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Figure S1.  Sum of the Faradaic efficiencies of each gas and liquid products with the AN-

Cu and its modified catalysts (HPR-Cu and LPR-Cu) at a fixed potential. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. Long-term (40h) bulk electrolysis showing gas product analysis of the AN-Cu 

catalyst 
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Table S1. Total amount of the charge flow in reduction step for the preparation of HPR-Cu and 

LPR-Cu catalysts. 

Catalyst Average Total Charge Flow Density (C/cm2) 

HPR Treat 31.57 ± 0.55 

LPR Treat 3.77 ± 0.58 
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Figure S3. Current density of each Cu electrocatalyst: a) total current density, b) partial current 

density for CH4 production, and c) partial current density for C2H4 production. 
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Figure S4. Faradaic efficiency of gas products analyzed at the various applied potentials: a) 

Cu-foil, b) AN-Cu, c) HPR-Cu, and d) LPR-Cu catalyst. 

 

 

 

 

 

 

 

 



S6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5. Total current densities of HPR-Cu and LPR-Cu catalysts measured over 10 hour 

CO2RR at -1.05 V vs RHE. 
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Figure S6. SEM images taken after 100 min of CO2 RR at -1.05 V vs. RHE: a) HPR-Cu and 

b) LPR-Cu 
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Figure S7. Time dependent GI-XRD analysis of AN-Cu catalyst after 5h, 30h, and 40 h of CO2 

reduction reaction. 
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Figure S8. XPS O 1s spectra depending on the sample storage and transfer methods 

showing inhibition of Cu re-oxidation stored/transferred in vacuum sealing condition 

compared with in air exposure: a) a flat Cu-foil, b) LPR-Cu CO2 RR, and c) HPR-Cu CO2 

RR  
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Table S2. Oxygen and cooper atomic concentration and ratio compared by K-alpha XPS.  

Sample Cu (XPS At %) O (XPS At%) O/Cu ratio 

AN-Cu 26.61 47.07 1.77 

AN-Cu 100min post 22.38 22.85 1.02 

HPR-Cu 18.41 21.08 1.15 

HPR-Cu 100min post 36.78 20.70 0.55 

LPR-Cu 45.67 8.47 0.19 

LPR-Cu 100min post 61.76 5.23 0.08 
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Figure S9.  XPS O 1S spectra pre- and post-CO2RR: a) HPR-Cu and b) LPR-Cu catalysts 

(Cu(OH)2 : 531.5 eV, Cu2O : 530.5 eV, CuO : 529.8 eV, C related oxygen 531.9 eV, H2O : 533.5 

eV) 
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Figure S10. Cu 3p XPS spectra of each Cu based electrocatalyst measured at beam-line at PAL: 

a) comparison of initial state (before CO2RR), and Cu 3p XPS spectra changes after 100 min 

and 10 hours of CO2RR on b) the HPR-Cu and c) the LPR-Cu. 
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Figure S11. Deconvoluted Cu 3p spectra of each electrocatalyst: a) Cu-foil, b) AN-Cu, c) HPR-

Cu, d) LPR-Cu, e) 100min post HPR-Cu, f) 10h post HPR-Cu, g) 100min post LPR-Cu, h) 10h 

post LPR-Cu 


