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Figure S1 SEM of the precursor.

# Ni foam
Cu,0 PDF#78-2076

(i

Intensity (a.u.)

T T T

40 50 60 70 80
2-theta (degree)

g
e
= =
- a &
x L.'LL‘JL—L_%J
—J—‘J —
30

Figure S2 XRD pattern of the precursor.

Figure S3 SEM image of CuS@NF.
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Figure S5 Faradic efficiency for different products.
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Figure S6 CuS nanowire arrays grown on the surface of a nickel foam, denoted as CuS-NW@NF.
(a) SEM image; (b) XRD pattern.
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Figure S7 Faradaic efficiencies of CuS-NW@NF for CH,, CO, H, and HCOOH at various applied
potentials.
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Figure S8 Current density (j) vs. time at -1.1 V in CO,-saturated KHCO3; solutions. This experiment
and its result are similar to those in ref 41: After the first 30-min electroreduction with a stable
current density of 7.32 mA cm™2 in a 0.5 M CO,-saturated KHCO; solution (the red trace), the
CuS@NF electrode was pulled out, rinsed quickly with a fresh 0.5 M KHCO; solution and
immersed into another fresh 0.5 M CO,-saturated KHCO; solution. Electroreduction was then
conducted again for 30 min (the blue trace). The same procedure was repeated one more time
(the black trace). In each of the blue and the black traces, an obvious decrease in the current
density was observed. This decrease is because that in the red trace, the CuS phases on the
electrode were partially reduced to metallic Cu, releasing some S species into the corresponding
solution in order to maintain the (electro)chemical reaction equilibrium. Consequently, in the
blue trace, when a fresh CO,-saturated KHCOj; solution was used, the S~ content in the Cu/CuS
electrode was lower than that in the red trace, causing a lower current density. The black trace
has the same case. After the black trace, the same procedure was repeated, except that 1 mM
K,S was added into the corresponding KHCO; solution (the purple trace). Thus, the current
density recovered to the initial value and remained constant, indicating the important role of S



in the CO, electroreduction on Cus.
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Figure S9 XRD pattern of CuS@NF after the 60-h CO, electroreduction.
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Figure S10 XPS spectra of CuS@NF after the 60-h CO, electroreduction. (a) Cu 2p; (b) S 2p.
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Figure S11 Determination of double-layer capacitance for the CuS@NF. (a) Cyclic
voltammograms were measured in a non-faradaic region of the voltammogram at a sweep rate
of 2,4, 6,8 and 10 mV/s; (b) The relationship between the current density and the scan rate.



Table S1 Comparison of CH,4 production in our study and previous literature.

FE, 13
Catalyst Electrolyte max max Ref.
% Vv
CuS@NF 0.1 M KHCO3 735 -1.1 This work
Melamine-treated
0.1 M KHCO;3 0.75 -1.1 1
carbon
34(40 °C)
Copper electrode 0.5 M KCI - 2
71(10°C)
Cu,0 film@Cu 0.1 M KHCO3 9.85
-0.99 3
Cu (100) 0.1 M KHCO; 30.4
Rh@Au (100) 40 -1.01 A
Rh@Ag (100) 10 -1.12
Cu nanowire 0.1 M KHCO3 55 -1.25 5
Ni,Ga, 0.1 M KHCO3 2 -0.48 6
Cu (100) 0.1 M KClO, 30 -0.99
7
CuCl 0.1 M KHCO; 1.47 1.1
Cu@GNNW@Ss 0.5 M KHCO;3 19 -1.4 8
CH3;0H/0.1 M
Polypy coated Cu ) 26 -3 9
LIC|O4
Cu-polypyrrole KOH/methanol 8 -3 10
Cu/Cu-L(0.025 M) 0.5 M KCI 26 -1.2 ”
Cu/Cu-H(0.25 M) 0.5 M KCI 20 -1.2
Cu foam 0.5 M NaCOs; 40 -1 12
Cu(2)PG/GC 39
Cu(2)GO/GC 0.1 M NaHCO3 44 -1.3 13
Cu(2)GC 13
BAX 0.073 -0.8
CPS 0.1 M KHCO3 0.041 -0.9 14
CPSN 0.126 -1.2
0.1 M LiHCO; 6
0.1 M NaHCO3 18
Cu 0.1 M KHCO3 15 -1.1 15
0.1 M RbHCO; 13
0.1 M CsHCO; 9
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