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Abstract 

With the rapid development of industry, the consumption of fossil energy releases a 
large amount of greenhouse gases, which has a negative impact on the environment. 
Photocatalytic carbon dioxide emission reduction is an effective, feasible and 
sustainable technology to solve the energy crisis and alleviate the greenhouse effect. 
However, transition metals have been widely studied and applied in various 
optoelectronic devices due to their advantages of strong visible light absorption, high 
carrier mobility, tunable band gap, and abundant reserves. Au was loaded on the ReS2 
surface. In addition, the effect of Au/ ReS2 on the photocatalytic performance was 
analyzed by comparison. Combined with UV-Vis absorption spectroscopy, 
photoluminescence spectroscopy and electrochemical impedance analysis, the optimal 
CO yield of Au/ReS2 under visible light irradiation for 1 h was 8.11 μmol/g, showing 
stronger visible light absorption and higher photogenerated load Stream separation rate. 
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1. Introduction 

Exploring the conversion of carbon dioxide is a very important and valuable topic in the field of 
science and technology. In particular, titanium dioxide (TiO2) has been widely studied due to 
its economical efficiency and high stability[1-2]. However, TiO2 has a wide bandgap of 3.2 eV due 
to the short light absorption range, mainly UV light, which limits the photocatalytic CO2 
reduction ability. Since visible light is very abundant in the solar spectrum, it is of great 
significance to study photocatalysts that absorb visible light to reduce carbon dioxide. So far, 
researchers have studied many semiconductor materials with visible light responsive 
properties, such as Cu2O, WO3, CdS, and g-C3N4. Two-dimensional semiconductor materials 
have good light absorption properties, large specific surface area and abundant active centers. 
A potential strategy for combining two-dimensional semiconductor materials with noble 
metals to form Schottky barriers to improve CO2 emission reduction efficiency. Transition 
metal sulfides are promising 2D semiconductor materials due to their high specific surface area, 
high catalytic activity, and suitable energy band structure. So far, MoS2, MoSe2 and WSe2 have 
been reported to prepare TiO2 heterojunctions to improve the photocatalytic CO2 reduction 
efficiency[4-7]. However, there are few reports on utilizing the combination of two-dimensional 
transition metal sulfides and noble metals to enhance the photocatalytic CO2 reduction 
performance. As an emerging transition metal sulfide, ReS2 possesses a forbidden band width 
of about 1.4 eV, a wide visible light absorption range (from UV to visible light to infrared), 
abundant active centers, and high specific surface area. Excellent photocatalytic performance. 
In the paper, this nanoparticle introduces quantum effects with better physical properties and 
higher specific surface area[8-10]. In order to improve the photocatalytic performance, the 
composite study of Au and ReS2 was carried out. 
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2. Experimental section 

The preparation method of ReS2: 536 mg of ammonium perrhenate (NH4ReO4) was added to 
60 mL of deionized water, fully dissolved and then 685 mg of thiourea (CS(NH2)2) was added. 
Then, put it into a high-temperature and high-pressure reaction kettle, set the oven 
temperature to 240 °C, and set the time to 24 h. The obtained precipitate was filtered through 
a 45 μm membrane, and dried for 12 h to obtain ReS2 particles[11]. 

Preparation method of gold acid solution: Dissolve 1 g of tetrachloroauric acid trihydrate 
(HAuCl4 3H2O) in 100 mL of deionized water to obtain a concentration of 0.01 mg/uL, and store 
it in a refrigerator away from light. Preparation of Au/ReS2 composite material: Weigh 30 mg 
of ReS2 powder for use, dissolve it in an appropriate amount of deionized water, add gold acid 
solution and platinum acid solution in different mass ratios, stir for 15 min, and conduct 
photodeposition experiments. A xenon lamp (PLS-SXE 300) was used as the light source, and 
the light was illuminated for 30 min under agitation, and then filtered with a 45 μm filter, 
washed and dried to obtain the precious metal-deposited Au/ReS2 composite material. 

3. Results and Discussion  

3.1. Microstructure of Au/ReS2 composites 

 
Figure 2.1 (a) SEM image of ReS2; (b) TEM image of Au/ReS2 

The structural features of the ReS2 and Au/ReS2 photocatalysts were characterized using 
transmission electron microscopy and high-resolution transmission electron microscopy 
equipment, as shown in Figure 2.1. Microsphere-like ReS2 was synthesized under high 
temperature and high pressure, with layers and wrinkles on the surface, which is conducive to 
the adsorption of nanoparticles and CO2 molecules, as shown in Fig. 2.1(a), which is a 
photocatalytic reaction. As shown in Fig. 2.1(b), nanoparticle Au was loaded onto the ReS2 
surface layer by the method of photodeposition. The agglomerated Au nanoparticles were 
distributed on the exfoliated ReS2 surface fragments, and the Au/ReS2 composite structue was 
successfully obtained[12]. 

