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Note S4  Outflow Volume 

To make a comparison with the flow velocity calculated by averaging the velocity profiles along the 

z-axis, another calculation method for average flow velocity is introduced, annotated as v2. Due to the 

periodic condition, the model theoretically has an infinite-long flow path in y-direction, and the outflow 

water molecules at y = Ly are also the inflow water molecules at y = 0 in the next timestep. Therefore, we 

collect the unwrapped coordinates of water molecules during the sampling time to calculate the real 

displacements of them in y-direction. If the real displacement Δy of the water molecule satisfies n · Ly ≤ Δy 

< (n+1) · Ly (n is an integer), it implies that the water molecule has flowed through the whole pore volume 

in the simulation box for n times, which is equivalent of the situation that n water molecules have flowed 

through the pore volume in the simulation box for once. Under this premise, we can calculate the number 

of water molecules that have flowed through the pore volume in the simulation box at every timestep 

during the sampling time and treat them as bulk water with the mass density of 0.997 g/cm3, therefore, the 

outflow volume per area can also be determined, as shown in Fig. S3. 
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the hydrogen bonds with surface oxygen atoms. Within this range, the water oxygen atoms keep away 

from the bridging oxygen atoms because of van der Waals repulsion and prefer the sites in the cavity center 

(see the first image on the bottom row of Fig. S6). As the distance from the clay mineral surface increases 

and the van der Waals repulsion decays, the planar distribution of water oxygen atoms spread to the sites 

near the bridging oxygen atoms from the center of cavity (see the second image on the bottom row of Fig. 

S6). 

The second hydrogen atoms of water molecules are annularly distributed around the center of the 

hexagonal cavity (see the third image on the top row of Fig. S6) under the O-H bond-interaction between 

the second water hydrogen atoms and the water oxygen atoms below, which reside in the center of cavity 

as mentioned above. The water oxygen atoms at this height prefer sites near (but not above) the bridging 

oxygen atoms (see the third image on the bottom row of Fig. S6).  

As shown in Fig. S6, the water oxygen atoms within the range of 2.5 ~ 3 Å from the clay crystal layers 

locate near (but not above) the bridging oxygen atoms and the average coordinates of them in each area are 

close to the centroid of the area (Table S1). 

 

Table S1  Average plane coordinates of water oxygen atoms in each area and the coordinates of the 

centroid of the area. 

Area 
Average coordinates of Ow Centroid of the zone 

X (Å) Y (Å) X (Å) Y (Å) 
I 1.775±0.018 6.111±0.058 1.760 6.093 
II 3.496±0.011 6.122±0.054 3.520 6.093 
III 0.885±0.017 4.622±0.072 0.880 4.570 
IV 4.411±0.003 4.618±0.067 4.400 4.570 
V 1.732±0.060 3.067±0.008 1.760 3.047 
VI 3.548±0.065 3.049±0.021 3.520 3.047 

 

S5.2  Morphology 

The morphology of water molecule was described by three characteristic angles in this paper: (1) 

orientation angle α between the orientation vector of water molecule μ  and the positive direction of the 

z-axis; (2) interplanar angle β between the normal vector n  of the plane where the water molecule locates 
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The distribution profiles of α and β along the z-axis for h = 3.5 nm are taken as an example. The 

orientation angle α represents the degree of polarization of water molecule and its distribution profile is 

anti-symmetric about the center of the pore. As the distance away from the lower clay mineral surface 

increases, the average orientation angle α approximately decreases from 128° to 90° and the degree of 

polarization gradually recedes. In the Stern Layer, the degree of polarization is greatly affected by the clay 

crystal layers, thus, the angle α has a dominant reduction from 128° to 102°. In the Diffusion Layer, the 

degree of polarization of water molecules first increases then decreases due to the influence of cations. In 

the Bulk Region, the degree of polarization slowly decreases as the increase of the distance from the clay 

mineral surface. The distribution profile of the planar angle β remains constant along the z-axis and the 

average value of β approximately equals 90°, indicating that angle β is independent of the location of water 

molecules and it is evenly distributed between 60° and 120°. 
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