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Figure S1 The oxophilicity of common transition metals and p-block metals determined by 

the bond dissociation enthalpies of metal oxides.
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Figure S2 Schematic diagram of the materials synthesis (a). Photographs illustrate the 

synthesis procedures (b). 
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Figure S3 XRD pattern of Cu to CuSn0.10 catalysts (a) and CuSn0.25 catalyst (b).  
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Figure S4 SEM images of (a) bare Cu, (b) CuSn0.01, (c) CuSn0.025, (d) CuSn0.05, (e) CuSn0.10, 

and (f) CuSn0.25 catalysts. 
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Figure S5 ECSA measurements of CuSnx catalysts. (a-f) Double layer capacities (Cdl) 

measured by CV curves in CO2-saturated 0.1 M KHCO3 solution at around open circuit 

potential (EOC ± 50 mV) of Cu, CuSn0.01, CuSn0.025, CuSn0.05, CuSn0.10, and CuSn0.25 catalysts. 

(g) Charge current density in CV scans plotted against the scan rates for CuSnx catalysts. (h) 

ECSA values of CuSnx catalysts. 
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Figure S6 (a)TEM and (b) HR-TEM images of CuSn0.01 catalyst. 
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Figure S7 The HAADF-STEM image (a) and EDS element mappings of Cu (b) and Sn (c). 
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Figure S8 Characterization of CuSn0.10 catalyst. (a) TEM image, (b-c) HR-TEM images, (d) 

HAADF-STEM image, and (e-g) EDS elemental mappings of CuSn0.10 catalyst. 
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Figure S9 The distribution of reduction products at applied potentials on CuSnx catalysts. (a) 

Cu, (b) CuSn0.01, (c) CuSn0.025, (d) CuSn0.05, (e) CuSn0.10, and (f) CuSn0.25. 
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Figure S10 The FEs of reduction products. (a) H2, (b) CH4, (c) acetate acid, (d) n-C3H7OH. 
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Figure S11 Current density (CD) of the main reduction products. (a) H2. (b) CO. (c) formate. 

(d) CH4. (e) C2H4. (f) C2H5OH. 
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Figure S12 The typical 

1
H NMR patterns that shows the peaks for multicarbon liquid 

products. (a) CuSn0.025 catalysts at different potentials. (b) Different catalysts at -1.3 VRHE. 

The original 
1
H NMR patterns for liquid products determination of CO2RR on CuSn0.025 (c) 

and bare Cu catalyst (d) at -1.3 VRHE. 
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Figure S13 (a) The CA tests of CuSn0.025 catalyst at different applied potentials. The current 

density was stable at different potentials, even though the current fluctuated at high 

overpotential due to the violent formation of bubble on the electrode. The TEM (b) and HR-

TEM (c) images of CuSn0.025 catalyst after CO2RR test at -1.3 VRHE. The dendrite morphology 

and crystalline structure were well retained at such high overpotential. The organic layer 

around the catalyst is the Nafion binder. (d) The surface Cu/Sn ratio of CuSn0.025 catalyst 

determined by XPS measurement before and after chronoamperometry test (CuSn0.025-CA). 
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Figure S14 The comparison of electrolysis under CO2 and Ar bubbling. (a) The 

chronoamperometry curves of CuSn0.025 catalyst at -1.3 VRHE under Ar and CO2 bubbling. (b) 

The GC signal of the gaseous products of the electrolysis under CO2 and Ar bubbling. (c-d) 

The 
1
H NMR patterns of the liquid products after the electrolysis under CO2 (c) and Ar (d) 

bubbling. 
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Figure S15 The FE ratio of C2H5OH/C2H4 on CuSnx catalysts at different potentials. 
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Figure S16 CV curves of (a) CuSn0.01, (b) CuSn0.025, (c) CuSn0.05, (d) CuSn0.10, and (e) 

CuSn0.25 catalysts in 0.1 M NaOH. 
  



  

18 

 

 

 
Figure S17 The slab models of Sn modified Cu facets for calculation and the corresponding 

differential charge analysis. 
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Figure S18 CO2RR performance of CuPb0.025 and CuAg0.025 catalyst. (a) FEs of all products at 

different potentials for CuPb0.025 catalyst. (b) FEs of all products at different potentials for 

CuAg0.025 catalyst. 
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Figure S19 The blank CO2RR test on carbon black catalyst at -1.2 VRHE. 
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Figure S20 Gas and liquid products calibration. (a-d) Gas products. (e-i) Liquid products. 
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Table S1 ICP-AES results and residual Zn on the surface of CuSnx catalysts. 

