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Supporting Information Section 1: Fabrication of p+-n Si Wafer 

 

 

 

Figure S1. J-V characteristics of p+-n Si solar cell under AM1.5G one sun illumination 100 

mW/cm2 (dark blue curve) and dark condition (black dashed curve). The current density shown in 

the figure is limited by the reflection of incident light [1, 2]. 

 

 

 

 

 

 

 



 

3 
 

Supporting Information Section 2: Effect of MoSe2 Growth Conditions on the PEC 

Performance  

To study the effect of growth temperature (TG) and annealing temperature (TA) in the two step 

MBE growth (see main text), samples with different growth and annealing temperature 

combinations were grown by keeping the same thickness of 3 nm for the MoSe2 film. Shown in 

Figure S2, it can be observed that the best PEC performing sample, in terms of on-set voltage and 

photocurrent density, is with growth temperature of 250 0C and annealing temperature of 250 0C. 

The sample with growth temperature of 400 0C showed lower photocurrent density and the sample 

with growth temperature 200 0C produced a lower on-set potential compared to the sample with 

growth temperature 250 0C.  

 

 

 

Figure S2. J-V characteristics of MoSe2 thin films (~3 nm thick) on p+-n Si wafer with different 

growth combinations of growth temperature (TG) and annealing temperature (TA) under AM1.5G 

one sun illumination 100 mW/cm2 and dark condition (black dashed curve) in 1M HBr. TG: 250 

0C/ TA: 250 0C (red curve), TG: 400 0C/ TA: 650 0C (blue curve), and TG: 200 0C/ TA: 200 0C 

(yellow curve).  
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Supplementary Information Section 3: Structural Characterization of MoSe2 

 

 

 

Figure S3. Optical microscopy image of MoSe2 with a thickness of ~3 nm. The atomic force 

microscopy measurement performed near the black bar region is shown in the inset.  
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Supporting Information Section 4: PEC Performance of p+-n Si Photoanode 

J-V curves (see Figure S4) show that the photocurrent density for p+-n Si photoanode (light blue 

curve) without MoSe2 protection layer is almost negligible, compared to MoSe2/p+-n Si 

photoanode (red curve). This can be attributed to the fact that unprotected Si surface is highly 

prone to oxidation [3] in acidic solution, which results in extremely low current density and poor 

stability. As shown by the red curve in Figure S4, the sample with MoSe2 protection layer exhibited 

a high saturated photocurrent density of ~30 mA/cm2. 

 

 

 

Figure S4. LSV curves showing a comparison between with (red curve) and without (light blue 

curve) MoSe2 thin film on p+-n Si photoanode in 1M HBr solution under the illumination of 

AM1.5G one sun (100 mW/cm2) and dark condition (black dashed curve). Inset shows the 

comparison between p+-n Si solar cell under AM1.5G one sun illumination (light blue curve) and 

dark condition (dotted black curve) in the potential range of 0.7-1 V vs RHE. 
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Supporting Information Section 5: PEC Performance of MoSe2/p
+-n Si Photoanode 

The saturated photocurrent density of ~30 mA/cm2 is close to the maximum theoretical current 

density for c-Si, considering surface reflection loss of the incident light. In fact, the measured 

photocurrent density is nearly identical to the Jsc of the Si solar cell shown in Figure S1, which 

suggests that photo-generated holes in Si can effectively tunnel through the thin MoSe2 protection 

layer and participate in oxidation reaction. We have further tested the PEC performance by varying 

the light intensity. Shown in Figure S5 are the measurements performed under different light 

illuminations: 0.3 Sun, 0.5 Sun, 1 Sun and 2 Suns, with the saturated photocurrent being 11 

mA/cm2, 15 mA/cm2, 30 mA/cm2 and 60 mA/cm2, respectively. The photocurrent density scales 

linearly with the light intensity. The light-limited photocurrent density values also agree well with 

previous reports [4-8].  

 

 

 

Figure S5. J-V characteristics of MoSe2/p+-n Si photoanode under different illumination 

conditions in 1 M HBr under various illumination intensities: 0.3 Sun (yellow curve), 0.5 Sun (blue 

curve), 1 Sun (red curve) and 2 Suns (green curve) and dark condition (black dashed curve).  
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Supporting Information Section 6: Mott-Schottky Characteristics of MoSe2/p
+-n Si 

Photoanode 

 

 

 

Figure S6. Mott-Schottky characteristics of MoSe2/p+-n Si photoanode measured at 1 KHz under 

dark condition (blue curve) in 1M HBr and the extrapolated linear fit (green dashed line) intercepts 

the x-axis at 0.46 V vs RHE. From the Figure S6, the positive slope indicates n-type behaviour 

which is characteristic of photoanode. The Vfb from this analysis is ~0.46 V vs RHE which is close 

to the value reported in the main text using OCP analysis.  
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Supporting Information Section 7: Stability of MoSe2/p
+-n Si photoanode 

 

 

 

Figure S7. (a) Chronoamperometry study for MoSe2/p+-n Si photoanode shows stable 

photocurrent density of ~ 26 mA/cm2 at 0.6 V vs RHE for 1 hr. XPS measurements after 1 hr 

chronoamperometry stability test for (b) Mo and (c) Se, showing Mo:Se ratio of ~1:2.  
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Supporting Information Section 8: On the Hole Injection Efficiency 

The light-limited current density for MoSe2/p+-n Si solar cell photoanode is 30 mA/cm2. Based on 

this observation, we have further calculated the hole injection efficiency for photoanodes with 

different thicknesses of MoSe2. As seen from Figure S8, at relatively low bias ~0.5-0.6 V vs RHE 

the hole injection efficiency is ≥ 80% for MoSe2 thicknesses of 3 nm and 5 nm. The shaded region 

in Figure S8 indicates hole injection efficiency >80%. The achievement of very high hole injection 

efficiency at a relatively low biasing voltage suggests the efficient tunneling of photogenerated 

holes from Si to solution through the MoSe2 protection layer.  

 

  

 

Figure S8. Hole injection efficiency for MoSe2/p+-n Si photoanodes with different MoSe2 

thicknesses under AM 1.5G one sun illumination in 1 M HBr. The shaded region indicates hole 

injection efficiency between >80%. 
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