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Graphical abstract 

 

Morphology-controlled CuO nanoparticles for electroreduction of CO2 with an 

excellent selectivity for ethanol. 
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Morphology-controlled CuO nanoparticles for 

electroreduction of CO2 to ethanol 

Dinghui Chi, Hengpan Yang, Yanfang Du, Ting Lv, Guojiao Sui, Huan Wang*, 

Jiaxing Lu**

CuO nanoparticles with five morphologies were synthesized 

in large quantities using simple method. They were in situ 

reduced to metallic Cu for the electroreduction of CO2. 

Alcohols with excellent selectivity for ethanol were obtained. 

Specific morphology was demonstrated to be more 

electrocatalytic active than others by multiple methods. 

Electrocatalytic reduction of CO2 draws growing attention 

since it could both fix greenhouse gas and produce diverse 

useful compounds.1-3 In the past years, most metals, such as Cu, 

Ni, Ag, Pt, Fe and Ti, 4 have been explored as cathode material 

for electroreduction of CO2, but only Cu-based catalysts can 

produce hydrocarbons or alcohols with high Faradaic 

efficiency.5-7 Because copper electrode has low stability 

especially in aqueous solutions, 8 surface modified electrodes 9-

13 were utilized to get more stable and effective electrode 

surface. And it is also reported that the pre-14, 15 or in situ16 

reduction of copper oxide was an alternative route to achieve 

metallic Cu for CO2 reduction.  

However, these Cu-based electrodes have poor selectivity, 

and large range of reductive products including methane, 

ethane, alcohols, CO and formic acid with various Faradaic 

efficiencies were obtained.9-14 So it is necessary to improve the 

selectivity of electrodes for valuable products instead of less 

valuable products such as formic acid. What’s more, different 

preparation methods for Cu-based electrodes could get different 

surface structures and morphologies, which would generate 

different electrocatalytic activity.12-16 Therefore, the influence 

of surface structures and morphologies also need further 

exploration. 

In our recent research, large quantities of CuO nanoparticles 

with five kinds of morphologies were synthesized by 

hydrothermal method (ESI†). They were directly loaded on 

carbon paper electrode and in situ reduced to metallic Cu for 

the electroreduction of CO2. Low-carbon alcohols were 

obtained with excellent selectivity for ethanol, which could be 

used for long term chemical storage of electric energy. 

Moreover, it was demonstrated by multiple methods that CuO 

nanoparticles with different morphologies did have different 

electrocatalytic activity. 

Firstly, CuO nanoparticles were characterized by X-Ray 

Diffraction. Fig. 1 clearly shows that typical diffraction peaks 

of CuO are contained in all the five samples, and there is no 

trace of other substance except for CuO, such as Cu2O or Cu. 

 
Fig.1 a-e: X-ray diffraction (XRD) patterns of CuO nanoparticles before 

electrolysis of sample a-e, n: sample a after 1 h electrolysis.  

High-resolution SEM further characterized the structures and 

morphologies of CuO nanoparticles prepared under different 

conditions (Fig. 2). As expected, different structures and 

morphologies were obtained under different preparation 

conditions. Sample a has 3 dimensional spherical structure in 

the ~4 µm size range, assembled from uniform nanorods in the 

~10 nm size range (Fig. 2a-1, 2a-2). Sample b also has 3 

Page 2 of 4RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



COMMUNICATION Journal Name 

2 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

dimensional spherical structure but in the ~2µm size range, 

assembled from nonuniform nanoparticles in the ~200 nm size 

range (Fig. 2b). Sample c owns 2 dimensional structure 

assembled from nanoparticles in the ~200 nm size range for 

width and in the ~400 nm size range for length (Fig. 2c). 

Sample d owns nanosheet structure in the ~1µm size range for 

length and 400 nm for width (Fig. 2d). Sample e has uniform 

nanorods structure in the ~150 nm size range for length and 20 

nm for width (Fig. 2e). More SEM patterns with various 

magnifications could be seen in Fig. S1 (ESI†). 

 

 

 
Fig. 2 FE-SEM patterns of CuO nanoparticles. (a-1), (a-2): sample a; (b)-(e): 

sample b-e. 

In order to investigate the influence of CuO nanoparticles on 

CO2 electroreduction, all the five samples with totally different 

structures and morphologies were loaded on carbon paper 

cathode for the electrolysis at a constant cathodic potential of -

1.7 V in 0.2 M KI aqueous solution. In all cases, methanol 

(trace), ethanol and n-propanol were obtained and ethanol 

accounted for a proportion more than 95% (Fig. 3), which 

indicates that the CuO nanoparticles we synthesized have an 

excellent selectivity for ethanol, while mixed reduction 

products were achieved at Cu-based electrodes reported in 

previous literature.9-14 What’s more, under the same reaction 

conditions, sample a has obvious advantage over others, and the 

total Faradaic efficiencies obtained at sample a is 1.9, 2.4, 2.8 

and 3.9 times more than sample b, sample c, sample d and 

sample e, respectively (Fig. 3A).  