Catalyst 

Cu 

concentration, 

ppm 

Sn 

concentration, 

ppm 

Cu:Sn weight 

percentage 

Surface Zn 

percentage 

(XPS), at.% 

Cu 12.6549 / / 0.64 

CuSn0.01 22.0888 0.5557 39.75 0.86 

CuSn0.025 19.0830 1.3067 14.60 1.00 

CuSn0.05 16.4537 1.9974 8.24 1.12 

CuSn0.10 20.9182 5.7705 3.63 0.77 

CuSn0.25 16.0966 12.8509 1.25 0.97 
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Table S2 Summary of CO2RR performance of the CuSnx catalysts in this work and the 

comparison of other Cu-Sn bimetallic catalysts in the literatures. 

Catalyst 
Main 

product 
FE 

Partial 

current 

density, 

mA/cm
2
 

Potenti

al, 

VRHE 

Electrolyte Reference 

CuSn0.01 CO 96.36 % 6.51 -0.8 
0.1 M 

KHCO3 

This 

work 

CuSn0.025 C2H5OH 25.93% 15.05 -1.4 
0.1 M 

KHCO3 

This 

work 

Sn/Cu2O CO 87.9 % 
~ 15 

(total) 
-1.3 

0.1 M 

KHCO3 
S2

 

Cu97Sn3 CO 98 % 
~ 30 

(total) 
-0.7 

0.5 M 

KHCO3 
S3

 

CuSn40 CO 90.9 % 

~ 3.3 (-

0.8 

VRHE) 

-1.0 
0.1 M 

KHCO3 
S4

 

Cu-Sn 

form 
CO 93-94 % 6.2 -0.9 

0.1 M 

KHCO3 
S5

 

Cu–Sn20 CO 82 % 0.96 -0.7 
0.1 M 

KHCO3 
S6

 

Cu-Sn 

dendrite 
CO 74 % 11.5 -1.1 

0.1 M 

KHCO3 
S7

 

SnO2/CuS 

NSs 
CO ~70 % 15.24 -1.0 

0.1 M 

KHCO3 
S8

 

Sn/Cu-

PVDF 
CO 80 % 104 < -0.9 

0.1 M 

KHCO3 
S9

 

Cu−Sn CO 90 % 1.0 -0.6 
0.1 M 

KHCO3 
S10

 

C-

Cu/SnO2-

0.8 

CO 93 % 4.6 -0.7 
0.5 M 

KHCO3 
S11

 

Cu87Sn13 CO 59.5 % ~ 0.9 -0.99 
0.1 M 

KHCO3 
S12

 

CuO+SnO

2 
CO ~ 90 % ~ 0.5 -0.6 

0.1 M 

NaHCO3 
S13

 

Cu/SnOx−

CNT 

(6.2 % 

SnOx) 

CO 89 % 11.3 -0.99 
0.1 M 

KHCO3 
S14

 

C-

Cu/SnO2-

1.8 

Formate 85 % n.a. -0.9 
0.5 M 

KHCO3 
S11

 

Cu55Sn45 Formate 89.5 % ~ 2.5 -1.09 
0.1 M 

KHCO3 
S12

 

Cu/SnOx−

CNT 

(30.2 % 

SnOx) 

Formate 77 % 4.0 -0.99 
0.1 M 

KHCO3 
S14

 

CuSn0.175- CO+For 93 % n.a. -1.0 0.5 M 
S15
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NG mate KHCO3 

Cu@Sn Formate ~ 100 % 16.52 -0.93 
0.5 M 

KHCO3 
S16

 

CuSn 

NPs/C-A 

CO 70.1 % 1.66 -0.7 
0.1 M 

KHCO3 
S17

 

Formate 71.5 % 12.6 -1.0 

Cu(1)Sn(4)-

N-CC 
Formate 90.24 % 15.56 -0.97 

0.5 M 

KHCO3 
S18

 

Sn-Cu 

alloy 
Formate 82.3 % 79 -1.14 0.5 M KCl 

S19
 

CuSn–10C Formate 82 % 18.9 -1.0 
0.1 M 

NaHCO3 
S20

 

CuSn 

NWs/C-

Air 

Formate 90.2 % 17.33 -1.0 
0.5 M 

KHCO3 
S21

 

Cuoh−Ag C2H5OH 23.1 % 2.5 -1.4 
0.1 M 

KHCO3 
S22 

Cu(Ag-

20)20 
C2H5OH 16.5 % 4.14 -1.1 

0.1 M 

KHCO3 
S23 

CuAg  

wire 
C2H4 ~60 % ~180 -0.7 1 M KOH 

S24 

CuZn 

Alloy 
C2H4 33.3 % 

6.1 

(Total) 
-1.1 

0.1 M 

KHCO3 
S25 
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