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EXPERIMENTAL SECTION:

Chemicals and reagents

Nickel nitrate hexahydrate (Ni(NOs),"6H,O), copper nitrate trihydrate
(Cu(NO3),-3H,0), ammonium chloride (NH4Cl), ethanol (C,HsOH), potassium nitrate
(KNOs), potassium nitrite (KNO,;), hydrochloric acid (HCl), potassium hydroxide
(KOH) and Nesser's reagent were purchased from Sinopharm Chemical Reagent Co.,
LTD. All reagents were received as the analytical grade and used without any
purification.

Pretreatment of Cu foam (CF)

Pieces of CFs (1x1 cm?) were cleaned in an ultrasonic bath of 0.1 mol/L HCI for 10
min to remove the oxides on the surface. Then, they were washed using deionized water
and absolute ethanol in sequence under ultrasonication. Wet CF is preserved by
immersion in refresh absolute ethanol at room temperature.

Synthesis of NiO/Cu

After cleaning, the CF was dried in a vacuum drying oven at a temperature of 80°C for
12 hours. Then, it was heated in a tube furnace at a rate of 3°C/min in an air atmosphere
until reaching a temperature of 400 °C. The heating was maintained for a duration of 3
hours to obtain CuO nanowires (NWs). The CuO NWs was used as the working electrode,
the parallel carbon rod was used as the counter electrode, and calomel was used as the
reference electrode. The Cu NWs were obtained by electrochemical reduction of CuO
NWs at -0.6 V vs. RHE in a standard three-electrode electrochemical cell for 30 min.
Then, the co-electric deposition was performed in a standard three-electrode
electrochemical cell with Cu NWs as the working electrode, parallel-placed carbon rods
as the opposite electrode, and calomel as the reference electrode. The electrolyte consists
of XNO; (X = Ni, Fe, Co) and Cu(NO;),'3H,0 dissolved in 100 ml deionized water
with a stoichiometric number of 5.5 mmol. Constant current electrodeposition was then
carried out at -100 mA at 25 °C. The deposition time for synthesize NiO/Cu is 15 minutes.
After co-electric deposition, NiO/Cu and other nanocomposites were carefully removed
from the electrolyte, rinsed with water and ethanol, and then dried overnight at 60 °C.

Structural and surface characterization
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Scanning electron microscopy (SEM) images were collected on a field emission
scanning electron microscope (FEI Magellan 400 L XHR). Transmission electron
microscopy (TEM), high-resolution TEM (HRTEM), high-angle annular darkfield
scanning TEM (HADDF-STEM) and energy-dispersive X-ray spectroscopy (EDS)
mapping were obtained on the Titan G 260-300. Surface composition and chemical
state were revealed by thermodynamic X-ray photoelectron spectroscopy (XPS)
measurements using an AXIS ULTRA DLD electron spectrometer (voltage: 15 kV,
current: 10 mA, full spectrum flux: 160, narrow spectrum flux: 40, monochromatic
aluminum target). X-ray diffraction (XRD) measurements were performed on the
Bruker D8 ADVANCE X-ray diffractometer.

Electrochemical measurements

All measurements were performed at 25 °C in an H-type electrolyzer using a CHI 760
E electrochemical workstation. In the three-electrode electrochemical cell, the prepared
material was used as the working electrode (1 cm x 1 cm), the carbon rod was used as
the counter electrode, and the calomel electrode was used as the reference electrode.
Fumasep FAB-PK-130 was used as an anion exchange membrane. All potentials in this
paper were converted to the potentials vs. reversible hydrogen electrode (RHE) through
the equation Erye=Escgt+0.244+0.0592pH. The NOs;RR and NO,RR performances of
the catalytic materials were tested in 1 M KOH with 0.1M KNO;/0.1M KNO, by linear
sweep voltammetry (LSV) with a scanning rate of SmV-s-!. The specific test conditions
for EIS are as follows: the starting voltage (V) is the voltage corresponding to 10
mA-cm?2, the high frequency (Hz) is 100,000, the low frequency (Hz) is 1, the
amplitude (V) is 0.005, and the quiet time (sec) is 2 seconds.

Detection of NH,*

The quantification of NH,* was conducted with Nessler’s reagent as the coloring
agent. 0.2 mL electrolyte after NO;RR was first taken out from the cathodic
compartment and diluted to 5 mL. Then, potassium sodium tartrate solution (500 g L,
0.1 mL) was added and thoroughly mixed. In the last step, 0.1 mL of Nessler’s reagent
was added to the above mixture. After being left standing for 20 min, the absorbance at

420 nm was measured by UV-spectroscopy (PG200-Pro back-thinned spectrometer,
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ideaoptics, China). The obtained value was then fitted to the calibration curve to acquire
the corresponding NH,* concentration.

