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Figure S1. Planar average electrostatic potential energy of the bilayer WSSe with (a) AB1, (b) AB2, and (c) AB3 stacking 

models, respectively. ΔΦ is the potential energy difference. 
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Figure S2. The potential of the CBM (blue region) and VBM (red region) of WSSe bilayer with dif‐

ferent stacking patterns (AB1, AB2, and AB3) and WSSe DWNT1, with respect to the vacuum level 

(labeled as 0 eV). The dashed lines mark the oxidation potential of O2/H2O and reduction level of 

H+/H2. The pH is set to 0. 
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The potential energy difference (ΔΦ) between the inner shell and outer shell of Janus 

WSSe DWNT1 

 

Figure S3. Average electrostatic potentials in the plane normal to the tube axis for the whole struc‐

ture of Janus WSSe DWNT1. 

For the DWNT1 configuration, the electrostatic potential of the inside layer (as la‐

belled with a red circle in Figure S3) could not be obtained directly with a whole structure, 

because in the plane normal to the tube axis, the electrostatic potential of the neighboring 

atoms (in the blue region in Figure S3) will be a distracter, which is hardly eliminated from 

the output file.  

 

Figure S4. The fitting line of the relationship between the electrostatic potential difference for Ja‐

nus MXY (M = Mo, W; X, Y = S, Se, Te) monolayers (ΔΦmonolayer) and the ones for their own bilayers 

(ΔΦbilayer). All the data are from the previous literature [1]. 

It has been reported that, as plotted in Figure S4, the potential difference of Janus 

MXY (M = Mo, W; X, Y = S, Se, Te) bilayers (∆Φ ) with AB1 stacking pattern are almost 

double that (∆𝛷 ) of the MXY monolayer [1]. Based on the fitting line, the relation‐

ship between them can be expressed as follows, 

 

∆𝛷 1.79 ∆𝛷 0.02                                                   S1  

Hereby, our idea of obtaining the ΔΦ of DWNT1 is that, we separately calculated the 

ΔΦ of its component parts ((8, 8) and (15, 15) nanotubes) first; then, based on the Equation 
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S1, we estimate the ΔΦ of Janus WSSe DWNT1. Similar to the case of DWNT1, the ΔΦ of 

Janus WSSe single‐walled nanotube could not be gained directly with the whole structure 

either. Here we innovatively separate the building block (in the blue dotted box in Figure 

S5) from the whole structure, and compute its average electrostatic potentials to obtain 

ΔΦ for each Janus WSSe armchair single‐walled nanotube. As shown in Figure S5, the ΔΦ 

of (8, 8) and (15, 15) Janus WSSe armchair nanotubes is 1.08 eV and 0.93 eV. Then we put 

the average of them (1.01 eV) into the Equation S1, so that the ΔΦ of Janus WSSe DWNT1 

is 1.82 eV. 

 

Figure S5. Average electrostatic potentials in the plane normal to the tube axis for the whole struc‐

ture (left) and building block (right) of (a) (8, 8) and (b) (15, 15) Janus WSSe armchair nanotubes. 
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The solar‐to‐hydrogen (STH) efficiency 

The STH efficiency is evaluated using the methods proposed by Yang et al. [2]. Ac‐

cording to the reaction process, STH efficiency is defined as the product of the efficiency 

of light absorption (ηabs) and carrier utilization (ηcu). 

 

𝜂 𝜂 𝜂                                                         𝑆2  

The efficiency of light absorption is defined as: 

 

𝜂
𝑃 ℎ𝜔 𝑑 ℎ𝜔

∞

𝑃 ℎ𝜔 𝑑 ℎ𝜔
∞

                                               𝑆3  

where 𝑃 ℎ𝜔 are the AM1.5G solar energy flux at the photon energy ℎ𝜔, and 𝐸  is the 

direct band gap of the photocatalyst, according the previous literatures [2,3]. The denom‐

inator represents the total power density of the reference sunlight spectrum (AM1.5G) and 

the numerator gives the light power density absorbed by the photocatalyst.  

The efficiency of carrier utilization (𝜂 ) is defined as: 

 

𝜂
Δ𝐺

𝑃 ℎ𝜔
ℎ𝜔 𝑑 ℎ𝜔

𝑃 ℎ𝜔 𝑑 ℎ𝜔
                                         𝑆4  

where Δ𝐺 is the free energy of water splitting (1.23 eV) and the rest of numerator rep‐

resents the effective photocurrent density. Here, E represents the photon energy that can 

be actually utilized in the process of water splitting. 
 

                E

⎩
⎪
⎨

⎪
⎧

𝐸 , 𝜒 H 0.2,𝜒 O 0.6

𝐸 0.2 𝜒 H , 𝜒 H 0.2,𝜒 O 0.6

𝐸 0.6 𝜒 O , 𝜒 H 0.2,𝜒 O 0.6

𝐸 0.8 𝜒 H 𝜒 O , 𝜒 H 0.2,𝜒 O 0.6

                     𝑆5  

The intrinsic electric filed does positive work for the electron−hole separation during 

the process of photocatalytic water splitting. Therefore, this part of work should be added 

into the total energy, and then the corrected STH efficiency of photocatalytic water split‐

ting with vertical intrinsic electric filed is calculated as: 

 

               𝜂 𝜂
𝑃 ℎ𝜔 𝑑 ℎ𝜔

∞

𝑃 ℎ𝜔 𝑑 ℎ𝜔
∞

∆𝛷
𝑃 ℎ𝜔
ℎ𝜔 𝑑 ℎ𝜔

∞
                         𝑆6  

where ∆𝛷 is the vacuum level difference on the two respective surfaces. The χ(H2), 

χ(O2), Egd, and ∆𝛷 for all samples considered in our study are listed in the Table S1. 
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Table S1. Over‐Potential for Hydrogen Evolution Reaction χ(H2), Over‐Potential for Oxygen Evo‐

lution Reaction χ(O2), Direct Band Gaps, and Difference of Electrostatic Potential (ΔΦ) of Janus 

WSSe A‐NTs. 

  Configuration  χ(H2) (eV)  χ(O2) (eV)  Egd (eV)  ΔΦ (eV) 

AB1  0.94 0.11 1.10 1.37 

AB2  0.01 0.12 1.60 0.00 

AB3  0.00 −0.23 1.62 0.00 

DWNT1  0.62 0.62 1.19 1.82 

(15, 15) 0.79 0.47 1.56 0.93 
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