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ABSTRACT: Photocatalytic hydrogen production is a sustainable and
greenhouse-gas-free method that requires an efficient and abundant photo-
catalyst, which minimizes energy consumption. Currently, interests in transition
metal chalcogenide materials have been utilized in different applications due to
their quantum confinement effect and low band gaps. In this study, different wt
% of NiS2-embedded TiO2 nanocomposites were synthesized by a facile
hydrothermal method and utilized for photocatalytic hydrogen production
under extended solar irradiation. Among the materials studied, the highest
amount (4.185 mmol g−1) of hydrogen production was observed with 15 wt %
of the NiS2/TiO2 nanocomposite. The highest photocatalytic activity may be
due to the well separation of photoinduced charge carriers on the catalyst,
which was confirmed by the electrochemical studies. Thus, we believe that
these photocatalysts are promising candidates for future applications.

■ INTRODUCTION
The photon energy is harvested and converted into chemical
fuels within the molecules of H2 via a solar-driven water
splitting process called photocatalytic water splitting.1,2

Hydrogen produced by the photoreduction of water is an
attractive reaction that will contribute to an ultimate green,
sustainable chemistry and does not cause any unwanted
emissions like carbon dioxide (CO2) or carbon monoxide
(CO), resulting in an energy revolution.3,4 It is a multiple
electron and multiple proton process. The sun shines on a
catalyst which is dispersed in a pool of water, and then
hydrogen gas is readily evolved; but the separation of the
evolved H2 from O2 is disadvantageous for the photocatalytic
process. The problem can be solved by using a Z-scheme
photocatalyst system.

A direct Z-scheme photo catalyst possesses band structure
configuration and distinctly different charge carrier transfer
modes, as shown in Figure 1. In a Z-scheme charge carrier
transfer pathway, the photogenerated electrons have strong
reduction abilities in the conduction band (CB) of P1, while
holes with strong oxidation abilities in the valence band (VB)
of P2 are preserved. Simultaneously, the photo generated
electrons in the CB of P2 and holes in the VB of P1, which
have inferior redox power, tend to recombine.

Therefore, the Z-scheme photocatalyst possesses strong
redox abilities for driving photocatalytic reactions and the
spatially separated reductive and oxidative active sites.
Furthermore, semiconductor photocatalysts with narrow
band gaps can be chosen to construct direct Z-scheme

photocatalysts, thereby broadening the light-harvesting range.5

Moreover, this system has a catalyst in powder form and will
be an added advantage for large-scale application of photo-
catalytic water splitting because of its simplicity.6

Since the first report on using a catalyst, TiO2, for
photoinduced water splitting in 1972 by Fujima Honda due
to their significant characteristics that include strong optical
absorption, favorable band edge position, abundant availability,
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Figure 1. Z-Scheme electron transport.
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