The NH4" was calculated as follows:

Yield NH4" = (Cnpas X V) / (t X S)

The Faradaic efficiency was calculated as follows:

Faradaic efficiency = (8F % C yg4+X V) / (Mnpa+ * Q)

where Cnpg+ 18 the mass concentration of NH,*(aq), V is the volume of electrolyte in

the cathode compartment, t is the electrolysis time, S is the geometric area of working

electrode, F is the Faraday constant (96485 C-mol!), Myp4- is the molar mass of NH,*,

and Q is the total charge passing the electrode.
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Figure Sla. Schematic showing the conversion of waste NO5™ (from industry and
agriculture) to NH; via the electrochemical nitrate reduction reaction (NO;RR)
pathway with relevant reaction steps. b, The poisoning phenomenon of Cu



Figure S2. (left) CuO NWs on CF prepared by heattreatment of CF in air at 400 °C and
(right) the Cu NWs on CF prepared by electro-reduction of CuO NWs on CF
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Figure S3. a) XRD image of the CuO NWs obtained by reduction.; b) SEM image of

CuO NWs.
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Figure S4. a-c) XPS spectra of NiO/Cu (1:1), NiO/Cu (1:1) and Cu NWs; d) O 1S
XPS spectra of NiO/Cu (1:1), NiO/Cu (1:4) and Cu NWs.
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Figure S5. Cu 2p XPS spectrum of Cu NWs prepared by electro-reduction of CuO
NWs.
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Figure S6. a) Fe,0;/Cu-1:1 composite catalyst obtained by electrodeposition and b)
CoO/Cu-1:1 composite catalyst obtained by electrodeposition.c) XRD spectra

corresponding to Fe,O3/Cu-1:1 and CoO/Cu-1:1.

a
L 0-
Q
< _100.
g -100
2
= 2001
[ =
S
© -300 4
o CuO Nws 200th
5 _400. CuO Nws
3 -400
04 -02 00 02 04

Potential (V vs. RHE)

10

b

o

=100

=200 -

Current density (mA cm?)
&
[=]
i

—— Co0/Cu-1:1
—— NiO/Cu-1:1
—— Fe,0,/Cu-1:1

-04 -02 00 02 04
Potential (V vs.RHE)




Figure S7. a) CV curves of CuO NWs in 1 M KOH electrolyte containing 0.1 M
KNO; after 200 cycles. b) CV curves of different electrocatalysts in 1 M KOH
electrolyte containing 0.1 M KNOj after 200 cycles (CoO/Cu-1:1, NiO/Cu-1:1 and
Fe,03/Cu-1:1).
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Figure S8. UV-Vis curves and calibration curves for determining NH,*. 1 mL NH,Cl

standard solution was diluted to 5 mL for test.
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Figure S9. HER performance of NiO/Cu-1:1 catalyst.
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Figure S10. a) UV spectra for different kinds of anions. b) The four reaction cycles
for the electrolytes detected by the UV spectrum. C) In situ ultraviolet—visible (UV—
Vis) spectroscopy measurements of NO,™ reduction on NiO NWs in 1 M KOH with

0.1 M KNO; electrolyte.
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Figure S11. Ni and Cu 2p XPS spectra before and after the reaction.
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Table S1 The standard reduction potentials of metals.

Ni** /Ni -0.257

cu’’ /cu 0.342
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Table S2 Comparison of NO;RR performance for some recently reported
electrocatalysts in alkaline electrolytes.

Faradaic
Catalysts Electrolytes | NH; yield rate | Efficiency Reference
(Y0)
1 M KOH 455 mg h'!
NiO/Cu/CF | +0.1 M cm 2@ —03 V|97 This work
KNO; vs. RHE
0.MKon | 7mmel
CuCoSP £0.01M cm ?h 9.8 Nat. Conllmun., 2022,
KNO, @ —0.175V 13, 1129.
vs. RHE
Cu/Cu,O ;:2 SO, arll\fl Snzlijilnémj)l 85 Angew. Chem. Int.
NWAs on 81 Ed., 2020, 59, 5350-
Cu mesh 200 ppm | V' vs. 5354.2
NO;5~ RHE
0.5M 0.0699 mmol ) i
Cw0 Ar- | Na,SO, cm2h '@ — 1.2 Applied Catalysis B:
89.54 Environmental, 2022,
40 + 200 ppm V vs. 305. 1210213
NO;~ Ag/AgCl ’
1 M KOH 30mg cm2h! .
CuFe-450 | +100mM | @-08Vvs. |90.6 e GRSt 2022
HNO; RHE
1.5mmol
Fe-cyano-R i%?ﬁf/{ cm 2h! 0.2 ACS Nano, 2022, 2,
NSs HNO, @ —0.6 V vs. 1072-1081.3
RHE
CoP 1.0 M NaOH | 15.44 mol m2 Energy Environ. Sci.,
NAS/CFC +1.0M h'@—0.6 Vvs. | ~100 2022, 15,
NaNO; RHE 760-770.5
82.4 mg h!
0.l MKOH | mg! ACS Catal., 2021, 11,
CoOy +100 mM cat 93.4 15135-
HNO; @ -0.3 V vs. 15140.7
RHE
650 mmol g!
Cu-NBs- 1 M KOH cath’! Energy Environ. Sci.,
- +0.1 M @-0.15Vvs. |95 2021, 14,
KNO; RHE 4989-4997.8
I MKOH 23mg o ht Energy Environ. Sci.
R-NiCu-OH | +0.1 M @ —0.1 V vs. 72 2022, 15. 3004.9 ’
KNO; RHE 7 '
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50 ppm NO;5~

