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Study on Photoelectrochemical Water Splitting Using Modified Copper Indium Disulfide Electrodes
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Conversion of solar energy into hydrogen by photoelectrochemical (PEC) water splitting is considered as
an ideal solution to meet the growing demand for energy supply, since solar energy is unlimited and
environmentally friendly. This thesis primarily deals with synthesis of CulnS, by electrochemical deposition
and spray pyrolysis methods as photocathodes for hydrogen evolution reaction in PEC water splitting.

CulnS, thin films were fabricated successive electrodeposition of copper and indium followed by
sulfurization in HsS. Photocathodes were fabricated by modifying the CulnS, with Pt and In,S; or CdS. It was
shown that Pt and In,;S;modified CulnS, thin film worked more efficiently than Pt and CdS-modified one as a
photocathode for PEC water splitting with a maximum half-cell solar—-to—hydrogen (HC-STH) efficiency of around
2% and an onset potential of ca. 0.78 V when measured under 0.1 M Nay;SO;, (pH 9). Mechanistic study using
spectroscopic evaluation of conduction band offsets revealed that In,S;/CulnS; had a notch—type conduction
band offset, whereas a cliff-type offset was formed in CdS/CulnS,: these results also revealed a better interface
electric structure of InsSs/CulnS, than that of CdS/CulnS,.

Then, PEC water splitting properties and stability of the Pt-InsSs;/CulnS, photocathode were investigated
at near neutral toward alkaline solutions. HC-STH of Pt-In,Ss/CulnS, was the highest at pH 13 (4.7%) with
maximum photocurrent density of 16.3 mA cm? (at 0 V vs. RHE) and onset potential of 0.9 V vs. RHE. In this
alkaline solution, the photocathode suffers from rapid degradation of the photocurrent over the time course
(at 0 V vs. RHE) under continuous illumination. On the other hand, it was relatively stable at near neutral
condition (pH 6): HC-STH of 2.9%, maximum photocurrent density of 16.3 mA cm? (at 0 V vs. RHE), and onset
potential of 0.72 V  vs. RHE were obtained at this condition. In addition, we demonstrated a tandem cell
without bias by direct connection Pt—In,S;/CulnS, photocathode with BiV0, photoanode.

Finally, we investigated of CulnS, and its Ga—doped prepared by spray pyrolysis method followed by annealing
in a sulfur atmosphere. CulnS, films annealed at temperature of 600 “‘C showed a better structural and PEC
properties than those of annealed at lower temperatures which revealed well-defined crystalline film. We then
investigated the effect of Ga loading to the CulnS, for application as photochatodes. The photocurrent density
and onset potential of the photocathodes improved by Ga loading to the CulnS, films with the Ga/(In+Ga) ratio
up to 25%. The maximum photocurrent density and photocurrent onset potential of 6.8 mA cm™? (at 0 V vs RHE)

and 0.89 V (vs RHE), respectively, were obtained by this photocathode.
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