Nitrogen adsorption-desorption isotherms were performed to 

explain the different Faradaic efficiencies. Sample a has an 

average specific surface area of 45.4 m2/g, which is higher than 

sample b of 28.5 m2/g, sample c of 27.1 m2/g, sample d of 24.6 

m2/g and sample e of 25.4 m2/g. Due to the same loaded weight 

and different specific surface area, this could partially be 

attributed to the highest surface area of sample a. However, 

higher surface area is not in perfect accordance with the 

improved Faradaic efficiency. For example, the Faradaic 

efficiency is 3.9 times higher on sample a than on sample e at -

1.7 V in 0.2 M KI aqueous solution, but the surface area 

increases only 1.8 times. It was reported by other workers that 

morphologies of Cu-based electrodes could affect the 

electrocatalytic activity.15, 17 According to SEM patterns, 

entirely different structures and morphologies were observed at 

the five samples. Therefore, the distinct morphologies of five 

samples would account for the difference in Faradaic efficiency 

as well. 

 
Fig. 3 Electroreduction of CO2 under multiple conditions. A: effect of different 

electrodes (sample a-e), -1.7 V, 0.2 M KI; B: effect of potential, 0.2 M KI; C: 

effect of KI concentration, -1.7 V. 

The influence of cathodic potential and electrolyte 

concentration were also studied. According to Fig. 3B, cathode 

potential has significant influence on the total Faradaic 
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efficiency. As cathode potential decreases from -1.4 V to -2.0 V, 

the total Faradaic efficiency increases first, reaching a 

maximum of 36.1% at -1.7 V, and decreases to 3.8% at -2.0 V. 

The total current density increases with the decline of potential, 

but the effective current density for EtOH gets a maximum at -

1.7 V (Fig. S3, ESI†). As for the influence of KI concentration, 

a maximum of total Faradaic efficiency was obtained at 0.2 M 

(Fig. 3C). As contrast, 15.5% and 18.4% Faradaic efficiency for 

ethanol, 3.6% and 2.9% for n-propanol were obtained in 0.2 M 

KHCO3 and NaHCO3 aqueous solutions at -1.7 V, respectively. 

It indicated that halide ion could improve the Faradaic 

efficiency and selectivity of reduction products, which are 

consistent with those reported by other workers.18  

The electrocatalytic activity of five samples was studied by 

multiple methods. Fig. 4 presents the cyclic voltammograms 

recorded at five samples of CuO nanoparticles from -0.4 V to -

2.0 V in CO2-saturated 0.2 M KI aqueous solutions at a scan 

rate of 0.1 V/s. According to these patterns, the cyclic 

voltammograms for all the five samples show two reductive 

peaks before -1.4 V, which belong to the reduction of CuO 

nanoparticles to metallic Cu. The generation of metallic Cu 

could be confirmed by XRD patterns of sample a after 1 h 

electrolysis. As shown in Fig. 1n, three narrow, obvious 

crystalline peaks correspond to metallic Cu were observed, 

indicating that the CuO synthesized by hydrothermal method 

would be in situ electroreduced to metallic Cu during the 

electrolysis process and serving as efficaciously catalysts for 

the formation of low-carbon alcohols.14, 16 Sample b to e could 

also in situ generate metallic Cu during the electroreduction of 

CO2 (Fig. S2, ESI†). 

 
Fig. 4 Cyclic voltammograms recorded at sample a-e in CO2-saturated 0.2M KI 

aqueous solution at a sweep rate of 0.1 V/s at 25oC. 

And there are two higher reductive peaks in the cyclic 

voltammograms of sample a (Fig. 4a) than sample b to e (Fig. 

4b, c, d, e), which means sample a could in situ generate much 

more metallic Cu. What’s more, cathode loaded with sample a 

results in the most positive onset potential for CO2 

electroreduction. Moreover, the potentials due to CO2 

electroreduction at a constant current density of 10 mA cm−2 

are used, which are -1.49 V, -1.54 V, -1.60 V, -1.62 V and -

1.64 V for sample a to e, respectively. Hence, we can infer that 

sample a is more electrocatalytic active than the other four for 

the electroreduction of CO2.
16 

The stability of sample a to e was tested at -1.7 V in 0.2 M KI 

aqueous solution, all samples could remain highly active after 5 

h of electrolysis. And sample a shows much higher current 

density during the whole test time (Fig. S4, ESI†). 

In conclusion, CuO nanoparticles with high specific surface 

area and five morphologies were synthesized in large quantities 

by simple methods. They were in situ electroreduced to metallic 

Cu for the electroreduction of CO2. It was demonstrated by 

multiple methods that structures and morphologies of CuO 

nanoparticles did have great influence on electrocatalytic 

activity.  
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