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Introduction 
 

Emission control and reduction removal of CO2 is a 

pressing need to substantiate decarbonized society. 

Valuable products created from solar energy and water, 

atmosphere (CO2) which are the only inexhaustible 

resources on earth can contribute to change for the better 

direction of global warming or energy crisis. In this 

research, the assembly of microbial photo-electrosynthesis 

(MPES) cell (Figure 1A) is the end in view. MPES cell 

consists of two reaction systems called “light and dark 

reaction” mimics natural photosynthesis. “Light reaction” 

splits water into H2 and O2 by photocatalyst using sunlight. 

Then, “dark reaction” synthesize CO2 fixed value-added 

chemical by anaerobic bacteria consuming H2 produced in 

front stage. Among them, photocatalyst is focused on this 

article. Photocatalyst has a valance band and conduction 

band in general. The energy difference between them is 

called a bandgap. When the light satisfying the bandgap is 

provided to photocatalyst, hole-electron pairs are generated  

and decompose water to H2 and O2. 

A metal oxide semiconductor is one of the potent 

candidates of photocatalyst because of its cheapness and 

abundance. However, most of them activated by UV light. 

Namely, only 5 % of solar energy is available for metal 

oxide semiconductors. Furthermore, highly efficient mono-

metal oxide for water splitting under visible light has not 

been reported. Based on such circumstances, a combination 

of a few metal oxides attracts attention. Cu and Zn are 

highly crustal abundance. CuO can use visible light due to 

its small bandgap (Eg = 1.35 eV) but cannot split water 

completely. On the other hand, ZnO can split water but 

cannot work under visible light due to its large bandgap (Eg 

= 3.35 eV). ZnO/CuO composite reimburse these defects. 

In this research, nanostructured ZnO/CuO composite 

(Figure 1B) was prepared in natural solution at normal 

temperature and pressure by galvanic-submerged 

photosynthesis of crystallites (G-SPSC). Also, preparation 

condition was considered as for presence of spattering as 

pretreatment and UV irradiation time during G-SPSC. H2 

generation rate and photocurrent of fabricated material was 

compared with previous reports and evaluated of its ability. 

 

Materials and Method 
 
Fabrication of ZnO/CuO: ZnO/CuO was fabricated 

through thermal oxidation and G-SPSC. Cu mesh heated by 

500 °C for 4 hours. The heated test piece was spattered to 

provide a precursor of ZnO. Subsequently, the sample was 

contacted with Zn foil in pure water. UV light was 

irradiated to the sample under normal temperature and 

pressure. The presence of spattering and UV irradiation 

time 24 or 48 hours were set as a parameter of fabrication. 

Hereafter each sample are described S-UVt, UVt (t: time). 

Physical characteristics: The fabricated sample was 

observed by scanning electron microscope (SEM), X-ray 

photoelectron spectroscopy (XPS). Specific surface area 

(SSA) was quantified by BET absorption measurement. 

Photoelectrochemical characteristics: Three electrode 

system regarded the fabricated sample as working electrode 

(WE), Pt as the counter electrode, Ag/AgCl as reference 

electrode was employed to measure H2 generation rate and 

current density, applied bias photon-to-current efficiency 

(ABPE). 0.25 M Na2SO4 buffered at pH 7.2 with PBS(-) 

was used as the electrolyte. WE was maintained -1.31 V vs. 

Ag/AgCl and irradiated visible light (350-600 nm). 

Ultraviolet-visible absorption spectroscopy (UV-vis) was 

used to compare the absorption rate of each sample. 

 

Results and Discussions 
 
Fabrication of ZnO/CuO, physical characteristics: CuO 

nanowire (NW) at the surface of Cu mesh and ZnO nanorod 

(NR) at the surface of CuO NW was confirmed by SEM 

and XPS. Therefore, nanostructured ZnO/CuO composite 

was fabricated in natural solution at normal temperature 

and pressure. Besides, SEM observation revealed an effect 

of spattering and UV irradiation time. Spattering was 

inclined to make NR thicker. Longer UV irradiation time 

made more NRs (Figure 2A-F). The quantitative value of 

SSA was revealed by BET absorption measurement. Cu 

mesh could not be measured, CuO and UV24 indicated 

0.25 ± 0.01 m2/g and 1.2 ± 0.4 m2/g respectively. UV48 had 

the highest SSA 2.2 ± 0.9 m2/g which was 8.8 times larger 

than CuO and 1.8 times larger than UV24. Also, S-UV48 

was 1.3 times larger than S-UV24 (Table 1). Longer UV 

irradiation time and without spattering made numerous and 

narrower NRs which resulted in larger SSA. 

