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Quantitative analysis of products

The gas products were detected and analyzed using online gas chromatography
(FULTINSTRUMENTS GC 97901II). A thermal conductivity detector (TCD) measured
the amount of H, produced, while a flame ionization detector (FID) measured the

quantities of CO, CHy4, and C,H, generated. The FEs were calculated by :

VXQXPXnF
FE (%)= RXTXIi x100%

where V is the volume concentration fom GO, i is the current recorded. by the
workstation, P is pressure, F is the Faradaic constant, 96485 C mo~!, R is the ideal gas
constant, 8.314 m3. Pa (K-mol), Q is fow rate, 23 ml, min~!, and T is temperature.

After a constant potential reaction, the liquid products were sampled with a
syringe, and 600 pl of the collected electrolyte was mixed with 100 pl of D,O
(deuterated water) and 100 pl of DMSO (dimethyl sulfoxide, internal standard) for
analysis using 'H nuclear magnetic resonance ('H-NMR AVANCE NEO600). The 'H-
NMR spectrum was measured with water suppression using a pre-saturation method.
The quantification was achieved by internal standard method with an internal standard
aqueous solution of 50 dimethyl sulfoxide. The FE for the products were calculated as

follows:

CXVxnF
FE (%)= @ x 100%

where Concentration (C) was obtained from NMR, V is clectrolyte volume, F is the
Faradaic constant, Q is the electricity record by the workstation.

It is worth noting that the test results of all gas and liquid products are the average



of the three tests.
The calculation methods of CO conversion rate and H—content in products are
shown in the following:

CO conversion rate:

Nepa t 2Ncopa + 2N eyscnzon T 3N cnschz2cnzon

Neo + Nepa + 2Nopa + 2N cyscnzon + 3N cyscuzcnzon

Where ny is the mole of product, which can be obtained from GC or |H NMR.

H-content in products:

3 2XFEy, 4 XFEcy, 2XFEqcoon 4 X FEcops 6 X FEcpscpaon

2 4+ 8 L+ 2 4 12 4+ 12 4

8 X FE cyscpachzon
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Figure S1. The synthetic process of CuO@PVP.
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Figure S2. Photographs of contact angle measurements on the (a) CuO and (b)

CuO@PVP.
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Figure S3. (a-c) SEM images of the CuO, and (d) particle size distribution of CuO.
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Figure S4. (a) SEM images of the CuO@PVP2, and (b) particle size distribution of

CuO.



Figure S5. (a-b) The TEM images of CuO.
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Figure S6. (a) O 1s and C 1s XPS patterns of CuO and CuO@PVP2.
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Figure S7. In-stiu-gas-chromatography spectra under various potentials of

CuO@PVP2 in chronoamperometry detected by (a) FID and (b) TCD detectors; (c)

Standard curve.
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Figure S8. 'H-NMR spectra under various potentials of CuO@PVP2 in

chronoamperometry; (b) Standard curve.
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Figure S9. The FE for each CO,RR product on (a) CuO@PVP1 and (b) CuO@PVP3.
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Figure S10. CuO, CuO@PVP1, CuO@PVP2, and CuO@PVP3 at various potentials:

(a) FEy; and (b) FE(;.
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Figure S11. (a) LSV curves of CuO, CuO@PVP1, CuO@PVP2, and CuO@PVP3

under N; and CO, atmospheres, (b) EIS spectra of CuO and CuO@PVP2 at —-1.5 V

(vs. RHE).



—_
D

2

Current density (mA cm

Current density (mA cm™)

Aj (mA em™)

0.12
a b 0104 160 mv s CuO@PVP1
0.08 4 B
g 0.05
0.04- ol
0.00 4 g 0001 Wmy 5! )
= {
3
-0.04 £ %
@
£
0.08 4 5-0.101
012 . . . : R -0.15 . . " . \
-0.06 -0.04 -0.02 0.00 0.02 004 0.06 -0.06 -0.04 -0.02 0.00 0.02 004 0.06
E (V vs.RHE) E (V vs.RHE)
Coas d
0.104 160 mv 51 CUO@PVE3
0.10 4 &
£ 005
0.05 4 -«
£ 0.00
0.00 1 z o
H
S
0.05 S -0.054
=
5
-0.10 =-0.104
=
o
-0.15 -0.154
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.0 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
E (V vs.RHE) E (V vs.RHE)
o104 ® CuO 0.38 mF em?
CuO@PVP1 0.53 mF cm™
CuO@PVP2 0.60 mF cm™
0.084 v CuO@PVP3 0.58 mF cm™,
0.06
0.04 4
0.02 4
0.00 . - - :
0 40 80 120 160

Sean rate (mV )

Figure S12. Cy of CuO, CuO@PVP1, CuO@PVP2 and CuO@PVP3 catalysts. (a—d)

CV curves at different scan rates. (e) Plot of difference in charging current density vs.

scan rate.
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Figure S13. XRD patterns CuO@PVP2 and CuO after CO, electroreduction.



Figure S14. (a-b) SEM images of the CuO sample after electroreduction.
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Figure S15. TEM images of the (a-b) CuO sample (c-d) CuO@PVP2 after

electroreduction.



Figure S16. (a) HRTEM images of the CuO. (b) Lattice fringes correspond to the blue

region. (c) Lattice fringes corresponding to the orange region.
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Figure S17. XPS images of (a) C 1s and (b) N s of the CuO@PVP?2 catalyst after

electroreduction.
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Figure S18. CV curves over CuO and CuO@PVP2 catalysts in 1 M KOH.



Table S1. The performance comparison of this work with the state-of-the-art results.

Catalysts FEc214(%) FE2+(%) References

CuO@PVP 46.7 72.8 This work
Cu-N,O, 25 / !
Act-Si-2-Cu-Ny 41.94 / 2
CuO 26 44.6 3
Cu@[BPy]BF;-2.4 30.91 / 4
Ce0,-CuO 42.3 / >
Cu,O@Ag-45 / 55.4 6
BIC-145 28 / 7

Ag-MOF/CuO 45.72 / 8




Table S2. EIS equivalent circuit simulation results.

Sample R Rt

CuO 97.34 67.17

CuO@PVP2 88.7 38.48
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