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Supplementary Figure 1. CO electroreduction performance of different catalysts. Total 
current density and Faradaic efficiency of CO electroreduction on (a) polycrystalline Cu powder, 
(b) Cu(OD), (c) Cu(OD)0.9Ag0.1, (d) Cu(OD)0.8Ag0.2, (e) Cu(OD)0.7Ag0.3 and (f) Cu(OD)0.5Ag0.5. 
The error bars represent the standard deviation from at least three independent measurements. 
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Supplementary Figure 2. Comparison of Faradaic efficiencies of C2+ liquid products and 
ethylene on different catalysts. Faradaic efficiencies of (a) C2+ liquid products and (b) ethylene 
on different catalysts at various applied potentials (-0.52±0.01 V, -0.56±0.01 V, -0.59±0.01 V, -
0.62±0.01 V) in 1 M KOH. The error bars represent the standard deviation from at least three 
independent measurements. 
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Supplementary Figure 3. Images of our custom-designed 100 cm2 MEA system for CO 
electrolysis. (a) MEA electrolyser under CO reduction operation at a total current of 15 A using 
Cu(OD)0.8Ag0.2 as catalyst. (b) Anode and cathode electrodes after 103-h CO electrolysis. c End 
plate current collector with our custom-designed flow field. 
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Supplementary Figure 4. CORR performance of the Cu(OD) catalyst in the 100 cm-2 MEA 
electrolyser. a Full-cell voltage and b product distribution with respect to time at a constant current 
of 15 A. 
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Supplementary Figure 5. Representative 1H NMR spectrum of the electrolyte sampled in 
CORR of the Cu(OD)0.8Ag0.2 catalyst in the 100 cm-2 MEA electrolyser. The Faradaic 
efficiencies of other minor liquid products such as CH3OH and CH3CH(OH)2 are less than 2% and 
thus are not discussed in this work. 
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Supplementary Figure 6. ECSA measurements for different electrodes. Cyclic voltammetry 
study of (a) Cu(OD), (b) Cu(OD)0.9Ag0.1, (c) Cu(OD)0.8Ag0.2, (g) Cu(OD)0.7Ag0.3 and (h) 
Cu(OD)0.5Ag0.5, and (i) Ag foil. (d-f, j-l) Measured double layer charging current vs. scan rate for 
corresponding electrodes. Calculated roughness factors of different electrodes are shown in 
Supplementary Table 2. 

  



8 

 

 

