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Figure S1. The average current blockades induced by ssDNA transport though 
nanopores with different proportion of Mo atoms to S atoms at the nanopore boundary. 
For each nanopore, the current blockade was averaged over the current blockades 
obtained from five independent simulations. Error bars represent the standard errors.



Method: Calculations of the local density of MoS2 and local flux of ions.

The calculations of local densities of MoS2 and the fluxes of ions were performed on 

a 50 × 50 × 76 cubic grid using the method described by Göpfrich, et al.1 and Li, et 

al.2. The change in the coordinates (r) of the ion i between consecutive frames is 

, where △t is the time ( / 2) ( ( / 2), ( / 2), ( / 2))i i i ir t t x t t y t t z t t            

interval between the two consecutive frames of the trajectory. To compute local 

fluxes, a regular orthogonal Nx*Ny*Nz grid was used to divide the simulation box into 

Nx*Ny*Nz rectangular blocks with identical dimensions lx=Lx/Nx, ly=Ly/Ny and lz=Lz/Nz 

(where Lx, Ly and Lz are the side lengths of the box). A set of indices (l,m,n) indicates 

the position of each block in x, y and z directions.  To compute the contribution of 

displacement vector of ion i, △ri(t+△t), to the local flux through each block, the ion 

was assumed to move from ri(t) to ri(t+△t) along a straight line. Then, the fraction of 

the displacement vector in each of the NxNyNz blocks was determined, fi,(l,m,n)( t+△t) 

such that . Finally, we defined the components of the ,( , , ) ( / 2) 1i l m nl m n
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instantaneous local flux per unit area of a chosen species in block (l,m,n) as 
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where N0 is the total number of ions of a given species. By averaging the equations 

above over the production MD trajectories, the mean local flux vector field was 

calculated. And we also averaged the 3D vector filed over the y axis to visualize the 

mean 3D flux field using a 2D plot. By using the streamplot function of the matplotlib 



library, the resulting 2D vector field was converted to streamline plots. The method is 

put in our supplementary information and we also make it clear in the caption of 

Figure 3a that how we calculate the local densities of MoS2 and the flux of ions. 

Details of the highlighting and track changes could be seen in the caption of Figure 3 

and the supplementary information of the revised manuscript.
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Figure S2. The 2D illustration of Cl- flux (left), K+ flux (middle) and water flux (right) 
through the nanopore with only Mo atoms at the nanopore boundary. A +300 mV was 
applied across the nanopore.
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Figure S3. The 2D illustration of Cl- flux (left), K+ flux (middle) and water flux (right) 
through the nanopore with Mo/S equal to 0.47 at the nanopore boundary. A +300 mV 
was applied across the nanopore.
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Figure S4. The 2D illustration of Cl- flux (left), K+ flux (middle) and water flux (right) 
through the nanopore with Mo/S equal to 0.27 at the nanopore boundary. A +300 mV 
was applied across the nanopore.
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Figure S5. The 2D illustration of Cl- flux (left), K+ flux (middle) and water flux (right) 
through the nanopore with Mo/S equal to 0.08 at the nanopore boundary. A +300 mV 
was applied across the nanopore.
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Figure S6. The 2D illustration of Cl- flux (left), K+ flux (middle) and water flux (right) 
through the nanopore with only S atoms at the nanopore boundary. A +300 mV was 
applied across the nanopore.
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Figure S7. The integrated number of permeated ions and water molecules through the 
nanopores with only Mo atoms (A), Mo/S equal to 0.47 (B), 0.27 (C), 0.17 (D), 0.08 
(E) and only S atoms (F) at the nanopore boundary. Positive (or negative) values 
indicate that the ions or water molecules moves in the same (or opposite) direction as 
the applied electric field. A +300 mV were applied across the nanopores.
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Figure S8. Amplitude of the ion flux (panel A) and water flux (panel B) through the 3 
nm MoS2 nanopore with only S atoms at the nanopore boundary.
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Figure S9. Amplitude of the ion flux (panel A) and water flux (panel B) through 
different diameter MoS2 nanopores with only S atoms at the nanopore boundary. A 
+300 mV bias voltage was applied across the nanopores.
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Figure S10. The 2D illustration of Cl- flux (left), K+ flux (middle) and water flux 
(right) through the 1.56 nm MoS2 nanopore with only S atoms at the nanopore 
boundary. A +300 mV was applied across the nanopore.
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Figure S11. The 2D illustration of Cl- flux (left), K+ flux (middle) and water flux 
(right) through the 5 nm MoS2 nanopore with only S atoms at the nanopore boundary. 
A +300 mV was applied across the nanopore.



-4.0       0.0        4.0 
x (nm)

z (
nm

)
-6

.0
  -

4.
0 

 -2
.0

   0
.0

    
2.

0 
  4

.0
   

6.
0

0.
0

-4.0       0.0       4.0 -4.0       0.0       4.0

Number density of MoS2 (nm-3)Flux (nm-2 *ns-1)

0.
8

1.
6

0.
0

3.
5

7.
0

10
.0

35
.0

60
.0

0.
0

21
.0

42
.0

Figure S12. The 2D illustration of Cl- flux (left), K+ flux (middle) and water flux 
(right) through the 7 nm MoS2 nanopore with only S atoms at the nanopore boundary. 
A +300 mV was applied across the nanopore.
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