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Experimental section

Materials: All chemical reagents are directly used without further purification as all chemical regents
were of analytical grade. BiCl; was purchased from Beijing InnoChem Science & Technology Co., Ltd.
Dimethyl sulfoxide (DMSO) were purchased from Tianjin Zhiyuan Chemical Reagent Co., Ltd. Sodium
hydroxide (NaOH), ammonium persulphate ((NH4),S,;0g), potassium bicarbonate (KHCO3), and
sulfuric acid (H,SO,4) was purchased from Shanghai Aladdin Bio-Chem Technology Co., Ltd. Cu foam
was purchased from Bosai Electrochemical Materials Network. Nafion solution was purchased from
Shanghai Hesen Electric Co., Ltd. Gaseous CO,, H,/Ar, and N, were obtained from Guangzhou
Shengying Gas Co., Ltd.

Fabrication of Cu NWs/Cu: Firstly, copper hydroxide NWs (Cu(OH), NWs/Cu) was prepared by a
chemical oxidation method based on previous research. -2 In a typical procedure, a piece of Cu foam (1
cm % 1.5 cm) was immersed into 50 mL of an aqueous containing 1.245 g (NH,4),S,0g and 5 g NaOH
for 20 min. Subsequently, the Cu foam with light blue was washed with deionized water and dried at 60
°C. The as-prepared Cu(OH), NWs/Cu was placed in a quartz, and heated in tube furnace at 180 °C in
the air for 1h to get copper oxide NWs (CuO NWs/Cu). Finally, the Cu NWs/Cu was obtained by
reduction of the CuO NWs/Cu in a forming gas (8% H,/Ar) at 300 °C for 2h.

Synthesis of Cu@BiOCI NWs/Cu: To grow bismuth oxychloride (BiOCl) in situ on Cu NWs/Cu, a piece
of Cu NWs/Cu was put into 25 mL of a DMSO solution containing 20 mg BiCl; for 24 h. Then the
Cu@BiOCl NWs/Cu was washed with ethanol for several times and dried at 60 °C to obtain light-yellow
Cu@BiOCl NWs/Cu.

Synthesis of Cu@Bi NWs/Cu: In-situ preparation of Cu@Bi NWs/Cu was got through electrochemical
reduction of Cu@BiOCl NWs/Cu employing in a Metrohm Autolab electrochemical workstation in
stand three-electrode configuration with one-chamber. For the cathodic conversion from Cu@BiOCl
NWs/Cu to Cu@Bi NWs/Cu, the Cu@BiOCl NWs/Cu, the platinum gauze and Ag/AgCl (saturation)
electrode were used as working electrode, as counter electrode and as reference electrode, respectively.
After cyclic voltammetry (CV) experiments with the scan rate 50 mV s*! were performed to reduce to
Cu@BiOCl NWs/Cu to Cu@Bi NWs/Cu in N,-saturated 0.1 M KHCOj; aqueous solution from -0.8 V
to -1.2 V for 500 cycles. Finally, the black Cu@Bi NWs/Cu was taken out from the electrolyte, washed
with deionized and ethanol for several times, respectively, and dried at 60 °C.

Preparation of working electrodes: Typically, commercial Bi powder (2 mg) was dispersed in a solution
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consisting of Nafion solution (5 wt%, 20 uL) and isopropanol (240 pL) by ultrasonic treatment for 1 h
to form homogeneous Bi catalyst ink. Then, the obtained homogeneous solution is then added dropwise
to the Cu NWs/Cu (designated as Bi-Cu NWs/Cu) or Cu foam (designated as Bi/Cu) and then dried at
room temperature for 24 h. Cu@Bi NWs/Cu or Cu NWs/Cu was directly used as the working electrode.
Material characterizations: The phase composition and crystallinity of the samples were characterized
via the powder X-ray diffraction (XRD) (D8 ADVANCE with Cu Ka (A = 0.15406 nm)). The
microstructures of samples were detected via a scanning electron microscope (SEM, Hitach SU8220), a
transmission electron microscopy (TEM) and a high-resolution TEM (HRTEM, FEI Talos F200s). X-
ray photoelectron spectroscopy (XPS) (Escalab 250Xi with Al Ka radiation source) was applied to study
the surface chemistry of the samples.

Electrochemical measurements and product analysis: All electrochemical data were recorded using
PGSTAT302N potentiostat/galvanostat (Metrohm Autolab, Netherlands) with Cu@Bi1 NWs/Cu, Cu
NWs/Cu, Bi-Cu NWs/Cu or Bi/Cu as working electrode, platinum gauze (I cm % 1 cm) as counter
electrode and Ag/AgCl (3.5M KCl) as reference electrode. Linear sweep voltammetry (LSV) curves
were conducted with PGSTAT302N potentiostat/galvanostat using the commercial H-cell configuration
with a sweep rate of 50 mV/s from -0.03 V to -1.27 V (vs. RHE). Electrochemical impedance
spectroscopy (EIS) of Cu@Bi NWs/Cu, Cu NWs/Cu, Bi-Cu NWs/Cu and Bi/Cu were performed at the
constant potential mode over a frequency range from 100 kHz to 0.01 Hz with an amplitude of 5 mV.
The electrochemical double-layer capacitances (Cyg) were recorded via a series of cyclic voltammetry
(CV) between 0.3 V to 0.4 V (vs. RHE) with different scan rate in 0.5 M KHCO;. The CO,RR was
performed at normal temperature and pressure using a commercial gas-tight H-type cell with Nafion 117
membrane (Shanghai Hesen Electric Co., Ltd) separating the anode and cathode compartments. 0.5 M
KHCOj; was the catholyte, and the anolyte was 0.1 M H,SO,4 aqueous solution. The catholyte was saturated
with CO, before the start of the catalytic experiment. The cathode solution was stirred gently to mix
better while CO, gas passed in at a speed of 50 mL min'!. The cathode solutions were collected at the
end of each electrocatalysis, and the liquid products were analyzed qualitatively and quantitatively by
"H-NMR (AVANCE III HD 600MHz).

