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Abstract

Photocatalytic hydrogen production is a promising strategy for carbon-

neutral energy conversion; however, its efficiency is limited by rapid

charge recombination and poor visible-light utilization. Herein, a

ZnO/CdS heterojunction photocatalyst with Cd-defect-rich CdS was

designed through sulfur-rich synthesis conditions to enhance

photocatalytic hydrogen evolution. The introduced Cd defects regulate

the electronic structure and promote charge separation, while the

ZnO/CdS direct Z-scheme heterojunction facilitates efficient interfacial

charge transfer and improves photocatalytic stability. As a result, the

defect-engineered ZnO/CdS photocatalyst exhibited enhanced

photocatalytic hydrogen-production performance under visible-light

irradiation.

Experimental

◆ ZnO Synthesis via Hydrothermal Method
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Summary

•ZnO/CdS photocatalysts with Cd defects were synthesized under sulfur-

rich conditions by controlling the Cd:S ratio. Among the tested ratios (1:1, 

1:2, 1:5, and 1:10), the 1:5 sample exhibited the highest photocatalytic H₂-
production activity. 

•Increasing the sulfur content promoted Cd-defect formation and improved 

photocatalytic performance; however, excessive sulfur introduction led to 

performance deterioration due to increased charge recombination. 

•The optimal ZnO/ZnCdS (1:5) sample showed enhanced H₂ evolution by 

promoting charge separation and interfacial charge transfer while 

maintaining the favorable direct Z-scheme heterojunction structure.

Figure 4. Schematic diagram of a Z-scheme charge transfer pathway, and 

hydrogen production mechanism over the ZnO/ZnCdS photocatalystResults & Discussion

◆ ZnO/CdS Synthesis via Chemical Deposition Method 

Figure 3. (a) & (b) Tauc plots and bandgap energies of ZnO and 

ZnO/CdS photocatalysts 

(b)(a)

Figure 2. (a) Raman Spectra of ZnO/CdS Photocatalysts with Different 

Cd:S Ratios, (b) UV–Vis Diffuse Reflectance Spectra (DRS) of ZnO/CdS

Photocatalysts with different Cd:S ratios

Figure 1. (a) Stability Evaluation of Photocatalytic Hydrogen Production 

over ZnO/CdS(1:5) photocatalysts (b) Comparison of Average Hydrogen 

Production Rates (c) & (d) Time-Resolved Photoluminescence (TRPL) 

Decay Curves and fitted lifetime parameters of ZnO/CdS Photocatalysts
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