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Figure S1. XRD patterns of Cu/C and Cu SAC. 

 

 

Figure S2. XPS of C 1s for (a) Cu/C and (b) Cu SAC. 
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Figure S3. XPS of O 1s of Cu/C. 

 

Figure S4. Nyquist plots in the frequency range 1 M Hz to 0.01Hz at –1.0V vs. RHE. 

 



 

Figure S5. Double-layer capacitance of (a) Cu SAC and (b) Cu/C at different scan 

rate. (c) Electrochemically surface areas estimated from the double-layer capacitance 

of the samples. 

 

 

Figure S6. Partial current density of each product normalized to the ECSA: (a) Cu 

SAC; (b) Cu/C. 
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Figure S7. Top and side views of the optimized configurations involved in the 

reaction pathway for CH4 formation on Cu-O4 SAC. 
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Figure S8. Top and side views of the optimized configurations involved in the 

reaction pathway for CH4 formation on Cu-N4 SAC. 
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Figure S9. Top and side views of the optimized configurations involved in the 

reaction pathway for CH4 formation on Cu (111). 
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Figure S10. Bader charge of Cu-O3N SAC, Cu-O2N2 SAC, Cu-ON3 SAC. 

 

 

 

Figure S11. Differential charge density of Cu-O4 SAC and Cu-N4 SAC. 
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Figure S12. Bader charge of COOH and CHO on (a-b) Cu-N4 SAC, (c-d) Cu-O4 SAC 

and (e-f) Cu (111). 

 

Figure S13. Differential charge density of COOH on Cu-O4 SAC. (a) top view and 

(b) side view. Differential charge density of COOH on Cu-N4 SAC. (c) top view and 

(d) side view. 
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Figure S14. Differential charge density of CHO on Cu-O4 SAC. (a) top view and (b) 

side view. Differential charge density of CHO on Cu-N4 SAC: (c) top view and 

(d)side view. 

 

 

Figure S15. Gibbs free energy diagram of CH4, CO, HCOOH and CH3OH by 

eCO2RR on Cu-O4 SAC. 
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Figure S16. Top and side views of the optimized configurations of adsorbed species 

involved in the reaction pathway for CH3OH formation on Cu-O4 SAC. 

Figure S17. Top and side views of the optimized configurations involved in the 

reaction pathway for HCOOH formation on Cu-O4 SAC. 
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Figure S18. Top and side views of the optimized configurations involved in the 

reaction pathway for CO formation on Cu-O4 SAC. 

 

Table S1. Structural parameters of the Cu SAC obtained from EXAFS fitting 

Sample Path N R (Å) E0(eV) 2103(Å2) R factor 

Cu Cu-O 3.9 1.93 –1.053 4.09 0.019 

N, coordination number; R, distance between absorber and backscatter atoms; E0, 

inner potential correction to account for the difference in the inner potential between 

the sample and the reference compound. 2, Debye–Waller factor; S0
2 fitting from Cu 

sample defined as 0.79. 
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Table S2. Performance comparison of eCO2RR to CH4 of Cu-O4 SAC with 

reported catalysts 

Catalysts 
Electrolyte/ 

Device 

Potential 

(V vs. RHE) 

JCH4 

(mA·cm–2) 

FECH4 

(%) 

TOF 

(s–1) 
Ref. 

Cu-O4 SAC 1 M KOH/F-Cell –1.00 –200.0 63 3.67 
This 

work 

CuSiOx 1 M KOH/F-Cell –1.60 –170.0 60.00 0.22 [1] 

Cu-TBrPP 1 M KOH/F-Cell –1.00 –173.6 55.80 0.50 [2] 

Cu4I 1 M KOH/F-Cell –1.08 –60.7 57.20 NA [3] 

EDTA/CNT 
0.5 M KHCO3/H-

Cell 
–1.30 −16.5 61.6 NA [4] 

CuTAPP 
0.5 M KHCO3/F-

Cell 
–1.63 –142.0 54.80 0.28 [5] 

m-Cu NPs 
0.1 M KHCO3/H-

Cell 
–1.30 –10.9 50.00 NA [6] 

Cu/CeO2-R 
0.1 M KHCO3/H-

Cell 
–1.60 –16.0 49.30 2.22 [7] 

Cu-FeSA 1 M KHCO3/F-Cell –1.10 –128.0 64.00 8.83 [8] 

Cu-PorOH 
0.5 m KHCO3/H-

Cell 
–1.50 –23.2 51.30 

48.3

0 

[3] 

Cu NWs 
0.1M KHCO3/H-

Cell 
–1.25 –7.5 55.00 NA [9] 

La5Cu95 
0.5 M KHCO3/F-

Cell 
–1.72 –193.5 64.50 NA [10] 

Cu@NC-3 
0.1 M KHCO3/H-

Cell 
–1.65 –30.0 30.00 NA [11] 

Ag-Cu2O-3 
0.1 M KHCO3/H-

Cell 
–1.50 –13.1 62.00 2.36 [12] 

Cu 1 M KHCO3/F-Cell –1.40 –108.0 48.00 NA [13] 

 



Table S3. Double layer capacitance and electrochemical active area of Cu/C and 

Cu SAC 

Sample Cu/C Cu SAC 

Cdl (mF/cm2) 25.6 22 

ECSA (cm2) 0.64 0.24 
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