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Amino Acid Modified Copper Electrodes for the Enhanced 
Selective Electroreduction of Carbon Dioxide towards 
Hydrocarbons 

  

Ming Shi Xie,a Bao Yu Xia,a Yawei Li,b Ya Yan,a Yanhui Yang,a Qiang Sun,b Siew Hwa Chan,c Adrian 
Fisher,d and Xin Wang*a 

 

Electroreduction of carbon dioxide to hydrocarbons has been proposed as a promising way to utilize CO2 and maintain 
carbon balance in the environment. Copper (Cu) is an effective electrocatalyst for such purpose. However, the overall 
selectivity towards hydrocarbons on Cu-based electrodes is still very limited. In this work, we develop a general amino acid 
modification approach on Cu electrodes for selective electroreduction of CO2 towards hydrocarbons. Remarkable 
enhancement in hydrocarbon generation is achieved on these modified copper electrodes, regardless of the morphology 
of the Cu electrodes. A density functional theory calculation reveals that the key intermediate CHO* is stabilized by 
interacting with –NH3

+ of the adsorbed zwitterionic glycine. Our results suggest that amino acids and their derivatives are 
promising modifiers in improving the selectivity of hydrocarbons in CO2 electroreduction. 

 

1. Introduction 
Carbon dioxide (CO2) is the primary greenhouse gas emitted 
through human activities. Since the industrial revolution, fossil fuel 
combustion has rapidly increased its concentration in the 
atmosphere, leading to drastic environmental concern.1 CO2 
conversion has been proposed as a potential way to maintain 
balance in the carbon cycle and develop a sustainable society, and 
many kinds of technologies like photocatalytic reduction and 
Fischer-Tropsch synthesis have been already applied in this area.2-7 
In line with this, electrochemical reduction of CO2 to hydrocarbons 

using 
 
 
 
 
renewable energy is attractive due to its high conversion efficiency 
and desirability of the hydrocarbon-based products that can be 
obtained.8-12 Many electrocatalysts including metal and molecule 
pyridine catalysts have been investigated for CO2 reduction in the 
past decades.13-25 Of all the metals examined hitherto, only copper 
(Cu) has shown a unique ability to produce hydrocarbons with 
reasonable Faradaic efficiency (FE).26, 27 Achieving high efficiency in 
the Cu-catalyzed CO2 reduction process requires Cu electrodes with 
sufficient active sites.28 Various nanostructured Cu electrodes have 
thus been reported to enhance the activity and selectivity.29-33 
Nevertheless, the overall selectivity towards hydrocarbons is still 
very limited.34 Particularly, the final hydrocarbon mixtures obtained 
are mostly composed of methane (CH4) and ethylene (C2H4).35-38 
Typically, only very small amounts of ethane (C2H6) are produced, 
and high carbon products like propene (C3H6) are even rarer.39  
       Theoretical calculations reveal that effective catalysts must be 
capable of efficiently catalyzing the protonation of adsorbed CO to 
adsorbed CHO or COH and exhibit simultaneous poor activity for 
the competitive hydrogen evolution reaction.40, 41 It is further 
proposed that the presence of certain ligands on the catalyst 
surface would stabilize such adsorbed intermediates (CHO or COH) 













Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx Energy Environ. Sci., 2015, 00, 1-3 | 7 

Please do not adjust margins 

Please do not adjust margins 

Cu NW film electrodes during such a long electrochemical operation 
period. The similar trend of FE and current density changing 
demonstrates that the modification would be stable. The stable 
adsorption of amino acids on Cu NW film electrodes during 
electrolysis is further supported by the XPS results (Figure 8A). The 
retained Cu NW morphology and similar EIS results further prove 
the robust structure (Figure S17 and Figure 8B). Both of the robust 
structure and stable adsorption of amino acids assure the excellent 
electrochemical stability during the CO2 reduction.   
 
4 Conclusions 

 
 

 
Figure 8. (A) XPS pattern (N1s scan) of the modified Cu NW film, 
before and after electrolysis at -1.9 V. (B) EIS of the modified Cu NW 
film, before and after electrolysis at -1.9 V in CO2 saturated KHCO3 
solution. 

 
In summary, we developed a general and effective approach of 
amino acid modification on Cu electrodes for the enhanced 
electroreduction of CO2 towards hydrocarbons. To demonstrate the 
validity of this novel modification approach and to rule out the 
possible Cu morphology effect, we examined three different types 
of Cu electrodes, namely, Cu NW film, polished Cu foil and annealed 
Cu electrodes. The Cu NW film demonstrated an excellent activity 
for the generation of C2 and C3 hydrocarbons in the CO2 
electroreduction. Remarkable enhancement in faradaic efficiency as 
well as partial current density of hydrocarbons is observed for all 
kinds of Cu electrodes after proper modification. This modification 
method would suppress hydrogen evolution and improve the 
efficiency of the total hydrocarbons generated. Theoretical 
calculations reveal that the hydrogen bond formation between 
CHO* and –NH3

+ end of zwitterionic glycine leads to an extra 
stabilization of CHO*, which would contribute to the enhanced 
selectivity for CO2 reduction.  The results reveal that amino acids 
and their derivatives are promising modifiers in improving the 
selectivity of hydrocarbons in CO2 electroreduction, and this 
strategy has potential to be extended to other important 
electrocatalytic reactions.   
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TABLE OF CONTENT  
Amino acid functionalized Cu nanowire (NW) film electrode exhibits remarkable enhanced selectivity in producing 
hydrocarbons. The key intermediate to hydrocarbons, such as CHO, would be stabilized by interacting with amino acid and 
thus promote the conversion efficiency. This strategy could also be applied to other Cu electrodes to obtain better efficiency 
towards the conversion of carbon dioxide.   
 


