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In this study, we fabricate nickel oxide (NiO) thin-film photocathodes under the
modal strong coupling conditions to enhance the photochemical reaction
efficiency, especially the carbon dioxide reduction reaction. Photoelectrode
under modal strong coupling conditions was demonstrated to broaden the
harvesting spectrum region, and even improve the internal quantum efficiency
of chemical reactions.[1,2]Copper is one of the most attractive metals to
synthesize hydrocarbons from CO, because of its optimal binding ability with
CO, and the reaction intermediates.[3] Herein, we investigate a plasmonic
photocathode system composed of Cu-Au alloy nanoparticles (CuAu-
NPs)/NiO/Pt film, which utilizes the advantage of the coupling between the
localized surface plasmon resonance (LSPR) and the Fabry-Pérot (FP) cavity for
light absorption enhancement.
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Experimental

The CuAu-NPs/NiO/Pt structure was fabricated on a silica glass substrate with

dimensions of 10x10x1.0 mm3. The silica substrates were cleaned with
acetone, methanol, and deionized water in an ultrasonic bath for 5 min and
dried by nitrogen flow. A layer of Pt-film ("100 nm) was deposited onto a silica
glass substrate by a sputtering system (ULVAC, QAM-4-STS) with a 2-nm Ti
adhesion layer. A 45-nm NiO film was deposited by sputtering in oxygen on the
Pt-film at room temperature. Cu and Au thin film were sequentially evaporated
by an electron-beam evaporator (EIKO, EB-580) at a deposition rate of 0.1 A/s.
Finally, the samples were annealed in a nitrogen atmosphere at 300°C for 2 h,
and CuAu-NPs appeared on the NiO film surfaces.
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Results and Discussion

Figure 1 (a) shows the surface morphology of NiO film deposited on 100-nm Pt
film. A smooth NiO surface was identified. Figure 1 (b) shows the XRD spectrum
of 45-nm NiO/Pt-film. Characteristic NiO crystal peaks were observed,
indicating a good crystallinity of NiO fabricated by the sputtering in oxygen.
Before Cu-Au alloy nanoparticle deposition, we measured the
photoelectrochemical properties of the NiO/Pt film. Figure 2(a) shows the C-V
curve of NiO/Pt-film as fabricated. The flat-band potential was also measured
by Mott-Schottky plot, as shown in Figure 2(c). The flat-band potential was
calculated to be 0.433 V vs. SCE. A post-annealing treatment was performed to
improve the photoelectrochemical properties of the NiO/Pt film. Figure 2(c)
shows the C-V curve of NiO/Pt film after annealing at 500 C. It is noted that the
flat band potential was increased to 1.132 V vs. SCE after annealing which is
corresponding to the reference value. Based on the fabricated NiO/Pt film
samples, we will deposit CuAu NPs on NiO/Pt film and apply them for CO,
reduction by measuring the photocurrent conversion efficiency and the
reaction products.
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Figure 1. (a) SEM image of NiO surface. (b) XRD spectrum of NiO thin-film
deposited on 100-nm Pt film.
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Figure 2. C-V curves and mott-schottky curve of as-deposited NiO film (a,c) and
annealed NiO film (b,d).
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