Supplementary Figure 7. ECSA-normalized partial current densities of different products 
and relative Faradaic efficiency between C2+ liquid products and ethylene. ECSA-normalized 
partial current densities of (a) C2+ liquid products, (b) ethylene, and (c) hydrogen for different 
electrodes. (d) Relative Faradaic efficiency between C2+ liquid products and ethylene at –
0.56±0.01 V. Below the dashed line: Faradaic efficiency of ethanol, acetate and n-propanol for 
each electrode renormalized after omitting the Faradaic efficiencies of hydrogen and ethylene. 
Above the dashed line: Faradaic efficiency of ethylene relative to those of C2+ liquid products. The 
error bars represent the standard deviation from at least three independent measurements. 
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Supplementary Figure 8. Time evolution of the infrared bands that result from D-O-D, D-
O-H, and H-O-H after replacing H2O with D2O. The background was taken in Ar-saturated 
H2O before collecting the spectra. The inset shows the changes of the peak area of the D-O-D, D-
O-H, and H-O-H band with time. Upon introducing the Ar-saturated D2O, the signal of the D-O-
D bending at 1207 cm-1 emerged and its intensity dramatically increased with time and plateaued 
in less than ten seconds (insert). We note that the increased intensity of H-O-H bending at 1638 
cm-1 represents the desorption of adsorbed H2O instead of adsorption due to its signal already been 
subtracted in background taking. Similar trend for the intensity change with time of OH and OD 
stretching in the region 2920 – 3740 cm-1 and 2120 – 2780 cm-1, respectively, can also be observed. 
The decreased intensity with time of the band at 1457 cm-1 attributable to D-O-H bending 
originated from the reaction and equilibrium between H2O and D2O via transfer by self-
dissociation and recombination to form HDO1, represents the desorption of HDO which is slower 
than that of H2O. These results indicate the H2O can be thoroughly replaced with pulsed D2O in a 
short period of time with less than ten seconds and thus enabled the reliable desorption rate 
measurement. 
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Supplementary Figure 9. Estimation of CO desorption rate constants on Cu(OD), 
Cu(OD)0.5Ag0.5, and Cu(OD)0.8Ag0.2 by fitting the first-order desorption rate expression. The 
error bars represent the standard deviation from at least three independent measurements. 
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Supplementary Figure 10. Desorption rate of COad measured by surface-enhanced infrared 
absorption spectroscopy on Cu(OD)0.5Ag0.5. (a) Representative time evolution of the infrared 
bands that result from CO bound to Cu surface recorded after removing CO in bulk solution by 
pulsing Ar saturated electrolyte and subsequently delivering CO saturated electrolyte at 45 s. (b) 
Normalized CO coverage obtained from the CO band in (a) as a function of time. The error bars 
represent standard deviation from at least three independent measurements. 
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Supplementary Figure 11. CO electroreduction performance of different catalysts at -0.7 V 
in 0.1 M KOH. (a) Partial current density of C2+ liquid products and Faradaic efficiency of all 
CORR products. (b) FEC2+ liquid products versus FEethylene. Numbers in the red circles show the 
corresponding Faradaic efficiency ratio of C2+ liquid products to ethylene. The error bars represent 
the standard deviation from at least three independent measurements. 
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Supplementary Figure 12. A schematic of the gas switching experiments design. Two mass 
flow controllers were used to continuously flow CO and Ar gas at a steady flow rate into a four-
way valve which delivers one gas feed to the flow cell and the other to the air. A backpressure 
controller and a flow meter were connected to the gas outlet of the flow cell to ensure the gas 
pressure and flow rate were not changed during gas switching. 
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Supplementary Figure 13. Representative SEM images of Cu(OD)0.8Ag0.2 catalyst. SEM 
images of Cu(OD)0.8Ag0.2 catalyst (a-c) before and (d-f) after electrolysis, showing micro-plate 
morphology and no significant structural changes. 
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Supplementary Figure 14. Powder X-ray diffraction patterns of different catalysts. (a) XRD 
patterns of as-synthesized catalysts before electrolysis and (b) XRD patterns of the corresponding 
electrodes after electrolysis.  
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Supplementary Figure 15. Electron diffraction pattern and HRTEM image of 
Cu(OD)0.8Ag0.2. HRTEM image of Cu-Ag phase boundaries with different orientations including 
(a) fcc Ag (200) planes and fcc Cu (200) planes and (b) fcc Ag (200) planes and fcc Cu (111) 
planes. 
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Supplementary Figure 16. X-ray photoelectron spectroscopy characterizations for different 
catalysts. X-ray photoelectron spectra of the (a, b) Cu 2p peaks, (c, d) the Cu LMM region and (e, 
f) Ag 3d peaks before and after electrolysis. The three additional peaks (bule) in the Cu LMM 
spectra located at approximately 572.8, 567.0 and 565.0 eV are due to different transition states2,3. 
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Supplementary Figure 17. Desorption rate of COad measured by surface-enhanced infrared 
absorption spectroscopy on the non-ball-milled CuO and Ag powder mixture 
(Cu:Ag=0.8:0.2). (a) Representative time evolution of the infrared bands that result from CO 
bound to Cu surface recorded after removing CO in bulk solution by pulsing Ar saturated 
electrolyte and subsequently delivering CO saturated electrolyte at 45s. (b) Normalized CO 
coverage obtained from the CO band in (a) as a function of time. The error bars represent standard 
deviation from at least three independent measurements. 
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Supplementary Figure 18. X-ray photoelectron spectra of Zr 3d for Cu(OD)0.8Ag0.2 catalysts 
with different ball milling time.  

  



20 

 

 

Supplementary Figure 19. SEM-EDS elemental mapping of Cu(OD)0.8Ag0.2 and 
Cu(OD)0.5Ag0.5 catalysts. EDS elemental mappings of (a) non-ball-milled, (b) 4 h-milled and (c) 
12 h-milled CuO and Ag powder (Cu:Ag=0.8:0.2), which indicates the homogeneity of CuO and 
Ag mixture improves with extended ball milling time. (d) EDS elemental mappings of 12 h-milled 
CuO and Ag powder (Cu:Ag=0.5:0.5), which shows that further increasing Ag content decreases 
the homogeneity of CuO and Ag mixture. 

