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Preparation

Cu aspartic acid MOFs (Cu-ASP MOFs) nanofibers were prepared with aqueous/organic interfacial method
according to previous literature.l'l A series of CuO precursors are obtained by annealing Cu-ASP at 300 °C 1
h, 300 °C 3 h, 400 °C 1 h, 500 °C 1 h and 600 °C 1 h, respectively, accordingly the OD-Cu-1~5 were in-situ
formed during electrolysis. The copper succinic acid MOFs (Cu-SUC) was prepared by the same way of Cu-
ASP MOFs, and the CuO-SUC was achieved by annealing the Cu-SUC MOFs at 400 °C with 1 h. Accordingly

the OD-Cu- SUC was in-situ formed during electrolysis.

Characterization

The crystalline structures of series catalysts were identified by X-ray diffraction (XRD) measurements
performed on x’pert3 powder diffractometer equipped Cu Ko (A = 1.54056 A) radiation (60 kV, 60 mA) from
the 20 = 5 to 80° or 20 to 80°. The scanning electron microscopy (SEM) images were conducted on Sirion
200 microscopy to acquire the morphology of CuO and OD-Cu catalysts. The transmission electron
microscopy (TEM) images, high-resolution TEM (HRTEM) images and selected area electron diffraction
(SAED) patterns were performed on Talos F200X microscopy (200 KV). The X-ray photoelectron
spectroscopy (XPS) were collected by AXIS-ULTRA DLD-600W spectrometer with the dual chromicized Al

and Mg as excitation sources to confirm the valence state of copper on CuO and OD-Cu surface.

H-cell measurement

5 mg catalyst was dispersed into 500 pL ethanol and 25 pLL Nafion solution (5 wt%), a homogenous catalyst
ink was obtained by sonicating for 15 min. 10 pL of the catalyst ink was dropped on to the glass carbon
electrode and dried under room temperature. The CO, electrochemical reduction experiment were tested in a
sealed H-type cell which separated by Nafion-117 proton exchange membrane. Each cell was injected into 12

mL electrolyte. The electrolyte was CO;-saturated 0.1 M potassium bicarbonate (KHCO3) solution (pH 6.8).

Flow cell measurement



10 mg catalyst was dispersed into 1 mL ethanol and 50 pL Nafion solution (5 wt%), a homogenous catalyst
ink was obtained by sonicating for 30 min. 300 pL of the catalyst ink was dropped on to the carbon paper
electrode and dried under room temperature. The CO, electrochemical reduction experiment were tested in a
sealed flow cell which separated by an anion exchange membrane. The electrolyte was 1.0 M potassium
hydroxide (KOH) solution, which was flowed in the cathode and anode chambers separately. The working
electrode was glass carbon and carbon paper electrode with catalyst ink, and Ag/AgCl (saturated KCI)
electrode and Pt electrode were used as the reference electrode and counter electrode, respectively. The
conversion equation: £ (vs. RHE) = £ (vs. Ag/AgCl) + 0.21 V + 0.0591 x pH. And all tests were carried out
at the room temperature (25 °C). CO, gas was flowed with a flow rate of 20 sccm. Chronoamperometry was
performed using an electrochemical station and each potential among -1.0 V to -1.4 V vs. RHE was tested for
1 hour. The cathode cell was linked to a GC, after applying potentials, the online gas chromatograph
(Shimadzu GC-2014) detected the gaseous products every 13 minutes, which equipped with two flame
ionization detectors (FID) and thermal conductivity detector (TCD). TCD detect H,, FID 1 detects CO and
CH,4, FID 2 detects hydrocarbons. And the liquid products were quantified by a nuclear magnetic resonance
(NMR) spectrometer (400 MHz). Linear scan voltammetry (LSV) measurements were performed among 0 V
to -1.4 V vs. RHE in Ar or CO,-saturated 0.1 M KHCO; or 1.0 M KOH solution with a scan rate of 10 mV
s'l. The cyclic voltammetry measurements were measured from 0.1 to 0 V vs. RHE under CO; saturated 0.1
M KHCO; solution with various scan rates (10, 20, 30, 40, and 50 mV s!). And all the electrochemical data

in this paper were not applied IR compensation.
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Figure S1. (a) XRD pattern and (b) SEM image of Cu-ASP MOFs.
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Figure S2. XRD pattern of series CuO nanowires.




Figure S3. SEM images of series CuO nanowires. (a) 300 °C 1h. (b) 300 °C 3h. (c) 500 °C 1h. (d) 600 °C 1h.



