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The effect of potential and pH on the formation of Cu2O and Cu nanowires in AAO template have 

systematically been studied by Potentiostate, XRD, SEM, TEM and EDX. The pure Cu2O nanowires 

were electrodeposited at voltage (−0.3 V) and pH (8.2). At higher voltage (−0.6 V and −0.5 V) with 

low pH 8.2, there was co-existence of Cu and Cu2O nanowires. At voltage −0.5 V with pH 9, the pure 

Cu2O nanowires are formed. A mechanism is proposed for the formation of cuprous oxides nanowires. 

The formation of pure Cu2O nanowires can be attributed to the formation of large size critical Cu 

nuclei, the larger size of nuclei favors the formation of pure cuprous oxides nanowires. 
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1. INTRODUCTION 

Cuprous oxide (Cu2O) is an attractive p-type semiconductor with energy band gap of 2.0-2.2 

eV [1]. The high optical absorption coefficient in the visible range and noble electrical properties of 

Cu2O make it an attractive semiconductor [2]. Daltin et al. fabricated cuprous oxide films and 

nanowires in a polycarbonate membrane by cathodic reduction of an alkaline cupric lactate solution[3]. 

Lee et al fabricated Cu/Cu2O composite nanowires on Si via anodic alumina oxide (AAO) template by 

electrodeposition at different current densities [4]. At low current density pure Cu2O films are formed, 

but at higher current density pure Cu nanostructured is obtained. Deposition from intermediate current 

density Cu/Cu2O composite is formed. According to their view, Cu and Cu2O can be formed by 

altering the H
+
 and OH

−
 ions due to variation of current density. Wang et al explained the mechanism 

of formation of Cu, Cu/Cu2O and pure Cu2O in AAO template. They explained that the evolution of 
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hydrogen may responsible for the formation of pure Cu2O. At lower pH there is a lot of H
+
 ions present 

in the pores to form the oxide nanowires, but at high pH the hydrogen evolution depleted and 

concentration of OH
−
 ions increased to react with Cu

+
 ions to form the Cu2O.  

In their study they only relate the cuprous oxide formation with the hydrogen evolution. We 

believe that besides with the hydrogen evolution the most important factor is the size of critical nuclei. 

Moreover, the elemental processes of electrodeposition are still not well understood. Therefore, we 

first give the results on effect of pH, and deposition potential on the formation of Cu2O and Cu 

nanowires in AAO template and then proposed a mechanism to justify the effect of different 

experimental conditions on the formation of Cu2O and Cu nanowires. 

 

 

2. EXPERIMENTAL DETAILS 

The porous anodic alumina oxide (AAO) templates were prepared via a two-step anodization 

procedure, like in our previous work [5-10]. The templates obtained by this method have hexagonally 

arranged cylindrical pores of about 50 nm diameter and the length of about 65µm. In order to deposit 

metal oxide nanowires into the pores of AAO templates, a gold film was sputtered onto the back side 

of the AAO templates to serve as a working electrode with area of 0.608 cm
2
 ( 2)88.0(25.0 cm ). 

The potentiostatic deposition was performed in a three electrodes cell. The electrolytes was a 

mixture of CuSO4 (0.356 M) and H3BO3 (0.68 M) solutions. After adding certain amount of NaOH, the 

electrolyte was stirred for the whole night by a magnetic stirrer and then pH value was adjusted to 8.2, 

and 9 with 1 M NaOH/H2SO4. A graphite electrode with area 14.7cm
2
 (= cmcm 5.32.4  ) was used as 

counter electrode and a Saturated Calomel Electrode (SCE) as reference electrode. Direct-current 

electrodeposition was conducted at three different voltages (−0.3 V, −0.5 V, and −0.6 V) for pH 8.2, 

and at −0.5 V for pH 9.  

The structural analysis of electrodeposited nanowires was done by X-ray Diffraction (XRD, Y-

2000) with Cu-Kα radiations. The electrodeposited nanowires were analyzed by scanning electron 

microscope (SEM, JEOL JSM-6700F), and TEM (TEM, FEI Tecnai G
2
 20 UTwin) with energy 

dispersive spectrometer (EDS, Model: Le350 PentaFETx-3). For SEM observation, AAO templates 

were partly dissolved in 5 wt.% NaOH solution and carefully washed many times. Templates were 

fully dissolved in 5 wt.% NaOH solution and subsequent rinsing with distilled water for TEM 

observation. 