  



21 

 

 

Supplementary Figure 20. Desorption rate of COad measured by surface-enhanced infrared 
absorption spectroscopy on 4 h-milled Cu(OD)0.8Ag0.2. (a) Representative time evolution of the 
infrared bands that result from CO bound to Cu surface recorded after removing CO in bulk 
solution by pulsing Ar saturated electrolyte. (b) Normalized CO coverage obtained from the CO 
band in (a) as a function of time. The error bars represent standard deviation from at least three 
independent measurements. 
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Supplementary Figure 21. Linearly adsorbed CO band on Cu(OD)0.8Ag0.2, Cu(OD), and pure 
Ag micro-sized particles (Ag MPs). 
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Supplementary Figure 22. ECSA measurements for (a) the carbon paper supported Cu(OD) 
electrode and (b) the bare carbon paper electrode. 
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Supplementary Table 1. Comparison of C2+ liquid products Faradaic efficiencies (FE) and FEC2+ 

liquid products/FEethylene of different catalysts for CO and CO2 electroreduction operated at 
commercially relevant current densities (> 100 mA cm-2). 

Catalyst 
Feed-

stock 
Electrolyte 

Potential 

(VRHE) 

FEC2+ 

liquids 
FEEthylene 

FEC2+ liquid/ 

FEethylene 

ratio 

Ref. 

Cu(OD)0.8Ag0.2 CO 1 M KOH -0.56 76.9 13.3 5.8 This work 

OD-Cu CO 1 M KOH -0.60 42.6 37.5 1.1 
4 

Micron-sized Cu CO 1 M KOH -0.65 46.1 32.7 1.4 

Cu0.9Ag0.1 CO 1 M KOH -0.77 48.7 12.7 3.8 
5 

Cu0.9Ni0.1 CO 1 M KOH -0.76 54.6 10.4 5.2 

Cu nanosheets CO 1 M KOH -0.76 41.8 19.1 2.2 6 

Cu-HDD CO 1 M KOH -0.76 57a 34a 1.7 7 

Cu nanocubes CO 1 M KOH -2.24IR free 45a 18a 2.5 8 

Cu cavity I CO 1 M KOH -0.56 37.6 27.5 1.4 
9 

Cu cavity II CO 1 M KOH -0.56 41.3 21 2.0 

Ag-doped Cu CO 1 M KOH -0.46 43.9 29.7 1.5 10 

CuPd0.007 CO 1 M KOH -0.62 54.4 37 1.5 
11 

Cu nanoparticles CO 1 M KOH -0.69 36.4 55.5 0.6 

CuPd CO 1 M KOH -0.79 66 21 3.1 12 

NGQ/Cu-nr CO 1 M KOH -0.70 88a 9a 9.8 13 

Cu-wire CO2 1 M KOH -0.60 32 38.2 0.8 
14 

CuAg-wire CO2 1 M KOH -0.68 55.2 29.9 1.8 

CuPb-0.7/C CO2 1 M KOH N.A. 49.5 24.5 2.0 15 

Ag0.14Cu0.86 CO2 1 M KOH -0.67 48a 35a 1.4 16 

Cu/FeTPP[Cl] CO2 1 M KHCO3 -0.82 47a 38a 1.2 17 

34% N-C/Cu CO2 1 M KOH -0.68 56.0 37.5 1.5 18 

Ce(OH)x/Cu/PTFE CO2 1 M KOH -0.70 46.5 33.8 1.4 19 

aThis value is digitized from the graphical results in the reference. 
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Supplementary Table 2. Calculated double layer capacitance of each catalyst and corresponding 
roughness factor.  

Electrode CDL (mF cm-2) Roughness Factor 
for Both Cu and Ag Roughness Factor for Cu 

Cu(OD) 1.51 52.1 52.1 
Cu(OD)0.9Ag0.1 1.64 55.2 54.7 
Cu(OD)0.8Ag0.2 1.68 56.1 55.5 
Cu(OD)0.7Ag0.3 1.71 55.7 54.5 
Cu(OD)0.5Ag0.5 2.05 62.0 59.0 

Ag Foil 0.11 1.0  
Cu Foil20 0.029 1.0 1.0 
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Supplementary Table 3. Atomic percentage of Cu and Ag for each catalyst obtained from XPS 
data. 

Electrode 
Before electrolysis After electrolysis 

Ag% Cu% Ag% Cu% 

Cu(OD) 0 100 0 100 
Cu(OD)0.9Ag0.1 4.4% 95.6% 3.2% 96.8% 

Cu(OD)0.8Ag0.2 22.4% 77.6% 4.2% 95.8% 

Cu(OD)0.7Ag0.3 27.5% 72.5% 7.6% 92.4% 
Cu(OD)0.5Ag0.5 47.0% 53.0% 16.6% 83.4% 
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