3.2. Photocatalytic performance of Au/ReS2 composites  

 
Figure 2.2 The photocatalytic CO2 reduction performance test of Au/ReS2 (a) 1 h CO yield 

graph and (b) CO production yield graph as a function of time 
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Photocatalytic performance test is one of the most important criteria for judging CO2 
conversion efficiency. Under visible light irradiation, the CO2 conversion performance in CO2 
atmosphere was measured. Figures 2.2(a) and 2.2(b) show the photocatalytic yields of Au noble 
metal nanoparticles after complexing with ReS2 under visible light irradiation for 1 h. According 
to the normalized conversion of ReS2 and Au/ReS2, the gas yields are 8.11 µmol/g and 1.43 
µmol/g. Note that ReS2 did not detect any CO2 reduction products under the same test 
conditions. This may be due to the plasmonic effect generated by the recombination of Au with 
ReS2, which promotes the improvement of photocatalytic performance. Since the band gap of 
ReS2 is 1.4 eV, it does not meet the reduction potential of photocatalytic CO2 reduction. 
Therefore, the photocatalytic efficiency is almost non-existent. 

3.3. Photoelectric properties of Au/ReS2 composites  

 
Figure 2.3 (a) periodic on/off photocurrent response spectra Figure and (b) alternating 

current (AC) impedance spectrum of ReS2 and Au/ReS2 

To obtain the optoelectronic properties of the Au/ReS2 composites, the photocurrent (IT) and 
impedance (EIS) spectra of the photocatalytic materials were measured. Figure 2.3(a) proves 
that Au/ReS2 has the best separation efficiency for photogenerated electrons and holes, and the 
electron transfer rate and separation efficiency of photogenerated carriers improve the 
photocatalytic performance of Au/ReS2. The charge transfer resistance (Rct) of the 
photocatalyst-electrolyte interface can be determined by the semicircle diameter of the Nyquist 
plot in the high frequency region. In Fig. 2.3(b), Au/ReS2 has the lowest Rct value at diametric 
distances than other photocatalysts, indicating the fastest electron transfer rate. According to 
Figures 2.3(c) and 2.2(a), the increasing order of photocurrent is consistent with the increasing 
order of photocatalytic activity of the corresponding Au/ReS2 samples. The photocatalytic 
properties of Au/ReS2 and ReS2 composited with Au nanoparticles, as well as the descending 
order of AC impedance of the samples are consistent with the ascending order of photocurrent. 
The enhanced photogenerated charge transfer rate and separation efficiency may be due to the 
recombination of Au with ReS2, which triggers its plasmonic effect and enhances the 
photocatalytic CO2 reduction performance [13]. 

3.4. Analysis of the photocatalytic mechanism of Au/ReS2 composites  

A commonly used method to improve the light absorption of two-dimensional photocatalysts. 
When the dielectric function approaches zero, the resonance in the absorption coincides with 
the plasmon frequency to generate the surface plasmon effect (SPR), which improves the 
resonance absorption of light and generates a strong electric field on the surface of metal 
nanoparticles. Plasmon resonance can be moved from the ultraviolet to the visible range by 
tuning the size of nanoparticles to the size of nanometers or single atoms. By further shrinking 
the size, the plasmonic resonance can be shifted from visible to infrared wavelengths. Therefore, 
utilizing the surface plasmon resonance (SPR) effect of metal nanoparticles, loading metal 
nanoparticles Au on the semiconductor surface can greatly enhance and broaden the light 
absorption. In this paper, it is found that the injection of noble metals improves the overall 
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performance of the whole system, regardless of the photocatalytic performance, photocurrent 
density and electrochemical impedance after the composite of ReS2 and Au. 

4. Summary 

On the basis of high temperature and high pressure synthesis of ReS2 microspheres, Au were 
deposited on ReS2 microspheres by photodeposition method, and an Au/ReS2 photocatalyst for 
photocatalytic CO2 reduction was successfully constructed. The results showed that the CO 
yield of Au/ReS2 was 8.11 µmol/g under visible light irradiation for 1 h. The photocurrent and 
EIS spectra show that the introduction of Au broadens the absorption spectrum, shifting from 
the visible band to the infrared band. Therefore, the Au/ReS2 heterojunction has better visible 
light absorption and photogenerated carrier separation efficiency. 
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