 

 

3. RESULTS 

Figure 1a shows the XRD patterns of Cu/Cu2O nanowires deposited in the solution of pH 8.2 at 

different potentials of −0.3 V, −0.5 V, and −0.6 V at room temperature. The XRD patterns were 

collected from the top side of nanowires. It was found that the electrodeposition of copper oxide 

nanowires lie on the deposition potentials.  
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Figure 1. XRD patterns of Cu/Cu2O nanowires deposited into the nanopores of AAO templates: (a) at 

−0.3 V, −0.5 V, and −0.6 V with pH 8.2, and (b) at −0.5 V with pH 8.2 and 9.0. 

 

When electrodeposition is performed in the same electrolytic cell at different potentials, the Cu 

nanowires transformed to copper oxides. At −0.6 V, there was a mixture of Cu/Cu2O nanowires. Cu 

nanowires grows along (111), (200), and (220) planes. On the other hand, Cu2O nanowires also grow 

along (111), (200), and (220) plane. The intensity of the peaks for the Cu nanowires decreases with the 

decrease in potential, while for Cu2O nanowires it increases. When the deposition potential is 

decreased to −0.5 V, the Cu-(220) plane vanished and a new plane for Cu2O-(311) was observed. 

Decreasing the potential to −0.3 V, all the peaks for Cu nanowires were vanished and only the pure 

Cu2O nanowires phases were existed in the XRD pattern.  

To study the effect of pH on the electrodeposition of Cu2O nanowires, Cu/Cu2O nanowires 

were deposited at room temperature with −0.5 V and different pH. Figure 1b shows the XRD patterns 

of Cu/Cu2O nanowires deposited with pH of 8.2 and 9.0. At lower value of pH there was a mixture of 

Cu/Cu2O nanowires, by increasing the pH value to 9.0, all the phases formed in the XRD pattern 

shows the pure Cu2O nanowires. The phenomenon for the electrodeposition of pure Cu2O nanowires 

will be discussed in the next section. 
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Figure 2. SEM images: (a) −0.3 V and pH 8.2, and (b) pH 9.0 at −0.5 V. 

 

Figure 2 shows the TEM image of electrodeposited Cu2O nanowires. The chemical 

composition for the Cu/Cu2O nanowires is shown in Table 1.  

 

Table 1. Chemical composition for the Cu/Cu2O nanowires 

 

Points 
pH 8.2,  V = −0.3 V pH 9, V = −0.5 V 

Cu (at. %) O (at. %) Cu (at. %) O (at. %) 

a 87.88 12.12 88.84 11.56 

b 87.73 12.27 88.60 11.40 

c 87.81 12.19 88.33 11.67 

d 87.48 12.52 88.04 11.96 

e 87.95 12.05 88.71 11.29 

 

To get the better understanding for chemical composition, a single electrodeposited nanowire at 

−0.3 V with pH 8.2 was selected and at different points (a, b, c, and d) spectrum was measured, as 

shown in Fig. 3a. The spectrums show that at all different points the Cu/O ratio (~88% of Cu and 

~12% of O) is same, which means that the whole nanowire is of pure Cu2O. Figure 3b shows the TEM 

image of a single Cu2O nanowire deposited at −0.5 V with pH 9.0. The chemical composition of Cu 

and O is ~86% and ~14%, respectively, indicating that at high pH with high potential, pure Cu2O 

nanowires can be grown.  
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Figure 3. TEM image of electrodeposited Cu2O nanowires: (a) at −0.3 V with pH 8.2, and (b) at −0.5 

V with pH 9.0. 

 

Figure 3a illustrates the SEM image of Cu2O nanowires deposited at −0.3 V and pH 8.2, and 

Fig. 3b shows the image with pH 9.0 at −0.5 V. The diameter of the Co nanowires is the same as that 

of the pores of AAO template (~50nm), which means that the hexagonal pores of AAO templates are 

fully filled. 

 

 

 

4. DISCUSSION 

The formation of Cu nanowires is attributed to the charge transfer reactions represented in the 

following equations[11] 
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     (1) 

In alkaline electrolytes the higher pH favors the formation of  [12], the  ions react 

with  ions to form the  nanowires; the possible reactions are given by: 

   (2)  

   (3) 

The formation of copper oxides takes place on a polycrystalline Au surface. The geometrically 

irregular surface structure of the polycrystalline Au in nanoscale leads the formation of clusters with 

various shapes. is not smooth but geometrically irregular in the nanoscale. This leads to the clusters 

formed on the Au surface having various shapes. The formation of  nanowires in the pores of 

AAO template is connected with pH and the applied potential. Figure 4 shows the mechanism of 

forming  at different potentials and pH, and is described below.  

