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A B S T R A C T

Cupric oxide (CuO) is a semiconductor of choice for photocathode in photoelectrochemical (PEC) applications
due to its great sunlight absorption capability. However, photocorrosion is the main drawback of CuO. Herein,
CuO/graphitic carbon nitride (g-C3N4) with a unique microstructure, enhanced PEC performance, and con-
siderable photostability is synthesized under microwave irradiation. A facile, one-pot method is utilized to di-
rectly deposit the nanocomposite onto fluorine-doped tin oxide from a solution containing copper precursor and
urea. Possible mechanism of CuO/g-C3N4 formation through this novel method is investigated. It is elucidated
that controlled amounts of urea critically determine the morphological evolution of CuO, while its excess
quantities convert to g-C3N4 in the presence of CuO as the catalyst. Through an appropriate heat treatment,
carbon is doped into CuO lattice. The obtained C-doped CuO/g-C3N4 demonstrates 227% enhancement over CuO
in photocurrent density and ~80% photocurrent retention. The enhanced photoelectrocatalytic activity is
mainly attributed to unique morphology of CuO, effective separation of charge carriers, and formation of het-
erojunction. These characteristics manifest the superiority of this approach over many other chemical-based
methods. The nanocomposite synergistically integrates the advantages of both the constituents, offering a low-
cost, efficient photocathode for PEC water splitting, photocatalytic hydrogen evolution, and degradation of
pollutants.

1. Introduction

Achieving a sustainable energy supply has been the motivating force
behind numerous efforts in concern with the high demand for energy
and scarcity of natural resources [1–3]. Solar light-driven water split-
ting and hydrogen production systems are among the promising can-
didates to supply solar fuel as an abundant and renewable green energy
source in lieu of fossil fuels [4–6]. They generally consist of an electrode
coated by photoactive materials and/or semiconductors with specific
characteristics and properties [4,7]. The wise selection of materials
with controlled morphologies and engineered bandgap structures is

highly demanded to optimize the solar light-harvesting, charge transfer,
and electron-hole separation capabilities [8,9].

As an inexpensive, abundant semiconductor, cupric oxide (CuO),
which possesses a relatively small bandgap energy of around 1.2–1.8 eV
and consequently high sunlight absorption, has shown promising ap-
plications in PEC water-splitting[10,11], pollutants removal [12], and
lithium-ion battery making [13]. Nevertheless, drawbacks such as high
electrode photocorrosion, fast recombination of photoexcited charges,
and low charge transfer across the photoelectrode–electrolyte restrict
the application of CuO as the hydrogen evolution reaction (HER) cat-
alyst in a PEC cell [8,14]. Several attempts have been conducted to
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