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Abstract

Continuous power consumption has been driving the economy since the onset of the industrial 

and urban revolutions. However, the burning of fossil fuels to meet this demand has resulted in 

global warming and a host of health problems, making the search for a sustainable and eco-

friendly energy source a pressing issue for future generations. The combustion-based energy 

conversion process is particularly problematic and calls for the development of a carbon-free and 

renewable energy source that can benefit society without harming the environment. Hydrogen 

fuel is a promising alternative that can meet these requirements. A significant approach to 

generating sustainable energy is photoelectrochemical water splitting, which can produce 

hydrogen and oxygen. This study focuses on the synthesis of semiconductor nanostructures and 

nanocomposites and explores its application for photoelectrochemical water splitting to generate 

hydrogen.

To work in this direction, synthesis of cubic and hexagonal phase of visible light active 

ZnIn2S4 (ZIS) by hydrothermal method using two different precursors to explore its potential for 

use in PEC water splitting. The selection of precursors plays a crucial role in controlling the 

phase of the material. The structural, morphological, and optical properties of ZnIn2S4 (ZIS) 

were analyzed using various characterization techniques. Additionally, the photoelectrochemical 

properties of the fabricated ZIS photoelectrode were examined. Cubic-ZIS (C-ZIS) 

photoelectrode achieved a current density of ~80 µA/cm2 at 0.8 V vs. Ag/AgCl, while the 

hexagonal ZIS (H-ZIS) achieved a current density of ~60 µA/cm2 at 0.8 V vs. Ag/AgCl under 

light illumination conditions. It is found that both cubic and hexagonal ZIS exhibit similar 

photoelectrochemical water splitting properties under visible light illumination. This indicates 

the potential of ZIS as efficient photoelectrodes for sustainable hydrogen production through 

water splitting.

In order to improve PEC performance, coupling a visible light active conducting polymer 

polyaniline (PANI) using a simple chemisorption method is a good choice for the efficient 

charge transfer and good photo response of the material. Because of its hole-trapping and 

electron-donating nature, it helps in reducing charge carrier recombination in the 

nanocomposites. The PEC performance of the nanocomposite (C-ZIS/PANI) has been studied. 

The photocurrent density of the C-ZIS/PANI nanocomposite photoelectrode exhibits ~3-time 

enhancement (~260 A/cm2 at 0.8 V vs. Ag/AgCl) as compared to C-ZIS photoelectrode under 
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light illumination. 

Further to improve PEC performance, hexagonal phase ZnIn2S4 (H-ZIS) has been 

synthesized using a hydrothermal method and coupled with visible light active g-C3N4 (C3N4) 

nanosheets using the chemisorption method. The current density in the case of H-ZIS/C3N4 

photoanodes reaches ~110 A/cm2 at 0.8 V vs. Ag/AgCl, which is ~1.9 times higher than H-ZIS 

photoanode. The current density of the H-ZIS/C3N4 photoanode is increased due to the addition 

of C3N4 onto H-ZIS and the formation of a heterojunction between H-ZIS and C3N4, which 

supports a decrease in recombination due to efficient separation of photogenerated electron-hole 

pairs. 

Finally, to enhance the PEC performance of H-ZIS photoelectrode, layered hexagonal 

zinc indium sulfide coupled multiwalled carbon nanotubes (MWCNTs/H-ZIS) nanocomposites 

were synthesized using hydrothermal method and its performance towards photoelectrochemical 

water splitting activity was studied. A series of MWCNTs/H-ZIS nanocomposites with different 

concentrations of MWCNTs has been synthesized. The effects of the composite ratio in the 

MWCNTs/H-ZIS on the photoelectrochemical performance were investigated. The highest 

photocurrent density in the case of 20 wt % MWCNTs/H-ZIS nanocomposite photoanodes 

reaches ~224 A/cm2 at 0.8 V vs. Ag/AgCl, which is ~3.8 times higher than H-ZIS photoanode. 

The enhancement in the current density is because of electron accepting behavior of MWCNT 

that helps in efficient separation of photogenerated electron-hole pair and faster transfer of 

charges across the interface. The electron-accepting and electron-transport capabilities of 

MWCNT offer an easy way to regulate the flow of photogenerated charge carriers, prolonging 

the lifetime of the photogenerated electron-hole pairs produced by semiconductors. 
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