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Electrochemical characterization: 

An electrochemical workstation (CH Instrument 660 C, Chenhua, China) was used for all 

electrochemical experiments. CO2 reduction experiments were performed both performed in 

a H‐type three‐electrode cell and flow cell at room temperature. In a typical H‐type 

threeelectrode cell, the two electrode compartments were separated by a Nafion‐117 proton 

exchange membrane to prevent the re‐oxidation of CO2 reduction products. The catalysts on 

Cu foam were used directly as the working electrode, a Pt wire as the counter electrode and a 

Ag/AgCl as the reference electrode. The electrochemical performance of pure‐phase Cu6Sn5 

and Cu3Sn intermetallic compounds was equally performed on copper foam, which were 

denoted as Cu6Sn5‐foam and Cu3Sn‐foam respectively. The reference electrode was calibrated 

against a reversible hydrogen electrode (RHE) and all potentials in the present study were 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2019



referred to this RHE unless otherwise stated. iR drop was compensated before electrolysis. A 

CO2‐saturated 0.1 M NaHCO3 solution (pH 6.8) was used as the supporting electrolyte.  

Before the tests of CO2RR, the electrolyte in the cathodic compartment was saturated with 

CO2 by bubbling CO2 gas for at least 30 min. During the reduction experiments, the CO2 gas 

was delivered at an average rate of 24 mL min‐1 (at room temperature and ambient pressure) 

and routed directly into the gas sampling loop of a gas chromatograph (GC 9560) for 

quantification of the gas products. The GC was installed with a thermal conductivity detector 

(TCD) to detect H2 and flame ionization detector (FID) to detect hydrocarbons. A methanizer 

(Agilent) was equipped in front of FID for CO detection. High‐purity Ar gas was used as the 

carrier gas for all compartments of the GC. The liquid products of CO2RR were identified and 

quantified by nuclear magnetic resonance (NMR, 400 MHz, Bruker) measurements. 

Flow cell measurements were performed in a custom‐designed flow cell reactor. The carbon 

paper with a microporous layer (Sigracet 29 BC, Fuel Cell Store) was used as the gas diffusion 

layer (GDL) for supporting catalyst. The CuSn‐coated GDL was applied as the working 

electrode, a piece of anion exchange membrane (SELEMION) as the separator, a 20 wt% 

IrO2/C‐loaded GDL as the anode and Ag/AgCl (saturated KCl) as the reference electrode. During 

the measurements, CO2 flow rate into the flow cell was set as 20 sccm via a mass flow 

controller (Brooks GF40). The catholyte (1 M KOH) flow rates were controlled via a peristaltic 

pump 

(Cole‐Parmer) with 65 rpm.  
The Faradaic efficiency was calculated using the following equation: 

� � � �
FE  

� �
Where, 

Qtotal: the charge passed, C; 

Qi: the charge used for the reduction of certain product, C; 

Ni: the number of moles for a specific product (measured by NMR and GC), mol; n: the number 

of electrons exchanged for product formation, which is 2 for CO、H2 and HCOOH; 

F: Faradaic constant, which is 96485 C mol−1. 



 
 
  



 
 
Fig. S1 SEM images of (a, b) Cu@Sn5, (c) CuSn‐5C, (d, e) Cu@Sn15 and (d) CuSn‐15C. 
 
 
  



 

 
 
Fig. S2 TEM (a) CuSn-5C, (c) CuSn-15C and HRTEM (b) CuSn-5C, (d) CuSn-15C images. 
 

 
 
Fig. S3 TEM (a) and EDX mappings (b)(c) of CuSn-10C sample. 
 



 
 
Fig. S4 XRD patterns of (a) Cu@Sn5, CuSn‐5C; (b) Cu@Sn15, CuSn‐15C. 
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Fig. S5 XPS full survey spectra of CuSn‐5C, CuSn‐10C and CuSn‐15C. 

 
 

 



Fig. S6 LSV curves in N2‐saturated (dotted lines) and CO2‐ saturated (solid lines) 0.1 M NaHCO3 
electrolyte at a scan rate of 10 mV s−1. 
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Fig. S7 Reduction potential dependent FEs of CH4 and C2H4 for Cu foam. 
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Fig. S8 FE of CO2RR products on (a) Cu@Sn5, CuSn‐5C; (b) Cu@Sn15, CuSn‐15C and (c) CuSn‐
5C, CuSn‐10C, CuSn‐15C. Total current (d, e, f) and partial current density of HCOOH on (g) Cu 
foam, Cu@Sn10 and CuSn‐10C; (h) Cu@Sn5 and CuSn‐5C; (i) Cu@Sn15 and CuSn‐15C. 
 

 

 

 

 



 
Fig. S9 Electrochemical double‐layer capacitance measurements to determine the surface 
area of the various electrodes: (a, b) Cu@Sn5, CuSn–5C; (d, e) Cu@Sn10, CuSn–10C; (g, h) 
Cu@Sn15, CuSn–15C and (j) Cu foam. Variations of current density with scan rate are shown 
in panels (c, f, i, k), where the corresponding capacitance and ECSA are shown in the insets.  
 
