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1.The definition of interlayer spacing and pore width

Interlayer
Spacing

The interlayer spacing (short for H) refers to the distance between the mass center
of the lower and upper S atoms in separate MoS; layers. The interlayer spacing of MoS,
nanosheets in our work was set to be 0.8 nm, 0.9 nm, 1.0 nm, 1.1 nm, and 1.3 nm.

The pore width refers to the distance by taking away the radius of S atoms (about
1.0 A, short for Rg) from the interlayer spacing (H). Hence, the pore width in our work
was 0.6 nm, 0.7 nm, 0.8 nm, 0.9 nm, and 1.1 nm, separately. In the revised manuscript,

pore width was used to describe and analyze relevant contents.
Pore width = H - 2R

2. The calculation of water flux rate and ions rejection rate

As shown in Fig. S2, a large number of water molecules pass through the
membrane at the beginning of the simulation. The amount of water molecules passing
through the membrane to the right side increases gradually as time goes on. The
trajectories of each simulation system were selected to analyze their water flux rate and

ions rejection rate after all the system are steady. The calculation formulas ! are listed

as follows:
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where N, and NV, are the number of water molecules passing through the right side
of the lamellar MoS, membrane at time ¢, and #,, respectively. Ty,o and T, represent
the number of water molecules and Na*/Cl- in the NaCl solution on the left side of the
MoS; at the initial time. The water flux was recalculated by dividing water flux rate to

the surface area of the membranes, the unit of water flux in the revised manuscript is



L-cm?2-h'l.

3. Supplementary Figures
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Fig. S1 The density distribution profiles for water molecules along y-direction in the MoS, membranes described by

model considered charge distribution with different pore width (0.6 nm-1.1 nm).
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Fig. S2 The number of water molecules transferred from NaCl solution to pure water in the MoS, membrane

described by model considered charge distribution under different pressures at different simulation time.
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Fig. S3 The distance between graphene-1 sheet and MoS, membrane versus simulation time under different external

pressures in the MoS, membrane described by model considered charge distribution.



At the beginning of the simulation, the distance between graphene-1 sheet and

MoS, nanosheets was about ~87 A, and it was about ~10 A at the end of the simulation.
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Fig. S4 The trajectories of the randomly selected (a) CI- ions and (b) Na* ions passing through the MoS, membrane

described by Heiranian’s model in the z-direction. Each membrane is between the two blue-dashed lines along z-

direction.
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Fig. S5 The change trends of ions rejection rate for Na* ions and Cl- ions in MoS, membranes with different atomic

charges under 50 MPa and 0.1 M feed solution.
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Fig. S6 Schematic diagram of the thermodynamic cycle used to calculate the binding free energy between Na*/Cl-

ions and MoS, nanosheets.






4. Supplementary Tables

Table. S1 The size of the simulation box for MoS, membranes with different pore width.

Pore width (nm) x-direction (nm) y-direction (nm) z-direction (nm)
0.6 7.1 6.7 46
0.7 7.1 7.3 46
0.8 7.1 7.9 46
0.9 7.1 8.5 46
1.1 7.1 9.7 46

Table. S2 The number of water molecules, Na*/CI- ions in the simulation system with different pore width.

The number of water  The number of water

Pore width The number of NaCl
molecules in feed molecules in
(nm) in the left box
solution permeate solution
0.6 10883 5334 98
0.7 11631 5840 106
0.8 12436 6198 112
0.9 13230 6612 120
1.1 15024 7318 135

Table. S3 LJ parameters and atomic charges employed in this work

Atoms 6 (nm) €/kg (kJ/mol) Charge
C? 0.385 0.439 0
S3.4 0.313 1.930 -0.367

Mo 34 0.420 0.056 0.734
(OE 0.315 0.636 -0.834
H> 0 0 0.417
Na® 0.243 0.196 1
Cl6 0.356 0.293 -1




Table. S4 The interaction energies of van der Waals interactions and electrostatic interactions between water

molecules and MoS, nanosheets in different models under 100 MPa.

Interaction energy between water molecules and MoS; nanosheets

System name van der Waals interactions electrostatic interactions
(kJ/mol) (kJ/mol)
Heiranian’s model -27324.1 £ 110 0
M-CA-1 -274452 £ 110 -3419.74 £ 14
M-CA-2 -27022.3 £ 77 -9758.38 £12

Model considered
-26624 + 160 -16155.2 £ 66

charge distribution

Table. S5 The interaction energies (including vdW/AG,  w, Coulomb/AG,,, and total/AGy;,, energies) of Na*/Cl- ions

in bulk water and in Heiranian’s model.

Interaction energies (kJ/mol)

System
vdW AG,;w  Coulomb AG,, Total AGping
in bulk water 1.57 - -407.33 - -405.76 -
Na® | in Heiranian’s
1.52 -0.05 -424.26 -16.93 -422.74 -16.98
model
in bulk water 1.07 - -363.37 - -362.30 -
Cl' | in Heiranian’s
-2.21 -3.28 -338.70 24.67 -340.91 21.39
model
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