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Synthesis of MoS2 and MoO3 layers on ZnO NRs

Herein, MoS2 has been formed by thermal degradation of ammonium tetrathiomolybdate in inert 
atomosphere. The key reaction is: 1,2 

2(NH4)2MoS4 → MoS3 + MoS2 +4NH3↑ + 2H2S↑ + S↑ (endothermic, 160-270C)
MoS3 → MoS2 + S↑ (endothermic, 270-370C)

Whenever the annealing is conducted in air medium the MoS2 turns into MoO3. 

Fig. S1. GIXRD pattern of as fabricated pristine ZnO NRs arrays on FTO substrate.
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Fig. S2. High magnification TEM micrograph of ZnO/MoS2 NHs.

 

Fig. S3. XPS survey scan for ZnO/MoS2 and ZnO/MoO3 NHs.

Fig. S4. Deconvulated XPS spectra of Mo 3d for ZnO/MoS2 NHs.
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Fig. S5. Spectral output of the Solar Simulator with standard AM1.5G filter.

Fig. S6. Comparison of onset potential for the ZnO NRs, ZnO/MoO3 NHs and ZnO/MoS2 NHs.

Fig. S7. Mott–Schottky plots of the photoelectrodes.
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Fig. S8. Kubelka-Munk plots of the as prepared NHs. 

Fig. S9.  Kubelka-Munk Plot of (a) ZnO NRs, (b) MoO3 and (c) MoS2 thin films grown on FTO.

Fig. S10. Deconvoluted PL emission spectra of the ZnO NRs, ZnO/MoO3 NHs and ZnO/MoS2 
NHs.
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TRPL emission decay calculation 

The TRPL decay curves were fitted  by  a bi-exponential decay model [3-6] with the decay 
kinetics  function  expressed  as: I(t) =  , where i = 1, 2∑𝐴𝑖 𝑒 ―𝑡/𝑖

The average PL emission lifetime, reflecting the overall emission decay behavior of the electrode 
samples, was calculated as[6]: 

avg = ,    where i = 1, 2
∑𝐴𝑖 2

𝑖

∑𝐴𝑖𝑖

Table S1. Electrochemical impedance parameters obtained from equivalent obtained from the 
EIS curves in Figure 5c. 

Photoelectrodes RS () Rct () 
ZnO NRs 14 2979

ZnO/MoO3 NHs 16 1128
ZnO/MoS2 NHs 9 506

Table S2: Summary of the photoelectrochemical performance of different ZnO-MoS2 based 
photoelectrodes. 

Sample 
Name/Photoelectrode

Incident radiation ABPE 
Efficiency

Photocurrent density

MoS2 flakes on ZnO [7] 100 mW/cm2 -- 1.7 mA/cm2 at 0.5 V vs 
Hg/Hg2Cl2 

MoS2 nanosheet/ZnO 
nanowire [8]

AM1.5G, 100 mW/cm2 -- 0.6 mA/cm2 at 1.2 V vs 
SCE 

Few-layer MoS2 flakes 
/ZnO[9]

AM1.5G, 100 mW/cm2 0.9 1.4 mA/cm2 at 0.4 V vs 
Hg/Hg2Cl2

ZnO-MoS2-RGO 
Heterojunction[10] 

Sunlight -- 5 mA/cm2 at 1 V vs 
RHE

 2D MoS2/ ZnO 
NRs[Present work]

AM1.5G, 100 mW/cm2 0.65 2 mA/cm2 at 1.1 V vs 
RHE
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