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As an environmentally-friendly p-type semiconductor, cuprous oxide (Cu2O) has exhibited potential 

applications, in particular sensors, solar cells, and Li-ion batteries. In this paper, uniform Cu2O 

nanocubes were large-scale fabricated through a solution-based chemical precipitation method. The as-

synthesized products were characterized by XRD and SEM. As anode materials for Li-ion batteries, 

Cu2O nanocubes show excellent cycling performance, high capacity retention and coulombic 

efficiency. 
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1. INTRODUCTION 

Rechargeable Li-ion batteries are widely regarded as a potential power source for upcoming 

century become of the growing concern about energy crisis and environmental protection. The main 

advantages of the Li-ion batteries are its high energy density and lightweight, whereas its disadvantage 

is lower power which limits its application in some situations especially for electric vehicles (EVs) and 

hybrid electric vehicles (HEVs) [1-4]. It is highly desired to develop better cathode and anode 

materials leading to enhanced electrochemical properties and economical Li-ion batteries[5, 6]. 

Therefore, several research groups have devoted to alternative anode materials with high capacities 

such as silicon-based materials [7], sulfide [8], lithium alloying metals[9] and transition metal 

oxides[10] in order to replace the conventional graphite anode materials[11-13]. Among these potential 

anode materials, cuprous oxide (Cu2O) has attracted immerse attention as an anode material thanks to 

its non-toxicity, low-cost and reversible mechanism with Li
+
 [14-16]. Unfortunately, there are several 
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problems that limit the application of Cu2O, including rapid capacity fading and poor cycling stability, 

which are caused by the large-volume change and low conductivity during cycling [17, 18]. To 

overcome these problems, the synthesis of micro- or nano-structured Cu2O has become one of the most 

promising strategies. Until now, many kinds of micro- or nano-sized Cu2O have been studied, for 

example, nanowires/nanorods, spheres, starfish-like and octahedral-shaped architecture, hollow/core-

shell structure, and nanocubes[19-22]. According to previous studies[21, 23], Cu2O nanocubes display 

superior Li-ion batteries’ performance with excellent cycling performance, high capacity retention and 

coulombic efficiency. However, the preparation method of Cu2O nanocubes is expensive and very 

difficult to industrially large-scale production.  

Herein, we report a large-scale and economical method to synthesis Cu2O nanocubes via a 

solution-based chemical precipitation method. As anode materials for Li-ion batteries, the as-

synthesized samples show excellent cycling stability and reversibility. 

 

 

 

2. EXPERIMENTAL 

2.1 Synthesis 

All the chemical reagents were of analytical grade and used as purchase without any further 

purification. In a typical synthetic procedure, 0.85 g of CuCl2·2H2O was dissolved in 500 mL of 

distilled water under vigorous stirring at 60 
o
C. When the solution became homogeneous, 50 mL of 

NaOH (2 M) was introduced to the solution. After stirring for 30 min, 50 ml of L-Ascorbic 

acid(C6H8O6) (0.6 M) was added slowly into the above solution under stirring. Then, the mixed 

solution was stirred for 3 h at 60 
o
C to form brick-red Cu2O precipitates. Once being cooled to the 

room temperature naturally, the collected precipitates were centrifuged several times with de-ionized 

water and ethanol. Finally, the as-synthesized products were dried in vacuum at 60 
o
C for 24 h.  

 

2.2 Materials characterization 

The crystal structure and phase impurity of the samples were evaluated by X-ray powder 

diffraction (XRD, TD-3500X) with Cu Ka radiation at a scanning rate of 0.07 
o
 s

-1
 between 10

o
 and 

80
o
. The morphology and the microstructure were examined by scanning electron microscopy (SEM, 

FEI Quanta 250, USA). 

 

2.3 Electrochemical measurements 

The electrochemical performance was tested using standard coin-type half cells. The working 

electrodes were firstly prepared by mixing 80 wt% of active materials, 10 wt% of acetylene black, and 

10 wt% of polyvinylidene fluoride (PVDF) dissolved in a certain amount of N-methyl-2-pyrrolidone 

(NMP) to form a homogeneous slurry. Subsequently, the slurry was uniformly coated onto the Cu foil 

and dried at 120 
o
C for 8 h under vacuum condition. The electrolyte was 1 M LiPF6 with the mixture of 
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ethylene carbonate (EC) and dimethyl carbonate (DMC) (1:1 v/v). A metallic lithium foil was used as 

the counter electrode. All the half cells were assembled in an argon filled glove box. The 

charge/discharge measurements were carried out at the current density of 100 mA g
-1

 in the voltage 

range of 0-3 V using Battery Testing System (Neware BTS-610) at room temperature. 

