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Figure S1. The chronopotentiometric E-t curves of the synthesis process for CuO nanosheets at different
ultrasonic power. (a) 160 W, (b) 80 W, and (c) O W.
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Figure S2. Photo images of the color change of KOH electrolyte with the electrodeposition time during
the synthesis of CuO-160W nanosheets.
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Figure S3. XPS spectra of as-prepared CuO-160W nanosheets. (a) Cu 2p, (b) Cu LMM, and (c) O1s.



\

A

k

¥ e
.

PV 2a
L T R I |

B 1
IACHFUT 5.0k m x20.0k SE(UL) 2.00um IACHFUT 5.0kV 7.3mm x200k SE(UL) 200nm

L gl vl e gl

SUSOZB 5.0kVA é.2mm x20.0k SE(UL) 2.00um SU8020 5.0kV 9.2mm x100k SE(UL)

Figure S4. SEM images of as-prepared CuO catalysts at different ultrasonic power. (a-b) CuO-0W, and (c-
d) CuO-80W.



electrodeposited Cu-0W

‘”“"kam._ o e

oxidized CuO-0W

Intensity (a.u.)
a
§ :
£ ]
L
i

0 e b - Al o
il NP R e Vel

‘ “ ‘ JCPDS no.48-1548

L g
30 40 50 60 70 30
20 (degree)

Figure S5. XRD patterns of the electrodeposited Cu-OW before and after spontaneous oxidation in KOH
solution.
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Figure S6. XRD patterns of various CuO-160W catalysts prepared under different electrodeposition
current densities and a fixed ultrasonic power of 160 W.
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Figure S7. SEM images of various CuO-160W catalysts prepared by under different electrodeposition
current densities and a fixed ultrasonic power of 160 W. (a,b) 160 mA cm?, (c,d) 180 mA cm™, (e,f) 190
mA cm™, (g,h) 200 mA cm™, and (i, j) 220 mA cm™.
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Figure S8. SEM images of the electrodeposited Cu on the carbon paper at 190 mA cm™ and 160 W.
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Figure S9. The partial current densities of CO, reduction products on (a) CuO-0W, (b) CuO-80W, and (c)
CuO-160W electrodes.
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Figure S10. Cyclic voltametry (CV) curves of different CuO electrodes at various scan rates from 10 to

200 mV s™. (a) CuO-0W, (b) CuO-80W, and (c) CuO-160W, (d) the corresponding Cg calculated from CV
curves.
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Figure S11. ECSA-normalized jcous of CuO-0W, CuO-80W, and CuO-160W electrodes.

(Note: ECSA=Geometric area (cm?) * RF; where RF is the roughness factor, RF= Cy/C;, Cy is 35 pF cm™ for
Cu foil)
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Figure S12. The faradaic efficiencies of CO, reduction products on (a) CuO-0W, (b) CuO-80W, and (c)
CuO-160W electrodes.
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Figure S13. The faradaic efficiencies of CO, reduction products on CuO-160W electrodes prepared at

different electrodeposition current densities. (a) 160 mA cm™, (b) 180 mA cm?, (c) 200 mA cm™, and (d)

220 mA cm™.
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Figure S14. The partial current densities of CO, reduction products on CuO-160W electrodes prepared at
different electrodeposition current densities. (a) 160 mA cm™, (b) 180 mA cm?, (c) 200 mA cm, and (d)
220 mA cm™.
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Figure S15. SEM images of various CuO-160W catalysts prepared by different electrodeposition current
density after eCO,RR. (a,b) 160 mA cm™, (c,d) 180 mA cm™, (e,f) 190 mA cm™, (g,h) 200 mA cm™, and (i,
i) 220 mA cm™.

Figure $16. TEM images of CuO-160W nanosheets after eCO,RR.
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Figure S17. Morphological and composition analysis of post CuO-160W after eCO,RR. (a-c) HRTEM
images, (d-f) HAADF-STEM images, and (g) Corresponding EELS spectra collected from the areas of 1-8 in
f.



Figure S18. HRTEM images of different post CuO samples after eCO,RR. (a) CuO-0W, (b) CuO-80W, and
(c) CuO-160W.
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Figure $19. XPS spectra of CuO-160W nanosheets after eCO,RR. (a) Cu 2p, (b) O1s, and (c) Cu LMM.
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Figure $20. Optimized structures for main reaction intermediates on Cu GBs. The blue, grey, red, and
white balls represent Cu, O, C and H, respectively.



*CHO *CHOCO

Figure S21. Optimized structures for main reaction intermediates on Cu,0 GBs. The blue, grey, red, and
white balls represent Cu, O, C and H, respectively.
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Figure S22. Optimized structures for main reaction intermediates on Cu*/Culinterfaces. The blue, grey,
red, and white balls represent Cu, O, C and H, respectively.
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Figure S23. Free energy profiles for the *OCCO, *COH, and *CHO pathway on Cu GBs.
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Figure $25. (a) CO generation rates and (b) CO dimerization rates of CuO-0W, CuO-80W, and CuO-160W
electrodes under various potentials.

The CO generation rate was defined as the summary of the production rates of C,, products, CH,

and CO gas products and calculated by the following equation:

. . jcH4 , Jc2H4 | Jc2HSOH |, Jc3H70H |, JCH3COOH
ion= jco+ % + + + +
JCO, generation JCO 4 3 3 3 2

The CO dimerization was normalized from the production rates of C,, products.

_ Jc2H4 +]C2H50H +]C3H7OH +]CH3COOH

JCO, dimerization™ 3 3 3 2
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Figure S26. In-situ Raman spectra of (a) CuO-80W and (b) CuO-0W electrodes under different potentials
for 10 min at each potential



Table S1. The comparison of performance among various Cu-based catalysts for CO, reduction to C,H,.

Potential

FEcan4

Jcoons

CEEc:n4

Catalyst electrolyte ) (%) (mA cm?) (%) Ref.
CuO LOMKOH  -052 62.5 173 41 This
nanosheets work
Cu-Al alloy 1.0 M KOH -1.5 80 400 34 1
molecules- 1.0M
Cu-12 KHCO, -0.83 72 230 40 2
pOIY'éTme' 1.0 M KOH -0.97 72 312 37 3
Cu-CO, 7.0 M KOH -0.67 70 217 42 4
CuAg wires 1.0 M KOH -0.70 60 180 27 5
Cuhollow N koH 0.9 61.1 143 33 6
spheres
Cu . 1.0 M KOH -0.78 46 150 26 7
nanoparticles
Dendritic |\ ey 11 57 170 28 8
Copper
CuDAT 1.0 M KOH -0.6 40 78 25 9
wire
Cu,O 0.1 M
nanoparticles KHCO; L1 >7.3 1 28 10
Cu nanosheets 0.1 M K,SO, -1.18 83.2 66.5 39 11
Cu 0.1 M
nanoparticles KHCO; -1 45 1.7 22 12
plasma 0.1 M )
activated Cu KHCO; 0.9 60 12 32 13
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