this work (see Table 1 of the main text), combined
with the Na+ model of Madrid-2019,6 the TIP4P/20051 H2O force field, and the Marx3 H2

force field. T is in units of K, m is in units of mol NaB(OH)4/kg water, and C is in units
of mol NaB(OH)4/L solution. µex,w and µex,H2

are the excess chemical potentials of water
and H2 (ideal gas reference state), respectively, and are in units of kBT . aw is the activity of
water (dimensionless) and is computed by multiplying the activity coefficient of water (γw)
with the mole fraction of water (xw). xH2

is the solubility (mole fraction) of H2 in units of
10−5 at a H2 partial pressure of 1 bar. σx is the standard deviation of quantity x. Rahbari
et al. 12 have computed a chemical potential of −10.86±0.14 kBT , (ideal gas reference state)
for the TIP4P/2005 water force field1 at 323 K and 100 bar (Table S4 of Ref.12). This agrees
with the excess chemical potential obtained at 323 K and 1 bar in this work (−10.71± 0.01
kBT ) (ideal gas reference state) considering the differences in pressure.

T m C µex,w σµex,w aw σaw µex,H2
σµex,H2

xH2
σH2

298 0.00 0.00 -12.21 0.03 1.00 0.00 4.04 0.01 1.29 0.01
298 0.93 0.89 -12.21 0.01 0.97 0.04 4.26 0.02 1.05 0.02
298 2.96 2.69 -12.24 0.02 0.89 0.05 4.69 0.01 0.70 0.01
298 5.00 4.27 -12.34 0.03 0.76 0.04 5.07 0.03 0.49 0.01
323 0.00 0.00 -10.71 0.01 1.00 0.00 4.04 0.01 1.20 0.00
323 0.93 0.88 -10.72 0.01 0.96 0.02 4.21 0.01 1.03 0.01
323 2.96 2.65 -10.76 0.01 0.87 0.01 4.56 0.01 0.75 0.01
323 5.00 4.20 -10.83 0.01 0.76 0.02 4.90 0.01 0.55 0.01
353 0.00 0.00 -9.27 0.01 1.00 0.00 3.93 0.01 1.25 0.01
353 0.93 0.87 -9.28 0.01 0.96 0.01 4.06 0.01 1.11 0.01
353 2.96 2.59 -9.32 0.01 0.86 0.01 4.36 0.01 0.85 0.01
353 5.00 4.10 -9.40 0.02 0.75 0.01 4.63 0.01 0.67 0.01
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(a)

(b)

Figure S1: Percentage deviation of computed densities from experimental densities at a
molality of 5 mole NaB(OH)4/kg water at 298 K and 1 bar for ca. 900 different models
of B(OH) –

4 with varying OH charges (qOH), and Lennard-Jones parameters. σ(OH)(OH) is
the LJ size parameter for OH-OH interactions. ϵ(OH)(OH) is the LJ energy parameter for
OH-OH interactions. For all other LJ interactions, the Lorentz-Berthelot mixing rules13,14

are used. The total charge of B(OH) –
4 equals qB(OH)4

= qB + 4 × qOH, where qB is the
charge on the B atom. The charge qOH is varied from -0.95e to -0.50e in steps of 0.05e. The
ab-initio simulations of Zhou et al. 15 suggest a charge of ca. 0.55 e on the OH group of
aqueous B(OH) –

4 . A larger qOH range is considered, as the charge distribution is viewed
as an additional degree of freedom to obtain accurate densities and viscosities of aqueous
NaB(OH)4 solutions. σ(OH)(OH) is varied from 2.5 Å to 3.5 Å in steps of 0.1 Å and ϵ(OH)(OH)/kB
is varied from ca. 25 K to 200 K in steps of 25 K. Both ranges are consistent with the B(OH) –

4
model developed by Zhou et al. 15 and the atomistic Delft Force Field of OH– (DFF/OH– )
developed in our previous work.5 In (a), qB(OH)4

= −0.85 [e] and the model is combined
with the Madrid-2019 Na+ model6 (qNa = +0.85 [e]). In (b), qB(OH)4

= −0.75 [e] and the
model is combined with the Madrid-Transport Na+ model4 (qNa = +0.75 [e]). Based on
these simulations, four different models are probed and listed in Table 1 of the main text to
compute viscosities of aqueous NaB(OH)4 solutions.
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Figure S2: Computed densities of aqueous NaB(OH)4 solutions using the DFF/B(OH) –
4

force field developed in this work combined with the Madrid-2019 Na+ force field6 at 298 K
and 1 bar. Two different water force fields are considered to test the transferability of the
DFF/B(OH) –

4 force field, namely the TIP4P/20051 and the modified TIP4P/2005 (here
denoted by TIP4P/µ) of Rahbari et al. 2 , which can accurately capture the saturated vapor
pressure of water. The experimental correlation for the densities of aqueous NaB(OH)4 at
298 K by Zhou et al. 16 is shown as a solid line. It can be seen that for both water force fields,
accurate densities of aqueous NaB(OH)4 solutions can be obtained using the DFF/B(OH) –

4
and Madrid-2019 Na+ force fields.
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Figure S3: Computed viscosities of pure TIP4P/20051 using MD simulations for a temper-
ature range of 298-363 K at 1 bar. The dynamic viscosities computed in this work are com-
pared to other works of González and Abascal 17 and Fanourgakis et al. 18 for TIP4P/2005.1
The results of this work are in quantitative agreement with these works. The blue solid line
is based on the experimental correlation of Olsson et al. 19 for pure water and the red solid
line is viscosity correlation expressed in Eq. 9 of the main text at a NaB(OH)4 molality of
zero.
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Figure S4: Computed electrical conductivities (κ) of aqueous NaB(OH)4 as functions of
(a) the reciprocal simulation cell box-size (L−1) and (b) molality (m) in units of mol
NaB(OH)4/kg water at 298 K and 1 bar. The electrical conductivities are computed from
MD simulations using the DFF/B(OH) –

4 model (see Table 1 of the main text) combined
with the TIP4P/20051 water and Madrid-20196 Na+ force fields. In (a), the exact ionic con-
ductivities (Eq. 1 of the main text) are computed for three different systems with 555, 1000,
and 2000 water molecules for molalities (m) of 1 and 5 mol NaB(OH)4/kg water, respec-
tively. For simulations with 1 mol NaB(OH)4/kg water, 10, 18 and 36 NaB(OH)4 molecules
are used for systems of 555, 1000, and 2000 water molecules, respectively. For simulations
with 5 mol NaB(OH)4/kg water, 50, 90 and 180 NaB(OH)4 molecules are used for systems
of 555, 1000, and 2000 water molecules, respectively. For both concentrations, the finite-size
effects are within the error bars (ca. 10%). In (b), the electrical conductivities are computed
using the exact expression (Eq. 1 of the main text) and the Nernst-Einstein expression (Eq.
2 of the main text) and compared to the experimental conductivities of Zhou et al. 16 (dashed
lines). In (b), the Nernst-Einstein expression is evaluated using ion diffusivities, which are
either corrected for finite-size effects using the Yeh-Hummer equation10,11 (Nernst-Einstein
with YH) or uncorrected (Nernst-Einstein without YH). At the limit of m → 0 the exact
expression and NE expression without Yeh-hummer correction are equal by definition.
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