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A B S T R A C T

Green hydrogen will play an important role in reducing carbon emission in sectors like transportation, power 
supply, and industry. However, for it to become competitive technology, the costs related to hydrogen pro
duction must be reduced. Photocatalytic hydrogen production is one of the green hydrogen production methods 
that have the potential to become cost effective. So far, photocatalytic water splitting has mainly focused on 
hydrogen production from pure water systems, but it is practically attractive to study methods for seawater 
systems, which will make better use of available natural resources. In this study, we focus on the synthesis and 
characterization of a variety of metal dichalcogenide-embedded titanium dioxide (NiS2/TiO2, CoS2/TiO2, SnS2/ 
TiO2) nanocomposite materials as photocatalysts for seawater splitting. The materials were synthesized using a 
facile hydrothermal method and were used for simulated seawater, seawater and deionized water splitting with 
4 h of simulated solar illumination. The amounts of 48.11, 24.94, 15.04, and 2.78 mmolg− 1 hydrogen were 
successfully produced with NiS2/TiO2, CoS2/TiO2, SnS2/TiO2, and pristine TiO2 nanomaterials, respectively. 
Highest amount of H2 with NiS2/TiO2 photocatalyst can be attributed to the low bandgap of NiS2, which acts as a 
co-catalyst. Our study clearly demonstrates that low-cost, noble-metal-free nanocomposite photocatalysts could 
be promising candidates for realizing efficient solar-to-hydrogen conversion from seawater splitting.

1. Introduction

Energy demand is increasing across the globe, leading to environ
mental concerns due to the overconsumption of fossil fuels. Nearly 80% 
of energy needs rely on fossil fuels [1]. The gradual depletion of fossil 
fuels thus paves the way for an alternative, renewable energy in the form 
of hydrogen [2]. A few decades ago, renewable energy experts only 
pitched hydrogen as a fossil fuel alternative for transport. Today, 
carbon-neutral dreamers believe it’s the glue that holds the green rev
olution together and has the potential to deliver critical functions for a 
new energy world [3,4]. It is an opportune time to harness hydrogen’s 
potential in sectors that are challenging to decarbonize.

Photocatalytic water splitting has gained global attention as a sus
tainable and environmentally friendly approach for producing hydrogen 

by converting solar energy into chemical energy [5]. While previous 
research has primarily focused on hydrogen production from pure water 
systems, it is also promising to develop systems that can utilize seawater, 
thereby reducing costs and maximizing available natural resources; 
approximately 97.5% of the water on earth is seawater [6]. Moreover, 
using seawater for photocatalytic water splitting can potentially lower 
the overall cost of the process. Treating and purifying freshwater sources 
can be expensive, but by directly using seawater, we can bypass the need 
for extensive purification steps. This cost reduction can make the pro
duction of hydrogen through seawater splitting more economically 
viable.

However, it’s worth noting that the use of seawater in photocatalytic 
water splitting also poses some challenges. Seawater contains higher 
concentration of salts and impurities compared to pure water [7], which 
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