
Abstract

A simple method was found to fabricate Cu/rGO/n-Cu2O photo-
electrode to enhance the photocurrent with compared to the device 
Cu/n-Cu2O photo-electrode at semiconductor-electrolyte interface. 
Reduced graphene oxide (rGO) was fabricated on a well cleaned 
copper sheet using electrophoretic deposition (EPD) technique to 
fabricate Cu/rGO. Thereafter Cu/rGO electrode was boiled in a 10-

4M CuSO4 solution to fabricate Cu/rGO/n-Cu2O photo-electrode for 
the first time. Here The rGO acts as a good electron acceptor ton-
Cu2O photo-generated electrons enhancing the charge separation 
process suppressing the recombination process of the photo-
generated charge carriers.

Keywords: n-Cu2O, rGO, Photoelectron Chemical Cell

Photo-Current Enhancement in the Cu/rGO/n-
Cu2O Photo-Electrode at Electrolyte Interface

S.P.A.U.K. Samarakoon1, K.A.S.K. Hemachandra1, C.A.N. Fernando1*

1. 

The renewable energy sources are one of the greatest 
challenges facing us to address the increasing energy 
demand of our society. Solar energy is the largest 
energy source available us and can be converted into 
electricity through the photovoltaic effect[1]. Therefore 
it is encouraged the fabrication of low cost materials for 
energy conversion devices[2].

The potential for Cu2O to be used in semiconducting 
devices has been investigated as it is timely and attractive, 
since this material with a band gap around 2 eV. Many 
researches are based on p type Cu2O, but the simplicity 
of preparation and the non-toxicity of n type Cu2O, it has 
considerable attention for research on this material in the 
past[2]. For this study n-Cu2O layer is formed by boiling 
a well cleaned Cu plate in a CuSO4 solution.

Since the beginning of the last century, carbon based 
systems played major role in energy conversion 
applications [3]. Graphene with two-dimensional structure 
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has been used as excellent charge transfer medium, due to 
its high conductivity, excellent conductivity, high mobility 
of charge carriers and light transmission[4-5]. Ease of 
synthesizing of graphene layer, graphene oxide (GO) 
is used. For further increasing of conductivity, reduced 
graphene oxide (rGO) is used. Electrophoretic deposition 
technique (EPD) is used to deposit rGO because of its 
high deposition rate, good thickness controllability, good 
uniformity, and simplicity of scale up coating [6]. 

From this study n-Cu2O were fabricated on rGO 

enhancement with improved absorption properties  and 
higher steady state photocurrents were found at Cu/rGO/
n-Cu2O electrolyte interface in a photo-electrochemical 
cell as a low cost solar energy conversion device. 

2. Experimental

Cu plates (3 cm × 1 cm) were cleaned and polished with 
sand papers to obtain a mirror like surface. Then the plates 
were thoroughly washed with distilled water. 

The Graphene Oxide (GO) used in this study was prepared 

method [7].2 g of graphite  powder was mixed with 46 ml 

2SO4 and 1 g NaNO3 solution at 0 0C. 6 g of KMnO4 

below 15 0C with vigorous stirring for 30 minutes. The 
suspension was mixed until the temperature exceed 35 0C 
then it became a brownish in color. 92 ml of de-ionized 
water was added slowly while stirring for further 15 min. 

2O2 (30 wt. %) solution was added 
slowly to the mixture and the color of the mixture change 
into yellow in color. The mixture was centrifuged and 
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for several times to remove the residual ions. The powder 
was dried at room temperature in a vacuum desiccator for 
an overnight. 

Fig.1.a shows the diagram of the EPD cell experiment. 
When 10V DC voltage was applied between Pt plate 
and Cu plate, the rGO platelets migrated towards the Cu 

dried[6].