 

 

 

3. RESULTS AND DISCUSSION 

 
 

 
 

Figure 1. (a) X-ray diffraction pattern of Cu2O nanocubes, (b) SEM images of Cu2O nanocubes. 

 

To identify the crystal structure and phase impurity of the Cu2O nanocubes, XRD experiment 

was tested. Fig.1a shows the XRD pattern of the samples and the standard card of Cu2O. It is observed 
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that all the diffraction peaks of 2θ values at 29.67°, 36.52°, 42.41°, 52.54°,61.42°, 73.58° and 77.50° 

can be well attributed to (110), (111), (200), (211), (220), (311) and (222) planes of the cubic phase of 

Cu2O (JCPDS 75-1531), respectively. There is no other noticeable peaks belonged to the impurities, 

which indicates that high purity Cu2O has been synthesized successfully.  

SEM was performed to determine the morphology and microstructure of the as-synthesized 

products. As shown in Fig.1b, the SEM image of low magnification shows that the samples present a 

cubic structure with a relative uniform size. The high magnification SEM pattern inserted in Fig.1b 

reveals that the edge length of Cu2O nanocubes is about 800 nm. 

Half cells were assembled to evaluate the electrochemical performance of the Cu2O nanocubes 

using galvanostatic charge/discharge tests. Fig.2a displays the initial three charge/discharge cycles at 

the current density of 100 mA g
-1

 between 0 and 3 V. The initial discharge capacity of Cu2O 

nanocubes is 473 mAh g
-1

, which is higher than the theoretical capacity. However, the charge capacity 

decreases to 148.81 mAh g
-1

 in the first cycle, and the coulombic efficiency is 31.45%. High initial 

capacity loss of 324.35 mAh g
-1

 is attributed to the formation a solid electrolyte interface (SEI) layer 

and electrolyte decomposition, which is commonly reported about most anode materials[24-26]. The 

SEI layer is a passivation film of electrical insulation and ion conduction on the Cu2O surface caused 

by the electrolyte decomposition, which can consume limited Li
+
 and increase the interface resistance 

between electrode and electrolyte [27-29]. In the following cycles, the reversible capacity is almost 

stable and the coulombic efficiency is enhanced. In addition, in the first discharge cycle, there are two 

potential plateaus at about 1.2 V and 0.9 V, indicating the formation of SEI layer and the reduction of 

Cu2O to Cu, respectively. In the first charge cycle, only two weak potential plateaus are observed. And 

no obvious changes of the discharge and charge potential plateau in the subsequent cycles except the 

potential plateau at about 1.2 V is disappeared, which suggesting that the Cu2O electrodes become 

more reversible and stable. 

To further confirm the electrochemical performance of the Cu2O nanocubes, the cycling 

performance was carried out at the current density of 100 mA g
-1

 between 0 and 3 V in Fig.2b.  
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Figure 2. (a) Charge-discharge voltage profiles of Cu2O nanocubes during initial three cycles at the 

current density of 100 mA g
-1

,(b) Capacity and coulombic efficiency at the current density of 

100 mA g
-1

 over 50 cycles. 

 

The initial discharge capacity is 473 mAh g
-1

 which is high than the previously reported cubic 

shape Cu2O (390 mAh g
-1

)[21], subsequently, the discharge capacity rapidly decreases to 142 mAh g
-1

 

at the second cycle and maintains around 126 mAh g
-1

 during the subsequent cycles. A reversible 

capacity of 127 mAh g
-1

 is much high than 82.40 mAh g
-1

 of spherical Cu2O[30], with almost 85 % of 

capacity retention even after 50 cycles. Besides, it shows a high coulombic efficiency of over 98 % 

except the first five cycles. These results indicate that Cu2O nanocubes maintain good cycling stability 

and high coulombic efficiency. 

 

 

4. CONCLUSIONS 

In summary, we have successfully prepared Cu2O nanocubes with edge lengths of 800 nm by a 

chemical precipitation method. As anode materials for Li-ion batteries, Cu2O nanocubes exhibit 

excellent electrochemical cycling performance, capacity retention, and coulombic efficiency. The 

results show that the first discharge capacity of the Cu2O nanocubes is 473 mAh g
-1

 at 100 mA g
-1

, and 

is still maintained 127 mAh g
-1

 with almost 85 % of capacity retention even after 50 cycles, indicating 

that Cu2O nanocubes maintain good cycling stability and high coulombic efficiency. 
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