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Abstract

Hydrogen is a perspective «greeny fuel that produces only water when consumed in a fuel cell. The main
method for hydrogen production is electrochemical water splitting. However, the water electrolysis is a rather
energy-consuming process. Alternative method of the overall water splitting is photo-enhanced electrolysis
under light illumination. The founding or new, photo-and electro-catalytically active materials, able to increase
the efficiency of water splitting is a hot topic of actual research. In recent years, 2D materials have been
considered as very promising materials for the water splitting. In this work, a hybrid material consisting of 2D
WOs3-CdS coupled structure is created and introduced in water splitting process. Using the proposed design
the high efficiency of hydrogen production can be potentially reached.
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1. INTRODUCTION

Hydrogen is a pure "green" fuel that produces only water when consumed in a fuel cell [1-4]. Today,
governments and organizations are looking for alternative fuel sources for all types of energy consumers.
While, for example, electric vehicles are generally seen as a response to the phasing out of fossil fuel vehicles,
the application of hydrogen energy is increasingly proving to be a viable way of reducing carbon emissions
[5,6].

It is known that there is a large amount of hydrogen in water. Today, there are many ways to split water
molecules into hydrogen and oxygen [7-10]. However, most of them take place under the application of electric
current, which makes overall process less energy effective. Thus, due to the increased attention to the
environment and the excessive consumption of fossil energy, the founding of alternative ways for total
decomposition of water into hydrogen and oxygen is a very important field of research [11-14].

In recent years, 2D materials have been among the most promising materials for the water splitting process,
since the sophisticated design of 2D materials makes it possible to increase the efficiency of the water splitting
process [15,16]. However, for the creation and separation of the electron-hole pair in 2D materials, it is
necessary to apply relatively high energy, by, for example, materials illumination with A < 500 nm. In order to
be closer to full sunlight spectrum the NIR-light should be used.

In this work, a hybrid material consisting of a periodical metal electrode on the surface of which WO3-CdS
hybrid flakes was created. The combination of WOz and CdS semiconductors is one of the best for the
photocatalytic formation of hydrogen and oxygen by water splitting based on the IlI-type semiconductors
coupling. In turn, potential utilization of specific optical absorption from periodical metal electrode, which occurs
due to excitation of collective electronic vibrations allows to introduced the apparent photo-contribution to water
splitting efficiency [17,18].
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2. EXPERIMENTAL

2.1. Materials

Sodium tungstate dihydrate (= 99%), tetrafluoroboric acid (48 wt. % in the water), cadmium chloride
monohydrate (99.995%), sodium sulphide nonahydrate (= 99.99%) and deionized water were purchased from
Sigma-Aldrich. Ethanol (p.a. 96%) and methanol (p.a. 99.96%) were purchased from Lachner.

2.2. Sample preparation

WOs nanoflakes were prepared by mixing of sodium tungstate dehydrate with tetrafluoroboric acid solution
with subsequent transfer to a Teflon autoclave and kept at 180 °C for 8 hours. The resulting product was
centrifuged and purified twice with deionized water and twice with ethanol and was dried in an oven at 65 °C
for 8 hours. WO3-CdS composite were prepared by adding consistently 0.1M CdCl2 and 0.1M NazS solutions.

The deposition of WO3-CdS suspension onto the surface of periodic electrode was carried out by spin-coating
method.
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Figure 1 Schematic representation of sample preparation

2.3. Measurement techniques

X-ray diffraction microscopy spectra were recorded on a microXRD D8 Discover diffractometer for 30 min
using Cu Ka radiation (1.5405 A) 3 at 30 mA and 40 kV. HRTEM measurements were performed using an
EFTEM Jeol 2200 FS microscope (Jeol, Japan). X-ray photoelectron spectroscopy (XPS) was performed
using an Omicron Nanotechnology ESCAProbeP spectrometer with a monochromated Al K Alpha X-ray source
operating at 1486.6 eV. The energy resolution was 0.4 eV for the survey study and 0.1 eV for the high-
resolution XPS spectra measurements. The concentrations of elements were calculated in at.% using the
sensitivity factors provided by the manufacturer.

RESULTS AND DISCUSSION

Figure 2 shows XRD measurements results of WOz nanoflakes and WO3-CdS composites. The XRD pattern
of pure WOz exhibits mostly a monoclinic phase. The main characteristic peaks acre located In the region of
23-24°. Looking at the XRD pattern of WO3-CdS, the only independent peak of CdS at 33° can be seen. Thus,
XRD analysis confirmed the successful combination (coupling) of two semiconductors.
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Figure 2 XRD patterns of WOs nanoflakes and WO3-CdS composite

On the Figure 3 the images from HRTEM measurements are presented. Figure 3A confirms that WOs flakes
have thin 2D structure. After modification of WOz nanoflakes by CdS (FigURE 3B) significant changes can be
seen. Moreover, it is important to note that CdS particles are not occupy the entire surface area of the flakes,
which is great for the overall water splitting process because both WO3 and CdS should be in contact with
water for HER and OER processes to proceed.

Figure 3 TEM images of pristine WO3 (A), WO3-CdS composite (B) and HRTEM image of WOz — CdS
composite (C)
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Figure 4 Results of XPS analysis
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Figure 4 shows the results of XPS analysis. The main thing that should be note is that the elemental quantity
relationship between Cd and S on the surface of WO3 is approximately 1:1. It means that the structure of
cadmium sulfide doesn’t have any defects and thus it has a possibility to product hydrogen from water.

3. CONCLUSION

In this work, a hybrid material consisting of a plasmon active gold lattice, on the surface of which are WO3-
CdS hybrid flakes, is created. The created materials represents an lI-type coupled semiconductors. Moreover,
both used materials are known to have the high efficiency in water splitting half-processes — OER and HER.
The coupling of materials was confirmed using XRD, TEM and XPS techniques. Proposed structures can be
considered as an interesting candidate for photo-electrochemically induced water splitting.
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