  Experimental Setup of the EPD 
Technique

2

Cu/rGO substrate was immersed in a 5 × 10-3 M CuSO4

solution and boiled to obtain Cu2O layer on the substrate 
to prepare Cu/rGO/n-Cu2O. Boiling time controls the 
amount of Cu2

volume of CuSO4 solution was maintained to provide the 
same experimental conditions for different preparations. 

4 solution after boiling were 

Meter. Schematic structures were presented in Fig.1.b for 
both Cu/n-Cu2O and Cu/rGO/n-Cu2O photo-electrodes.

Cu/n-Cu2O

Cu/rGO/n-Cu2O

  Schematic Diagrams for Electrons Flowing 
of Cu/ n-Cu2O Electrode Before and After 
Introducing rGO

2O and Cu/rGO/n-
Cu2

spectrophotometer. The photocurrent measurements 

fabricated samples were used as the working electrode. 
(10-2M)Fe2+/Fe3+(10-4M) solution was used as the 
electrolyte.

3.

4 (10

Fig. 2.a shows the variation of the photocurrent with 
boiling period of copper sheets in 10-4M CuSO4 solution. 

min boiling period producing n-Cu2O on copper sheets 
2. Fig. 2.b shows the variation of 

the photocurrent with boiling period in 10-4M CuSO4

min boiling period higher value of steady photocurrent 
2 is reported with compared to that of bare 

n-Cu2O as shown in Fig. 2.b.
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Fig. 3 shows the variation of n-Cu2O amount produced 
with time, on bare copper sheets and Cu/rGO respectively. 

2O, saturation was reached before 
the saturation of n-Cu2O amount produced on copper 
sheets. So that it can be concluded that the formation 
of n-Cu2

compared to the n-Cu2O fabrication on bare copper sheets 
according to the chemical reaction presented as follows. 
ie

Cu2+ 
2 2

+                 (1)

4  Boiling 

4 solution, when Cu2O layer 
grows on the Cu plate and Cu/rGO electrodes as a function 

Fig. 2.a:   The Variation of Photocurrent with  Various Boiling Periods of Copper Sheets in 10-4M CuSO4 
Solution

Fig. 2.b:   The Variation of Photocurrent with Different Boiling Periods  of Cu/rGO Electrodes in 
10-4M CuSO4 Solution
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at the beginning and saturates at around 4 for both cases. 

immediately occurs for Cu/rGO electrodes with compared 
to that of n-Cu2O produced bare copper system. This 

2O 

well known that rGO can acts as a good electron acceptor 
[9]. So that rGO facilitates repelling Cu2+ ions from the 
solution to reach Cu on the copper substrate very fast to 
form quality n-Cu2

very rapidly. 

  The Growth Rate of Cu2O Layer as a 
Function of Boiling Time for (a) Cu/ n-Cu2O 
(b) Cu/rGO/n-Cu2O

  pH Variation in CuSO4 Solution as a 
Function of Boiling time for (a) Cu/ n-Cu2O 
(b) Cu/ rGO/n-Cu2O

  Absorption Spectra of (a) Cu/n-Cu2O 
 (b) Cu/rGO/n-Cu2O 

  Photo Current Action Spectra of 
(a) Cu/ n-Cu2O (b) Cu/ rGO/ n-Cu2O

photocurrent action spectra of   Cu/n-Cu2O and Cu/rGO/
n-Cu2O photo-electrodes reporting the absorption edges 

occurs only due to the light absorption of the Cu2
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be observed around the corresponding absorption edges 

photocurrent enhancement is clearly observed for the Cu/
rGO/n-Cu2O photo-electrodes. Since the rGO facilitates 
to reach the Cu2+ ions towards the copper surface 

can be expected for the n-Cu2

2O is the facilitation to 
collect photo-generated electrons readily suppressing the 
electron hole pair recombination.

4. 

Cu/rGO/n-Cu2O photoelectrodes exhibit enhanced 
photocurrent at electrolyte interface. Good crystalline 

expected  for  n-Cu2

to improve   the absorption properties of the n-Cu2

deposited on Cu/rGO.
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