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Fig. S1 LSV comapred with Ar and CO2 atmosphere for CSNP/CP sample



Fig. S2 Chromatogram and mass spectroscopy measured by GC-MS with CSNP/CP; a) when 

12CO2 was used, and b) 13CO2 was used for CO2RR.



Figure S3 SEM image of CSNP/Cu sample



Fig. S4 HER activity of each substrate in 0.1M KHCO3 N2 pursing condition



Fig. S5 Morphology change of CSNP/CP by reaction time; a) 2 hours CO2RR post; b) 15 hours 

CO2RR post; c) 30 hours CO2RR post; 60 hours CO2RR post



Fig. S6 SEM image of each catalyst sample a) CSNP/Cu before CO2RR, b) CSNP/Cu 2 hour 

after CO2RR



Fig. S7 HR-TEM image of each catalyst sample a) CSNP/Cu before CO2RR, b) CSNP/Cu 2 

hour after CO2RR, c) CSNP/CP before CO2RR, d) CSNP/CP 2 hour after CO2RR



Fig. S8 Total current density compared with CSNP/Cu and CSNP/CP



Fig. S9 The Cu 2p XPS peak of each catalyst-substrate module sample a) CSNP Cu 2p peak 

compared with CO2RR pre-post condition b) ) CSNP Cu 2p peak compared with CO2RR pre-

post condition 



Fig. S10 Cu based reference materials Cu K-edge EXAFS spectra 



Fig. S11 Linear combination fitting (LCF) results of in situ/operando CSNP/CP sample; a) 

5min CO2RR sample results; b) 35min CO2RR sample results; c) 105min CO2RR sample 

results



5 min 35 min 105 min

Cu0 58.4% 67.9% 68.8%

Cu2O 28.7% 24.3% 27.4%

CuO 12.9% 7.9% 3.8%

Table S1 LCF results of in situ/operando CSNP/CP data



Fig. S12 Surface morphology SEM image of CSNP/CP catalyst depending on spray amount



Fig. S13 C2H4 to CH4 ratio and partial current density depending on spray amount in 

CSNP/CP catalyst; a) C2H4 / CH4 ratio trend; b) C2H4 and CH4 partial current densitiy trend



Fig. S14 The partial current densitiy of CSNP gas products in each cation electrolyte



Fig. S15 The potential dependent faradaic efficiency of 12.8 μg/cm2 applied CSNP/CP; a) 12.8 

μg/cm2 CSNP/CP in 0.1 M KHCO3; b) 12.8 μg/cm2 CSNP/CP in 0.1 M CsHCO3; c) 12.8 

μg/cm2 CSNP/CP in 0.1 M NaHCO3 d) compared except hydrogen



Fig. S16 Total and partial current density of each electrolyte condition in 12.8 μg/cm2 

CSNP/CP in 0.1 M (Cs, K, Na)HCO3 CSNP/CP a) total current density b) C2H4 partial current 

density c) CO partial current density d) CH4 partial current density



Fig. S17 Tafel slope of C2H4 in each cation electrolyte



Fig. S18 TOF of C2H4 for applied potential in 0.1 M KHCO3 electrolyte



Fig. S19 The liquid products faradaic efficiency trend with spray amount


