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Lamp Calibration to AM1.5G 

Using an Ocean Optics Jaz EL 200-XR1 spectrometer, the absolute irradiance output from the 

Xe lamp was measured as illuminated through the quartz window of the cell, without solution. 

The irradiance incident at the detector surface was manipulated by controlling the working 

distance between the lamp and the detector surface. This irradiance was considered to be 

calibrated to AM1.5G when the density of above-bandgap photons (those with photon energy 

exceeding the bandgap energy of the material) was equal to the density of above-bandgap 

photons in the AM1.5G solar spectrum, calculated using NREL’s SMARTS2 worksheet.1-3 The 

photon density (as a fraction of the AM1.5G solar output) is estimated to vary by up to 5% from 

sample to sample due to the imprecision of manually aligning the electrode at the same distance 

from the lamp as the detector. 
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Figure S1: Linear growth curve for MoOx ALD, showing a growth rate of nearly 0.6 Å per cycle 

at 165°C (line intended as a guide for the eye). The thickness was determined by spectroscopic 

ellipsometry, and Mo(CO)6 and O2 plasma were used as ALD precursors. The Mo precursor was 

pre-heated to 70°C. Each cycle consisted of a 2 s pulse of Mo precursor prior to a 10 s purge in 

Ar carrier gas (260 sccm) followed by an O2 plasma phase involving O2 flowed at 20 sccm with 

the RF plasma generator set to 300 W for 20 s, followed by a 5 s purge time. 
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Figure S2: Determination of the onset potential for three LSV experiments performed on 

MoS2/TiO2/CdS/CGSe electrodes. The data are reproduced from Figure 3a. 
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Figure S3: X-ray diffractograms of CGSe/FTO (black) and FTO (blue). Reference spectrum 35-

1100 for CuGaSe2 is also provided.4 
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Figure S4: Transmittance data for CGSe (red) and MoS2/TiO2/CdS/CGSe on FTO (blue).
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Figure S5: Optimization of sulfidization time. MoS2/TiO2/CdS/CGSe electrodes were formed by 

varying thermal sulfidization time: 10 min (green), 30 min (blue), and 60 min (red).  LSVs before 

stability testing (left) and 24 hr stability tests at 0.0 V vs. RHE (right) were performed to assess 

optimal sulfidization conditions. 

A sulfidization time of 30 minutes was determined to optimize both activity and durability of the 

MoS2/TiO2/CdS/CGSe photocathode. The initial LSV for the 30 minute sulfidized electrode 

results in the best combination of early onset and high photocurrent density. Short sulfidization 

times lead to low saturation photocurrent density. Longer sulfidization times lead to higher 

current densities, but also result in loss of photovoltage and fill factor (perhaps due to worsening 

catalytic activity, as shown in Figure S5). The loss of photovoltage could be due to loss of 

CdS/CGSe junction fidelity caused by Cu/Cd interdiffusion at 200°C. The 30-minute 

sulfidization also provides the best stability to electrodes, as it is important to balance (1) 

complete formation of a conformal MoS2 coating and (2) high photovoltage that results in high 

current density at 0.0 V vs. RHE. 

 

 

 

 

 

 

 

 



S-8 

 

-0.4 -0.3 -0.2 -0.1 0.0

-12

-10

-8

-6

-4

-2

0

 MoS2(60 min)/TiO2/FTO

 MoS2(30 min)/TiO2/FTO

 MoS2(10 min)/TiO2/FTO

j 
(m

A
 c

m
-2

 g
e

o
)

E (V vs. RHE)

 

Figure S6: Effect of sulfidization time on HER catalytic performance of MoS2/TiO2/FTO 

electrodes: 10 min (light blue), 30 min (deep blue), and 60 min (black). The LSVs were 

performed in 0.5 M H2SO4 with a Hg/HgSO4 reference electrode, Ir/IrOx counter electrode, and 

with H2 continuously bubbling through the solution. 
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Hydrogen production calculation 

Hydrogen production is the dominant contributor to the photocurrent generated over the course 

of the experiment. This is evidenced by the sustained bubble formation at the electrode surface 

and the substantial total charge passed, 10-3 mol e- (average of 4 mA cm-2, 0.3 cm2 area, 24 hrs x 

3600 s per hour) over the course of durability testing. This amount of charge is four orders of 

magnitude greater than that which might otherwise have come from photoelectrode corrosion. 

The photoelectrode predominantly consists of CGSe (density of 5 g/cm3, 0.3 cm2 area, thickness 

of 1 μm, molecular weight of 291 g/mol), equivalent to approximately 10-7 mol CuGaSe2.   
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Figure S7: Absorptance data for CGSe electrodes and CdS and MoS2/TiO2/CdS on quartz.  

The MoS2/TiO2/CdS catalytic/interface/buffer layer absorbs roughly 20% of the photons above 

500 nm. 
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Figure S8: LSVs taken in the dark for the MoS2/TiO2/CdS/CGSe samples investigated in Figure 

3. While the currents are small in comparison to the observed photocurrents, there appears to be 

a reductive wave (onset near -0.4 V vs. RHE) that increases with the duration of durability 

testing. This feature becomes very noticeable after 24 hrs of continuous testing and may be 

indicative of Cd2+ reduction, with the standard electrode potential of this reaction being -0.40 V 

vs. NHE.5 
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