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The GO models were firstly subjected to energy minimization in Materials Studio 6.0.
The energy has been converged after 800 iterations in Fig. S1. And the most stable
orientation was achieved by the model of OPOP (or POPO).
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Fig. S1. Energy minimization of Janus GO models.

The radial distribution function [1] (RDF, equation S1) was used to analyze the
affinity of four Janus GO membranes to water molecules. The OPOP membrane
exhibited a slightly higher affinity toward water molecules, even though the difference
of RDF curves was unobvious because of the uniform oxidized degree. Additionally,
the first peak of four RDF in Fig. S2a is all around » = 0.45 nm, which is an indicator
of the first adsorption layer of water on GO surface. Water density contours on the
cross-section of GO membranes showed that there was a water sorption layer with a

thickness of 0.45 nm on the GO membrane, as shown in Fig. S2b.
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where 7 is the distance between atom species i and j, &V; is the number of atom i, and

Njj (r, r+ Ar) refers to the number of species j around i within a shell.
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Fig. S2. (a) Radial distribution functions of water around Janus GO membranes; (b) The water density

contours on the cross-section of GO membrane. The unit of density (Ny/uc) is 1/(1.25A%).
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Fig. S3. Density contours of water on GO membranes. The unit of density (Ny/uc) is 1/(1.25A%).

To understand the effect of the upper surface on water permeation, we calculated
water density counters on GO membranes. Clearly, water molecules were highly

assembled in pore’s territory in Fig. S3 due to the primary pathway of pore



penetration. Note that the hydrophilic upper surface was more likely to drag water in
pores [2] where the water density was relatively high (180-200 Nw/uc), as shown in
Fig. S3a and 3d. The partially oxidized channels promoted the pore-to-pore transport
with large vertical diffusion in the OPOP membrane. However, the pristine interlayer
in the OPPO membrane had the lowest vertical water diffusion coefficient in Fig. 4b.
So higher water flux in OPOP than in OPPO should be ascribed to the fast vertical

diffusion of water molecules in columnar pores.
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Fig. S4. MSD curves of water molecules accommodated in GO interlayers. (a) Lateral diffusion; (b)

Vertical diffusion.

Mean square displacements (MSD) of lateral and wvertical diffusions are
presented in Fig. S4. For the pristine channel built-in OPPO membrane, hydrophobic
carbons enchanted water to wander in the extended interlaminar pathway with little
resistance, resulting in the fastest lateral movement in Fig. S4a but the lowest vertical
movement in Fig. S4b. The interlaminar water movement would suffer more
resistance with the increased oxygen-containing groups [3]. Therefore, lateral MSD
values decreased as follows: MSDopro) > MSDoror) ® MSDrporoy > MSDroor)
in Fig. S4a. However, for the oxidized channel in the OPOP membrane, more
resistance generated in the interlaminar pathway that pushed water to select the other
approach to directly cross the membrane, namely, the pore-to-pore transport. The
tendency of lateral MSD went into sharp reverse in Fig. S4b. Especially during the
initial correlation time, the vertical movement through columnar pores was in the
order: MSDpoor) > MSDoror) > MSDwrporoy > MSDorro). Because the oxidized
channels stimulated pore-to-pore transport while restraining the extended interlaminar

movement. The increased functional groups needed more time to equilibrate the
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molecules, which might reduce the vertical water diffusion in the POOP membrane.
Additionally, more water was captured into the first pore by the oxidized upper
surface, which further accelerated the vertical diffusion of water in OPOP membrane.
As a result, with larger correlation time, the vertical movement through columnar
pores increased as follows: MSDorro) < MSDrporoy < MSDrpoor)y < MSD(opop).
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Fig. S5. Water accommodated in GO interlayers. (a) The mass density; (b) The water adsorption
amount. (Inset) Water adsorption region II with a thickness of 1.2 nm in the interlayer marked by the

yellow rectangle.

Two water layers were formed once the water entered into the interlayers (see
Fig. S5a), which thoroughly freed water’s diffusion. For the OPOP membrane, the
hydrophilic upper surface captured water into the interlayer [2], and then the partially
oxidized channel endowed water with fast vertical but slow lateral diffusion. As a
result, water molecules performed the pore-to-pore transport directly in the OPOP
membrane, as marked by the blue rectangle in Fig. S6a. So the OPOP membrane had
desirable microstructures to inspire a directed pore penetration for water molecules
and avoid the extended pathway in interlayers. With the fixed interlayer distance of
1.2 nm, the adsorption region II was marked by the yellow rectangle (Fig. S5b, inset).
The water adsorption amount in interlayer was calculated by the command “gmx
select” provided by Gromacs which could select the number of water atoms in
interlayers. As shown in Fig. S5b, the results showed that the water adsorption
amounts in these four interlayers were almost the same, implying the important effect

of the upper surface on preferential water adsorptions.



Fig. S6. Equilibrium snapshots of water in GO interlayers.

In GO interlayers, hydrogen bonds were also examined in Fig. S7 based on the
two geometrical criteria [4, 5]: (1) r(H--O) < 0.35 nm; (2) o(O-H:--O) < 30°. On
average, one water molecule formed about 3.2 hydrogen bonds in interlayers, which
was greater than that of feed tank (3.0), as shown in Fig. S7a. With more oxidized
regions, hydrogen bonds between the water and interlayer were easier to be formed, as
exhibited in Fig. S7b, resulting in a clear decreasing trend as follows: POOP >

POPO = OPOP > OPPO. These hydrogen bonds also affected water flux.
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Fig. S7. The average number of hydrogen bonds per water molecule in interlayers. (a) Water-water; (b)

Water-interlayers.

The potential of mean force (PMF) is a good way to study the permeation
behavior of water. It was calculated according to the following equation S2 [6,7],
where 7 is the temperature, R is the gas constant, and p(bulk) and p(z) refer to the
number density profiles of water in the bulk solution and perpendicular to the
interface, respectively. As presented in Fig. S8, water molecules crossed four Janus
GO membranes with two energy barriers. In detail, at the first saddle point, the
membranes with an oxidized upper surface (OPOP and OPPO) had a relatively lower

energy barrier for water permeating. It was the same at the second saddle point,



primarily because the oxidized upper surfaces had more attractive to water molecules
and generated low energy barrier for them to overwhelm. When two GO nanosheets
are supposed to be connected in series, the total energy barrier (E1+ Enp) is the sum of
each one. Absolutely, with double oxidized upper surfaces, the total energy barrier for

water crossing OPOP membrane was the lowest among four Janus GO membranes.
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Fig. S8. The PMF of water molecules permeating through GO membranes. GO membranes are

located at the green dotted lines.
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Fig. S9. Water flux of 50 wt% water—ethanol mixture through four Janus GO membranes.

Finally, the separation of 50 wt% water—ethanol mixture through Janus GO

membranes was also simulated. A similar decreasing trend (OPOP > POOP =



POPO > OPPO) of water flux was reproduced in Fig. S9. No matter what the
concentration of the water—ethanol mixture was, the OPOP membrane achieved the

largest water permeability, while the OPPO presented the lowest.
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