First  nuclei with different sizes were formed depending on the bath conditions. Then, 

these nuclei undergo crystallization process and grow as  nanowires inside the pores of AAO 

template. Many researchers confirmed that a local increase of the pH at the pore base region of the 

AAO template is required for the formation of  in the acidic electrolyte [13]. The formation of 

copper oxides takes place when Cu
+
 ions react with OH

− 
ions.  At lower pH<8 the reduction process is 

thermodynamically favored and copper metal forms [12] as expressed in Eq. (1). The higher pH>8 

favors the formation of  [14, 15], because high pH is likely response to increase in the 

concentration of hydroxyl ions in the solution. By neglecting the complexity of the relevant reaction, 

these OH
−
 ions react with the Cu

+
 ions to form copper hydroxide nuclei according to Eq. (2). Further, 

these formed copper hydroxide nuclei dehydrate in the pores of AAO and form  nanowires by 

reaction mentioned in Eq. (3).  

In crystal growth, the surface morphology is largely determined by the crystal surface with the 

slowest growth rate. The deposition rate of copper oxide perpendicular to the surface is proportional to 

the voltage and can be expressed as: 

    (4) 

where M is the molar mass of  (143.1g/mol
-1

),  V is the applied potential, z=2 is the 

number of electrons participating in the electrodeposition of one molecule of , ρ is the bulk 

density of  (5.9 g.cm
–3

) and F is the Faraday constant (96487 C. mol
–1

). The growth rate is 

directly related to the voltage, so lower the voltage is, lower will be the deposition. This rate can be 

argued by using the classical electrochemical nucleation theory, the free energy of formation of a 3 

dimension cluster N, )(NG , is given by [16, 17] 

3

2

)( bNNzeNG                                   (5) 

where z is the valence of the metal ions, e is the elementary electric charge,   is the 

overpotential (
eqVV  , where V is the applied potential and Veq the equilibrium potential ), b is the 

constant depending on the geometrical shape of the cluster. Taking the derivative of Eq. (1) with 

respect to N and equating to zero yields the size of the critical cluster, Nc   

3

3

2










ze

b
N c                                        (6)  
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From eq. (2), it can be seen that the size of the critical cluster Nc depends on both overpotential 

( ) and the geometrical shape of the cluster (b). The size of the critical cluster decreases with 

increasing the overpotential.  

 

 

 

Figure 4. Schematic illustration showing the formation of Cu2O nanowires in pores of AAO template: 

(a) Low voltage and low pH, forming small Cu
+
 nuclei and less OH

-
 ions, (b) Less high voltage 

and Low pH, and (c) low voltage and high pH. (Not drawn in scale). 

 

The physical meaning of the critical cluster is that the critical cluster can be either transformed 

into a crystal nucleus for growth if gaining one atom or dissolved if losing one atom [17]. It can 

therefore be seen from eq. (2) that the sizes of the critical clusters Nc formed under a fixed deposition 

potential should have a distribution because of different shape factors (b). When the potential is high 

(−0.6 V) the sizes of critical clusters become small, these small can find much space in the pores to 

reach the surface and to adsorbed to form Cu nanowires. As the potential become less negative the size 

distribution of critical clusters shifts to large size, larger sizes react with the present OH
−
 ions and 

dehydrate to form Cu2O, but still some of Cu nuclei were there to adsorb as the Cu nanowires. For 

deposition at −0.3 V the size is large enough that all coming nuclei could react with OH
−
 ions to 

deposit the pure Cu2O nanowires.  

 

 

 

5. CONCLUSIONS 

It is concluded that the formation of pure Cu2O nanowires at (-0.3 V) with pH (8.2) and at (-0.5 

V) with pH (9.0) in pores of AAO templates can be accredited to larger Cu critical clusters. At a fixed 

potential, there is a distribution in size of the critical clusters, which can be shifted to large sizes at low 
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potential. The sizes of all critical clusters at −0.6 V can be small enough, find much space in the pores 

to adsorb and to form Cu nanowires. At −3.0 V, all Cu critical clusters can be large in size enough, 

decreasing the number of Cu nuclei in the pore base region to react with the existing OH
−
 ions, 

favoring the growth of Cu2O nanowires. 
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