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Fig. S1 Current density—voltage (J—V) curve of OHP photovoltaic (PV) cell based on
methylammonium lead triiodide (MAPDI3) with L-proline amino acid in the forward and
reverse scan directions.
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Fig. S2 Photograph of the bare Ti foil and MoS2/Ti foil.
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Fig. S3 X-ray photoelectron spectroscopy (XPS) spectra of MoS/Ti foil. (a) XPS survey
spectra and high-resolution XPS spectra of (b) Mo 3d and (c) S 2p regions of MoS»/Ti foil.
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Fig. S4 Field emission scanning electron microscopy (FESEM) image of bare Ti foil.
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Fig. S5 Cyclic voltammetry (CV) curves of (a) 1000, (b) 3000, and (c) 6000 p MoS»/Ti foils at
scan rates in the range of 40-200 mV s™!. (d) Estimation of double layer capacitance (Cai) for
1000, 3000, and 6000 p MoS,/Ti foils.



Fig. S6 Photograph of three-electrode configuration with MoS,/Ti foil/OHP, saturated calomel
electrode (SCE), and graphite rod as working, reference, and counter electrode, respectively.
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Fig. S7 Repetitive 100 cycles of LSV curves of the MoS,/Ti foil/OHP photocathode.
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Fig. S8 LSV curves of a total 10 MoS»/Ti foil/OHP photocathodes.
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Fig. S9 Incident photon-to-electron conversion efficiency (IPCE) spectra of bare Ti foil/OHP
and MoS»/Ti foil/OHP photocathodes at a potential of a 0.4 V versus reversible hydrogen

electrode (vs. RHE).
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Fig. S10 Band alignment of OHP photocathodes with or without the MoS, HER catalyst.
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Fig. S11 Nyquist plots of bare Ti foil/OHP and MoS>/Ti foil/OHP photocathodes measured at
0.7 V vs. RHE under illumination. The inset shows the equivalent circuit used to fit the Nyquist
plots.
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Fig. S12 Open-circuit potential (OCP) of (a) bare Ti foi/OHP and (b) MoS./Ti foil/OHP
photocathodes in the dark and under illumination.
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Fig. S13 (a) LSV curve and (b) corresponding half-cell solar-to-hydrogen conversion
efficiency (HC-STH) of Pt/Ti foil/OHP photocathode.



Fig. S14 Photographs of epoxy resin sealed MoS/Ti foil/OHP photocathode. (a) Before and
(b) after the measurement of PEC stability.



Table S1 Photoelectrochemical (PEC) performance of previously reported state-of-the-art
photocathodes.

Potential at

Photocurrent density at Onset potential HC-STH .
Photocathode maximum HC-STH Reference

0Vvs.RHE (mMAcm?)  (Vvs. RHE) (%)

(V vs. RHE)
Pt-containing state-of-the-art photocathodes
Pt/CdS/CIGS -28 0.75 125 0.53 1
PHTiO2/n*p-Si -20.3 0.64 8.1 0.43 2
Pt/Mo/Ti/CdS/(ZnSe)o.s5(C1GS)o.15 -12 0.89 3.6 0.45 3
Pt/CdS/(CulnS2)o.81(ZNnS)o0.10 -16.7 0.84 5.6 0.45 4
PH/TiO,/CdS/SnS/Au -19 0.25 0.7 0.08 5
PH/TiO/BHJ/CuOx -7.3 0.63 15 0.3 6
PH/TiO,/CdS/Sh,Ses/Au -30 0.5 34 0.26 7
Pt-free state-of-the-art photocathodes
. -0.9

CuO/CuBi,04 1 0.19 0.3 8

(at 0.1 V vs. RHE)
Ni-Mo/CdS/CIGS -25 0.5 2.8 0.24 9
CoP,/TiO/AZOIp-Si -16.7 0.48 2.22 0.22 10
MoS,/CdS/CZTS -18 0.6 3 0.3 11
MoS,/Ti foil/In-Ga eutectic .

—20.6 1.02 11.07 0.63 This study

alloy/MAPbI; with L-Proline



Table S2 Photoelectrochemical (PEC) performance of previously reported state-of-the-art
photocathodes using the MoS; HER catalyst.

Photocurrent density at ~ Onset potential
Photocathode HC-STH (%)  ABPE (%) Reference
0V vs. RHE (mMAcm?) (V vs. RHE)

MoS./p-Si —24.6 0.17 - 0.86 12
CoMoS,/p-Si -17.2 0.19 - 0.72 13
MoS,/p-GaN -2.15 0.8 - 3.18 14
Rh-P/M0S/TiO:/p-Si -24.1 0.43 - 212 15
MoS,/In2S3/Sh,Ses 27 0.89 2.6 2.6 16
MoS,/TiO/n*p-Si -33.7 0.46 - 4.9 17
Pt/Ni-MoS,/CulnS, -155 05 1.48 - 18
MoS,/CdS/CZTS -18 0.6 3 - 11
MoS,/NizSy/Ni/n*np*-Si —41.6 0.54 - 11.2 19

MoS,/Ti foil/In-Ga eutectic

. . —20.6 1.02 11.07 11.75 This study
alloy/MAPbI; with L-Proline
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