The electrochemical surface area (ECSA) of these catalysts were derived from double layer 
capacitance, as shown in Fig. S6, which is calculated from the double layer capacitance 
according: ECSA = CDL/Cs, where CDL is double layer capacitance, Cs is the specific capacitance 
of the sample or the capacitance of an atomically smooth planar surface of the material per 
unit area under identical electrolyte conditions. For our estimates of surface area, general 
specific capacitances of Cs = 0.029 mF cm‐2 was used. 1‐3 
 
 
 



 

 
Fig. S10 Partial current density of HCOOH on Cu@Sn5, CuSn‐5C (a), Cu@Sn15 and CuSn‐15C (b) 
and CuSn‐5C, CuSn‐10C and CuSn‐15C.  
 
 

 
Fig. S11 XRD patterns of (a) Cu3Sn and (b) Cu6Sn5.  
 
 
 
 
 
 
 



 
 
Fig. S12 TEM images of (a) Cu3Sn and (b) Cu6Sn5.  
 
 
 
 
 

 
Fig. S13 Electrochemical capacitance measurements to determine the ECSA of (a) 
Cu3Sn‐foam and (b) Cu6Sn5‐foam. (c) Linear fitting of current density as function of scan rate. 
The capacitance and ECSA of the Cu3Sn‐foam and Cu6Sn5‐foam are shown in the inset. 
 
 
 
 
 
 
 
 
  



 

 
 
Fig. S14 (a) FE and partial current density of (a) Cu6Sn5, (b) Cu3Sn and (c) CuSn‐10C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Fig. S15 Tafel analysis of Cu@Sn‐X and CuSn‐XC in CO2‐purged 0.1 M NaHCO3 solution (a, b, 
c). The Nyquist plots of electrodes in CO2‐purged electrolyte in a frequency range from 1 MHz 
to 0.01Hz with 10 mV amplitude at −0.8V vs RHE (d). 
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Fig. S16 Adsorption affinities of OH− surrogate ion on the prepared CuSn alloys. 
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Fig. S17 LSV (a) and XRD (b) of CuSn‐10C before and after CO2RR. 
 
 
 



 
 
 
Fig. S18 SEM images of CuSn‐10C after CO2RR for 42 h at low (a) and high (b) magnification. 
 

 
Fig. S19 HRTEM images of CuSn‐10C after CO2RR for 42 h. 
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Fig. S20 Partial current density comparison of various CO2 electroreduction catalysts.  
 
 
 

 

 
Fig. S21 HCOOH FE and total current density for electrolysis of CuSn‐10C in 1 M KOH 

electrolyte conducted on a flow cell. 



 

  

 
Fig. S22 FE (a) and partial current density (b) of HCOOH on CuSn‐5C, CuSn‐10C and 

CuSn‐15C in 1 M KOH electrolyte conducted on a flow cell. 

 

 
 
Fig. S23 Optimized structures of Cu3Sn (111) surface and the adsorbed COOH*, HCOO*, 
CO*, and HCOOH*.  



 

 

 

 

 

 
Fig. S24 Optimized structures of Cu6Sn5 (111) surface and the adsorbed COOH*, HCOO*, CO*, and 
HCOOH*.  

 

 

 

 

 



 
 
Fig. S25 Optimized structures of heterostructured Cu3Sn/Cu6Sn5 surface and the adsorbed COOH*, 
HCOO*, CO*, and HCOOH*.  

 

 

 
Fig. S26 Energy diagrams of CO2RR intermediates to CO (blue) and HCOOH (brown) on (a) Cu3Sn 

(111), (b) Cu6Sn5 (111).  
 



 

 

Fig. S27 Gibbs free energy (eV) of adsorbed H* on Cu3Sn(111), Cu6Sn5(111) and Cu3Sn/Cu6Sn5 

respectively. 

 
  
 
 
Table S1 Comparison of catalyst performance in selective CO2 reduction to formate with leading 
results in the literature. 

Catalyst Electrolyte Major 
products 

Faradaic 
Efficiency 

(%) 

Partial 
current 
density 

(mA cm−2) 

Potential 
(V) vs. 
RHE 

Reference

Sn−Cu alloy 0.1M KHCO3 HCOOH 82 18.9 −1.0 This  
Work 



Sn/Cu  0.1M KHCO3 HCOOH 91 0.91 −0.85 4
 

Sn dendrite 0.1M KHCO3 HCOOH 55.6 6.4 −1.1 5
 

SnO2/C aerogels 1M KHCO3 HCOOH 76 12.2 −1.0 6
 

SnO2 nanowires 0.1M NaHCO3 HCOOH 80 4.8 −0.8 7
 

Ag3Sn alloy 0.5M NaHCO3 HCOOH 80 12.8 −0.8 8
 

SnO2 wires 0.1M KHCO3 HCOOH 87.3 13.7 −1.15 9 

CuSn nanowires 0.5M KHCO3 HCOOH 90.3 17.3 −1.0 10 

SnIn 0.1M KHCO3 HCOOH 67.1 7.5 −1.0 11 

Ultra-small SnO 0.5M KHCO3 HCOOH 66 13.2 −0.9 12 

Cu, S Co-doped 
SnO2 0.5M NaHCO3 HCOOH 58.5 3.2 −0.75 13 

CuxO–Sn 
nanowire 0.1M KHCO3 CO 90 4 −0.8 14 

Cu-Sn foam 0.1M KHCO3 CO 93 5.7 −0.9 15 

Cu-Sn alloy 0.1M KHCO3 CO 90 0.9 −0.6 16 
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