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Figure S1. SEM image (a) and enlarged SEM image (b) of Cu,0. (c) Particle size distribution
histogram of Cu,O determined from the SEM images.
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Figure S2. SEM image (a) and enlarged SEM image (b) of Sn-Cu,0-0.0125. (c) Particle size
distribution histogram of Sn-Cu,0-0.0125 determined from the SEM images.
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Figure S3. SEM image (a) and enlarged SEM image (b) of Sn-Cu,0-0.025. (c) Particle size
distribution histogram of Sn-Cu,0-0.025 determined from the SEM images.
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Figure S4. SEM image (a) and enlarged SEM image (b) of Sn-Cu,0-0.05. (c) Particle size
distribution histogram of Sn-Cu,0-0.05 determined from the SEM images.



Figure S5. TEM image and Element mapping of Cu, O, Sn in Sn-Cu,0-0.025.
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Figure S6. XRD magnified patterns of Cu,0O and Sn-Cu,0-0.025.
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Figure S7. XPS survey spectra of Cu,0 and Sn-Cu,0-X (X=0.0125, 0.025, 0.05).
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Figure S8. The standard curves of (a) Hy, (b) CO and (c) C,H,4. Typical gas chromatography spectra
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(d) of the H,, CO and C,H,4 products of Sn-Cu,0-0.025 catalysts.
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Figure S9. The standard curves of (a) HCOOH, (b) C,HsOH, and (c) CH;COOH. The representative
1H NMR spectra (d) of CO,RR liquid products of Sn-Cu,0-0.05 at 400 mA cm2.
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Figure S10. LSV curves of Cu,0 and Sn-Cu,O-X measured in CO;-saturated 1M KOH.
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Figure S11. FE of Cu,0, Sn-Cu,0-0.0125 and Sn-Cu,0-0.05 at applied current density ranging

from 100-500 mA cm™2 in 1M KOH.

12




0.020] — 10 mis
——20mivs e
0015 — 30 mvis
e A0 miis
§ noa]  S0mvs
<
£
2 0.005-
@
£ 0.000
3
£ -0.005
‘5
0.010-
0] cuge
108 110 172 114 146 1d8 120
Potential { vs.RHE)
0z — 10mvis
——20mvis
_ ——30mvis
“ ——domvis
g ot ——50mWis
<
E
> 000
3
2
5
3
=001
g
H
o
002
n-Cu,0-0.05
003
104 106 108 10 192 144 198

Potential (V vs.RHE)

(=2

0041 ——10mss a
——— 20 mvs 7
_003{ —30mws
& ——4amvis
5 om2{ —somvis
<
Eont
2 oo
g
3
Z.00
2 7
3-002 i
i
-0.03 L~ Sn-Cu,0-0.0125
0.04 i T T T T T
086 098 100 102 104 106 108

e s

Potential (v vs RHE)

D.014

0.012

]
E

Cirrent density (mA cm?)
s o %
g g

S

0.002

Cu0

Sn-Cu,0-0 0125

5n-Cu,0-0.025
v SnGu0-0.08

10 20 30 40 S0 60
Sean rate (mV s™)

Current density (mA om

—— 10mvis
—— 200mVis
—— 30mvis
—— 40 mivis
—— 50 mvis

8n-Cu,0-0.025

108 10 192 114
Potential (v ve.RHE}

Figure S12. Cyclic voltammetry curves for (a) Cu,O, (b) Sn-Cu,0-0.0125, (c) Sn-Cu,0-0.025
and (d) Sn-Cu,0-0.05 performed at scan rates from 10 to 50 mV s'.. (e) Linear fitting of double-
layer capacitance of Cu,0 and Sn-Cu,0-X to estimate ECSA.
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Figure S13. Tafel slope of Cu,0 and Sn-Cu,0-X.
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Figure S14. EIS curves of Cu,0 and Sn-Cu,0-0.025 catalysts measured at -0.27 V vs RHE.
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Figure S15. XRD image of Sn-Cu,0-0.025 catalyst after CO,RR test.
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Figure S16. The XPS spectra of (a) Cu 2p, (b) Cu Imm and (c) Sn 3d of Sn-Cu,0-0.025 after

CO,RR test.
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Figure S17. Stability of Sn-Cu,0-0.025 at 200 mA cm over 420 min. Products were sampled by
GC during the stability experiment.
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Figure S18. The XRD pattern of Sn-Cu,0-0.025 after stability test.
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Figure S19. In situ IF-TR spectra at different potentials of a) Sn-Cu,0-0.025 and b) Cu,0.

TableS1. The content of metal for Sn-Cu,0-0.025, Sn-Cu,0-0.05 and Sn-Cu,0-0.1 by ICP-OES.
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Sample Metal Content (wt%)

Sn-Cu,0-0.0125 Sn 0.047
Sn-Cu,0-0.025 Sn 0.058
Sn-Cu,0-0.05 Sn 0.129

TableS2. The average size and standard deviation of Cu,O, Sn-Cu,0-0.025, Sn-Cu,0-0.05, and Sn-
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Cu,0-0.1 by SEM images.

Average Standard deviation
Sample
(nm) (nm)
Cu,O 65.7 10.1
Sn-Cu,0-0.0125 64.8 10.2
Sn-Cu,0-0.025 60.5 6.7
Sn-Cu,0-0.05 66.7 8.9

TableS3. Performances and comparison of Sn-Cu,0-0.025 and reported Cu-based SAA catalysts
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for CO,RR.

Current Density

Catalyst Cell Electrolyte FEcy+ (%) Ref
(mA c¢cm?)
Sn-Cu,0-0.025 Flow cell IM KOH 73.2 200 This work
Sn1Cu-SAA Flow cell IM KOH 79.3 800 Q)
MolCu-SAA Flow cell IM KOH 86.4 800 @)
Pd-Cu Flow cell IM KOH 80.8 800 Q)
Cu3Al-LDHs Flow cell IM KOH 84.5 300 *
Scp.09-Cu20 Flow cell 1M KOH 71.9 600 ®)
BiCu-SAA Flow cell IM KOH 73.4 400 ©
CoCu-SAA Flow cell 1M KHCO;s 61.87 =520 0
AgCu SAA Flow cell IM KOH 94 720 ®
CuPd SAA Hecell  0.IMKHCO;  85.7 No ©)
De-Au;Cu
Flow cell IM KOH 52 252 (19
SAA
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