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Supplementary Results

Fig. S1 Digital photographs of (a) Cu foam, (b) Cu(OH)2 arrays, (c) Cu2O arrays and (d) Cu2O-D 
arrays.
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Fig. S2 XRD pattern of the Cu(OH)2 arrays.
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Fig. S3 SEM images of the Cu(OH)2 arrays.

Fig. S4 SEM images of (a-c) Cu2O foam, and (d-f) Cu2O foil.

Fig. S5 Reference HPLC spectra for (a) FAL and HFN under UV absorption wavelength of 210 nm 
and (b) FF under UV absorption wavelength of 265 nm. Calibration curves of (c) FAL, (d) HFN 
and (e) FF.



Fig. S6 XRD patterns of the Cu2O-D arrays, Cu2O-D foam and Cu2O-D foil with electrochemical 
pretreatment.

Fig. S7. (a) Cu 2p XPS spectra, (b) Auger Cu LMM and (c) relative percentage of Cu+ and Cu0 in 
the Cu2O-D samples after electrocatalytic reduction of FF for five cycles.



Fig. S8 CV curves of (a) Cu2O-D arrays, (b) Cu2O-D foam and (c) Cu2O-D foil recorded at 0.17-
0.27 VRHE with sweep rates from 10 to 90 mV s-1 in pH 14. (d) Capacitive current densities at 0.22 
VRHE with different sweep rates of the Cu2O-D samples.

Fig. S9 CV curves of (a) Cu2O-D arrays, (b) Cu2O-D foam and (c) Cu2O-D foil obtained at 0.08-
0.18 VRHE with sweep rates from 10 to 90 mV s-1 in pH 9.5. (d) Capacitive current densities at 0.13 
VRHE with different sweep rates of the Cu2O-D samples.



Fig. S10. SEM images of Cu2O-D foil.

Fig. S11. SEM images of Cu2O-D foam.

Fig. S12. SEM images of Cu2O-D arrays.



Fig. S13. N2 adsorption/desorption isotherms of the Cu2O-D arrays and Cu2O-D foam.

Fig. S14 Current density (in 1.0 M KOH without FF) normalized with ECSA of the Cu2O-D arrays, 
Cu2O-D foam and Cu2O-D foil.



Fig. S15 LSV curves recorded in pH 14 with 10, 20, 40 and 60 mM FF over the (a) Cu2O-D arrays, 
(b) Cu2O-D foam and (c) Cu2O-D foil. Conversion rate of FF, selectivity and FE to FAL/HFN on 
(d) Cu2O-D arrays, (e) Cu2O-D foam and (f) Cu2O-D foil in the electrolyte with different FF 
concentrations.

 

Fig. S16. SEM images of Cu2O-D arrays after ten cycles.

Fig. S17. Cu 2p XPS spectra of the Cu2O-D arrays after electrocatalytic reduction of FF for five 
and ten cycles.



Fig. S18 Conversion rate of FF and selectivity to FAL/HFN on a same Cu2O-D arrays electrode for 
electrochemical reduction of FF in the electrolytes with alternate pH between 9.5 and 14.

Table S1 shows the electrolysis conditions and the relevant parameters of the products.

Table S2. A comparison of the performance of electrochemical reduction of FF (HFN 
production) between the Cu2O-D arrays and other reported electrocatalysts.

Catalyst Potential pH Con. Sel.(HFN) F.E.(HFN) Ref.

Cu2O-D arrays −0.176 V vs. RHE 1M KOH (pH 14) 91.7% 83.5% 75.1% This work

Cu–Sn −0.5 V vs. RHE
0.1 M phosphate buffer solution 

(pH6.8)
>97% >67% 1

Cu/Co doped 

phthalocyanines
−0.50 V vs. RHE

0.1 M potassium bicarbonate–

carbonate buffer (pH 10)
65.3% 2

2H-rich MoS2 −1.0 V vs. Ag/AgCl

0.4 M borate (H3BO3/Na2B4O7) 

buffer in a 1:4 v/v% ratio 

(methanol:buffer) (pH 9)

98% 42.7% 3

 Cu–NPNi/NF −0.45 V vs. RHE 0.5 M NaOH, 50 mM FF 73.2 ± 2.3% % 64.2 ± 3.2% 4

Cu −1.5 V vs. Ag/AgCl
 0.2 M TBABr+MeCN, 

containing 5 v/v% H2O.
51% >50% 5

pH Potential (V vs. RHE) Con. (FF)% Sel. (HFN)% Sel.(FAL)% C.B.% Q.(C)

14 -0.176 91.7 83.5 20.2 103.4 14

13 -0.285 95.9 65.5 35.1 100.6 19.3

10.8 -0.313 92.2 15.4 76.6 92.7 19.3

9.5 -0.341 72.1 0.5 98.4 99.3 19.3



Carbon paper −1.4 V vs. Ag/AgCl 0.1 M KOH (pH 13) 66% ≈100% 89% 6

Table S3. A comparison of the performance of electrochemical reduction of FF (FAL 
production) between the Cu2O-D arrays and other reported electrocatalysts.

Catalyst Potential pH Con. Sel.(FAL) F.E.(FAL) Ref.

Cu2O-D arrays −0.391 V vs. RHE.
0.1 M Na2CO3-NaHCO3 buffer 

solution (pH 9.5)
75.4% 98.4% 74.1% This work                                       

15%-Cu/NC900 −1.3 V vs. Ag/AgCl 1M KOH (pH 14) 99% 99% 95% 7

1T-rich MoS2 −1.2 V vs. Ag/AgCl

0.4 M borate (H3BO3/Na2B4O7) buffer 

in a 1:4 v/v% ratio (methanol:buffer) 

(pH 9)

98% 94.4% 3

Cu–NPNi/NF −0.45 V vs. RHE 0.5 M NaOH, 50 mM FF 73.2 ± 2.3% 21.6 ± 1.1% 4

Cu/Cu-400 nm −0.5 V vs. RHE 0.5 M H2SO4 28.6 ±2.8% 24% 20% 8

OP-Cu −0.56 V vs. RHE
0.25 M phosphate buffer solution 

(pH 6.8)
96% 91.1% 9

Cu1/PC −0.75 V vs. RHE acetate buffer (pH = 5) 94% 10

Ag@Cu NWAs/CF −0.51V vs. RHE 0.5 M borate buffer (pH=9.2) 99.6% 96.6% 96.1% 11

Cu NWAs/CF −0.51V vs. RHE 0.5 M borate buffer (pH=9.2) 88% 78% 70% 11
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