Photoelectrochemical characteristics: UV48 indicated 

the highest H2 generation rate 2.8 ± 0.2 µmol/cm2/min and 

faradaic efficiency (ηF) 85.2 ± 5.7 %. UV48 had 1.4 times 

larger H2 generation rate and 1.5 times larger ηF than UV24. 

H2 generation rate and ηF of UV48 were 1.2 and 1.1 times 

larger than S-UV48 respectively (Table 1). There were 



three possible reasons for the improvement of H2 

generation performance. (1) An increase of NRs minimized 

reflection loss of light which means improvement of light 

absorption. (2) Construction of nanostructure prevented 

hole-electron recombination in brief, photon-to-current 

efficiency was improved. (3) An increase of ZnO/CuO 

surface-electrolyte interface made a large reaction area. 

UV-vis revealed light absorption competence. 

Average light absorption from 350 nm to 600 nm of UV48 

was 73.2 ± 6.2 %, UV24 was 69.5 ± 3.9 %, S-UV24 was 

70.2 ± 2.2 % and S-UV48 was 65.2 ± 3.0 % (Figure 3A). 

The absorption ability of UV48 and UV24, S-UV24 were 

almost the same. S-UV48 was inclined to be lower than 

other samples. ABPE revealed photon-to-current efficiency. 

Maximum ABPE of UV48 and UV24, S-UV24 were 

0.68 % and 0.71 %, 0.68 % respectively and there was no 

difference between the three samples. S-UV48 indicated 

ABPE 0.47 % which was lower than other samples (Figure 
3B). UV48 and UV24, S-UV24 showed comparable results 

about light absorption and ABPE. Furthermore, S-UV48 

that had the second highest H2 generation performance 

showed lower light absorption and ABPE compared to 

other samples. Therefore, (1, 2) could not account for a rise 

of H2 production performance and increase of ZnO/CuO 

surface-electrolyte interface mainly improved H2 

generation ability in this study. Accordingly, further 

irradiation of UV is expected to the advancement of the H2 

generation ability of nanostructured ZnO/CuO composite. 

Compared with previous reports about other 

ZnO/CuO composite, nanostructured ZnO/CuO composite 

fabricated in this study had 5 times larger photocurrent. 

Also, this study achieved a 70 % H2 generation rate 

compared with IrOx･nH2O-modified CdSe/CdS/ZnO NW 

which was reported as maximum photocurrent in ZnO-

based electrode fabricated in high temperature and using 

rare metal (Table 2). Namely, cheap and abundant 

material combined by convenient method indicates high H2 

generation performance. However, an additional voltage 

was needed to generate H2 in the present state.  

 

Conclusion 
 
In summary, nanostructured ZnO/CuO composite was 

fabricated in pure water at normal temperature and pressure. 

For the optimum fabrication condition, spattering which 

provides a precursor of ZnO was unnecessary, and UV 

irradiation for 48 hours was required. Nanostructured 

ZnO/CuO composite fabricated by optimum condition had 

2.8 ± 0.2 µmol/cm2/min as H2 generation rate, 85.2 ± 5.7 % 

as faradaic efficiency. An increase of ZnO/CuO surface-

electrolyte was a primary factor of improvement in the H2 

generation performance of ZnO/CuO. Besides, the 

photocurrent of nanostructured ZnO/CuO composite 

fabricated in this research was 5 times higher than the 

already reported ZnO/CuO composite. The H2 generation 

rate of nanostructured ZnO/CuO composite achieved 70 % 

of IrOx･nH2O-modified CdSe/CdS/ZnO NW having the 

highest photocurrent of ZnO-based photoelectrode which 

fabricated by using rare metal in high temperature and 

chemical condition. Namely, facile fabrication of high-

performance photosemiconductor was succeeded however, 

severing from the power source was remained as a waiting 

solution for further improvement. 

 

 
Figure 1. Schematic image of (A) MPES cell, (B) nanostructured 

ZnO/CuO composite 

 

 
Figure 2. SEM images of (A) Cu mesh, (B) CuO NWs, (C) UV24, 

(D) UV48, (E) S-UV24, (F) S-UV48 

 
Table 1. Specific surface area of each samples and H2 generation 

performance of each fabrication conditions 

 
 

 
Figure 3. Comparison of (A) light absorption rate and (B) ABPE 

for each fabrication conditions 

 
Table 2.  Comparison of photo current and H2 generation rate with reported studies 
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Sample

Nanostructured ZnO/CuOcomposite
ZnO/CuO heterojunction  branched-NWs
IrOx nH2O-modified Cdse/Cds/ZnONW

Photo current

-2.42 mA/cm2 (-0.5V vs. Ag/AgCl)
-0.48 mA/cm2 (-0.45V vs. Ag/AgCl)
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