Figure S4. (a) TEM, (b, c, d) High-resolution TEM images of CuO nanowires.
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Figure S5. LSV curves in Ar-/CO;-saturated 0.1 M KHCOj solution. (a) OD-Cu-1. (b) OD-Cu-2. (c) OD-

Cu-4. (d) OD-Cu-5.
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Figure S6. Product distribution analysis of (a) Cu foil, (b) OD-Cu-1, (c) OD-Cu-2, (d) OD-Cu-3, (e) OD-
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Figure S7. FE of C2, C1 and H; products for (a) Cu foil, (b) OD-Cu-1, (c) OD-Cu-2, (d) OD-Cu-4, (e¢) OD-

Cu-5, and (f) partial current density of C2 (C,H4 and CH;CH,OH) products.
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Figure S8. Capacitive behaviors of (a) OD-Cu-1, (b) OD-Cu-2, (¢) OD-Cu-3, (d) OD-Cu-4, (e) OD-Cu-5,
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Figure. S9 ECSA corrected partial current density for C2 products.
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Figure S10. N 1s XPS spectra of CuO and OD-Cu.
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Figure S11. TEM and HRTEM images of (a, d) OD-Cu-3, (b, €) OD-Cu-4 and (c, f) OD-Cu-5.



(b)

8 18 28 38 48
Degree (26)
(d)
Cuo_l I ll -I..i lll ..'Il i
20 40 60 80

Degree(20)

Figure S12. (a, ¢) SEM images and (b, d) XRD pattern of Cu-SUC MOFs (a, b) and its derived CuO-SUC (c,

d).
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Figure S13. (a) Product distribution analysis and (b) H,, C1, C2 products on OD-Cu-SUC at various applied

potentials in 0.1 M KHCOj solution.



Table S1. Summary of recent reported Cu-based catalysts for CO, reduction toward C,H, and C2 products.
FE of C2 FE (C,Hy) J(C,Hy

Catalyst cell Electrolyte %) %) (mA cm?) Ref.
0.1 M
- [2]
Cu nanocubes H-cell KHCO, 46 41 3.6
Cu,0 derived C H-cell 0.IM 54.4 42.6 13.3 [3]
U, \% u KHCO, . ) )
0.1 M
. ) [4]
Cu,0 derived Cu H-cell KHCO, 51 35 12.3
Plasma treated Cu foil H-cell 0.IM 60 60 14 (5]
KHCO;
anodized copper (AN- 0.1M
H-cell 40 40 7 (6]
Cu) Cu(OH), catalysts ce KHCO;
Carbon-Supported Cu 0.1M
- ~ [7]
Nanoparticles H-cell KHCO; 45 45 1
0.5M
- ~ [8]
Molecular Cu H-cell KHCO, 15 15 8.4
OD-Cu/ 0.1 M
Carbons fabricated H-cell KHCO 35 0 0 [
from HKUST-1 :
Cu,0@Cu-MOF H-cell 0.IM 21 ~18 ~3.2 [10]
KHCO; '
Cathodized copper- 0.1 M
H-cell 45 45 8.5 [11]
organic frameworks e KHCO;
copper (1I)
phthalocyanine H-cell ISHS Cl\g 15 ~15 ~2 [12]
(CuPc) .
CuO nanowire derived 0.1 M
- ~ ~ [13]
Cu H-cell KHCO; 25 10 /
CuO nanowire derived 0.1 M
- ~ [14]
Cu H-cell KHCO, / 21 /
CuO nanowire derived 0.1 M
- [15]
Cu arrays H-cell KHCO; 23 17 0.9
copper-chloride 0.1 M
H-cell . [16]
derived catalyst e KHCO; 73 36 93
CuO nanowire H-cell 0.IM 70 45 18.5  This work

derivates KHCO;



Table S2. Summary of recent reported Cu-based catalysts for CO, reduction in flow cell.

Catalyst

Cu wire

Nanoporous copper

Abrupt Cu
interface

CU403

Cu
nanoparticles

Copper nanodendrites
Copper

CUQO

HKUST-1 derived Cu
clusters
CuO nanowire
derivates

cell

Flow cell

Flow cell

Flow cell

Flow cell

Flow cell

Flow cell

Flow cell

Flow cell

Flow cell

Flow cell

Electrolyte

1.0 M KOH

1.0 M KOH
7.0 M KOH
2.5 M KOH

1.0 M KOH

0.1M
KHCO;

5.0 M KOH

1.OM
KHCO;

1.0 M KOH

1.0 M KOH

FE of C2
(%)

64
65
84
~60
46

57

~75.5

FE (C,H,)
(%)

39
40
70
~40
35

57

J (C;Hy)
(mA cm-
?)

75

76
175
120
150
96.9
800
114
118

141

Ref.

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

This work
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