0.045 mmol h™!

cm 2 ACS Catal. 2020, 10
Ti0,— + 05 M 85 7
e NaSO at—1.6 V vs. 3533-3540.10
2o SCE
1.17 mmol h™! J. Am. Chem. Soc.
i R 1 M KOH +
:tfmfdt r“ IMKI\(I)O cm2 at —0.8 V | 100 2020, 142, 7036-
AMOCIUSIELS 3 | vs. RHE 7046.11
Al tain. Chem.
o 04M NO; CS Sustain. Chem
Ti foil t 5H~0.77 82 Eng. 2020, 8, 2672-
atpu~s 2681.12
0.1 M PBS
Copper- solution
0.0514 1
molecular (pH7) B - mmo Nat. Energy 2020, 5,
. . h™'cm™2at—0.6 | 85.9
solid contained 605-613.13
V vs. RHE
catalyst 500 ppm
NO;~
170 mA cm2 at
-0.15 V .
Copper 1 M KOH RUE Si\: J. Am. Chem. Soc.
nicii v | containing | " dislg< 99 2020, 142, 5702-
Y5 10.1 M KNO; g 5708.14
electrodes at
100 rpm
0.1 M KOH | 0.161 1 h! ly 1009
A single-site .. - o neary o Energy Environ. Sci.
on containing cm? at -0.7 V | after - 0.3 V 202114, 352353115
0.1 M KNO; | vs. RHE vs. RHE Y ’
0.50 M | 0.46 mmol h'!
F ingl Nat. C . 2021,
o °C|KNOY 010 cem?at-085V | ~75 D
M KZSO4 vs. RHE ’ '
R A . M | 0.001 1] 29.6%
u SA on | 0.05 OOE) 87 mmo 9.6% at Adv. Mater. 2018, 30,
N-doped H,SO, cm2htat-02|-02 V vs.
1803498.17
carbon electrolyte V vs. RHE RHE
0.1 M| 1.27 lh!
- fmo 93% Angew. Chem. Int. Ed.
Rh@Cu- | Na,SO; (pH | cm™ at—0.2 V vs. | 2022 61
0.6% 11.5)+0.1M | at—0.4 V vs. ’ ’ ’ ’
RHE 202202 A8
KNO; RHE €202202556

Table S3 Comparison of NO3;RR performance for Cu-based catalysts.

Faradaic
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Efficiency
(%)
1.17mmol
0.IM KOH cm 2h! Nat. Commun., 2022,
CuCoSP +0.01M 92.8
KNO; @ -0.175V 13, 1129.
vs. RHE
Cu/Cu,O 1%22 SO, (C)nzlif_lném_%l 85 Angew. Chem. Int.
NWAs on 81 Ed., 2020, 59, 5350-
Cu mesh 200 Vs, 5354.
NO;5~ RHE
0.5M 0.0699 mmol i )
Cw0 Ar- | Na,SO, cm2h '@ — 1.2 Applied Catalysis B:
89.54 Environmental, 2022,
40 + 200 ppm V vs. 305. 121021,
NO;~ Ag/AgCl ’
1 M KOH 30mg cm?h’! .
CuFe-450 |+100mM | @-08Vyvs. |90.6 Chem Catalysis, 2022,
HNO; RHE
650 mmol g!
Cu-NBs. 1 M KOH cath! Energy Environ. Sci.,
100 +0.1 M @ -0.15 V vs. 95 2021, 14,
KNO; RHE 4989-4997.
I MKOH 23mg cm*h! Energy Environ. Sci.
R-NiCu-OH [ +0.1 M @ —0.1 V vs. 72 2022, 15. 3004 ’
KNO; RHE ) 2 ST
0.1 1.27 mmol h™! 93%
Rh@Cu- Na,SO; (pH | cm™ at—0.2V vs Angew. Chem. Int. Ed.
0.6% 11.5)+0.1M | at—0.4 V vs. RHE' "12022, 61, €202202556.
KNO, RHE
1 M KOH 455 mg h'!
NiO/Cu/CF | +0.1 M cm @ —03 V|97 This work
KNO; vs. RHE
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