Computations: The present first principle DFT calculations with the projector augmented wave (PAW)
method were performed by Vienna Ab initio Simulation Package (VASP). 34 The exchange-functional

is treated using the generalized gradient approximation (GGA) of Perdew-Burke-Ernzerhot (PBE)

S-3



functional. > The Vaspkit code ¢ was used for the post processing of the data, and the energy cutoff for
the plane wave basis expansion was set to be 500eV, the Brillouin zone integration was sampled by
2*2*] point for the Cu (111) surface and Bi (110) surface, 2*3*1 point for Cu-Bi heterojunction, and
the force on each atom less than 0.03 eV/A was set for convergence criterion of geometry relaxation. 15
A vacuum was added along the z direction in order to avoid the interaction between periodic structures.
The self-consistent calculations apply a convergence energy threshold of 103 ¢V. The DFT-D3 method
was employed to consider the van der Waals interaction. 7 The Gibbs free energy changes for each

electrochemical step was calculated by the expression:
T

AG = AE pp + AZPE + fCPdT ~TAS

0
T

[eyar

Where AEppr is the total electronic energy change, AZPE is the change of zero-point energy, 0

is the change of enthalpic temperature correction, AS is the change of entropy, T is the reaction

temperature.
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Cu(OH), NWs/Cu  CuNWs/Cu  Cu@Bi NWs/Cu

Fig. S1. Optical photographs of Cu foam, Cu(OH), NWs/Cu, CuO NWs/Cu, Cu NWs/Cu, BiOCl@Cu NWs/Cu and
Bi@Cu NWs/Cu.
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Fig. S2. XRD patterns of Cu(OH), NWs/Cu, CuO NWs/Cu and Cu NWs/Cu.



Fig. S3. Characterization of Cu foam, Cu(OH), NWs/Cu, CuO NWs/Cu, Cu NWs/Cu and Cu@BiOCl NWs/Cu. SEM
image of (a) Cu foam, (b) Cu(OH), NWs/Cu, (c) CuO NWs/Cu, (d) Cu NWs/Cu and (e)-(h) EDX elemental mapping

of Cu@BiOCI NWs/Cu.
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Fig. S4. (a) XRD patterns of Cu@Bi NWs/Cu after CO,RR; (b) SEM images of Cu@Bi NWs/Cu after CO,RR; (c)

XPS spectra of Cu@Bi NWs/Cu after CO,RR (The two peaks of Bi 4f can be observed at 159 eV and 164.3 eV.).
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Fig. S6. Partial current density for HCOOH normalized to ECSA of Cu@Bi NWs/Cu, Cu NWs/Cu, Bi-Cu NWs/Cu

and Bi/Cu.
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Table S1. Comparisons of CO,RR performance for Cu@Bi NWs/Cu with reported electrocatalysts.

Catalysts Applied potential (vs. RHE) Jtotal (IZI)IA cm- FEucoon Reference
Bi/Sn 1.1V 34.1 91 8
BiOBr -1.0V 80 99 9

Bi -1.18V 72 100 10

POD-Bi -1.16 V 57 95 11
SnS/Aminated-C 09V 52.1 92.6 12
In-Sn core-shell 1.1V 46.1 74 13
mesoporous SnO, NSs -0.96 V 51.7 87 14
BiOx/C -1.23V 37.8 89.3 15
In,O5/InN -1.59V 18.6 95 16
Bi/Nafion@Cu -1.17V 75.9 95 17
Bi,S3-Bi,05 1.1V 18.2 93.8 18
Sub-2 nm SnO, -1.16 V 15.7 87.3 19
Bi NSs -1.5 V (vs. SCE) 14.8 95 20

Bi,0; NSs@MCCM -1.26 V 16.2 93.8 21
Bi-300 09V 16.7 91.6 22
Bi/CeO, -1.3V 149 92 23

pits-Bi NS -1.14V 329 95.3 24

BiCu/Cu -1.2V 98.2 89.4 25
Bi-Sb 09V 43.3 95.8 26
Bi-Sn -1.14V 111.8 92.1 27

Cu@Bi NWs/Cu -1.07V 129 98.7 This work
Cu@Bi NWs/Cu -1.17V 155.8 90.1 This work




Table S2. The Bader charge of D-Bi (110) and Cu (111)@D-Bi (110) respectively.

Atomic number D-Bi (110) Cu (111)@D-Bi (110)
1 15.06 15.12
2 15.02 15.04
3 15.02 15.08
4 14.99 15.00
5 15.01 15.08
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