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Determination of ion concentration’

Determination of NO;-N: First, part of electrolyte after nitrate electroreduction process is taken out
from the cathode. The electrolyte was diluted to keep the NO5-N within the detection range. Then, 1
M HCI (100 pL) and 0.8 wt% (10 pL) sulfamic acid were added into the diluted electrolyte (5 mL),
and the mixture is placed for 10 min before using. UV-Vis spectrophotometry was employed to
determine the absorbance of the mixture from 200 nm to 300 nm. Based on the equation of A =
Aronm - 2A2750ms the final absorbance was obtained. The concentration-absorbance curve was
calibrated using different concentrations of KNO;.

Determination of NO,-N: The color reagent was prepared by dissolving 0.8 g p-
aminobenzenesulfonamide, 0.04g N-(1-Naphthyl) ethylenediamine dihydrochloride and 2 mL
phosphoric acid (p=1.70 g/mL) in 10 mL deionized water. Specifically, 0.1 mL of color reagent was
added into electrolyte which diluted to detection range. After 20 min, the absorbance value at a
wavelength of 540 nm can be determined by the UV-Vis spectrophotometry. The absorbance of
NaNO, was determined at different concentrations to obtain the concentration-absorbance curve.
Determination of NH3(NH,*)-N: The concentrations of ammonia can be quantified using Nessler’s
reagent. Thus, 0.1 mL of 0.5 g/L. sodium potassium tartrate solution and 0.1 mL of Nessler's reagent
mixed into the electrolyte which was diluted to detection range. After standing for 20 minutes, the
wavelength of 420 nm was measured using UV-vis spectrophotometry to reveal the absorbance of
NH4"-N. The concentration-absorbance curve was obtained by determining the different
concentrations of standard NH4Cl solutions.

I5SN Isotope Labeling Experiments:

Isotope labelling experiments were performed using K'NOs-!15N as a nitrogen source to replace
K!NOs-!N, for determining the source of ammonia. The pH of the electrolyte was adjusted to a
weak acid by adding 4 M H,SO,. For preparation of calibration curve, different concentration of
ISNH4*-1°N solutions (50, 100, 150, 200, 250 mg L!) and 50 mg L-! maleic acid were added in 0.5 M
K,SO,. The D,O was added aforementioned mixture for the NMR detection. On account of "NH,*-
ISN concentration and the area ratio were positively correlated, the calibration curve can be obtained

by using the peak area ratio between '"’NH,*-1°N and maleic acid.
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Calculation of the conversion rate, yield, selectivity, and Faradaic efficiency
The calculation of all values is provided by the absorbance measured by the UV-Vis
spectrophotometer.

The conversation of NOs3~ was calculate using Eq. S1:

NO; Conversion=AC, /C,;*x100% (Eq. S1)

The selective of NH;3 was calculate using Eq. S2:

NH; Selectivity=C,,, /AC, _x100% (Eq. S2)

The selective of NO,~ was calculate using Eq. S3:

NO; Selectivity=C,  /AC,  x100% (Eq. S3)

The yield of NH; was calculate using Eq. S4:

Yieldyy, =(Cyy, xV)/ (M, xtxS) (Eq. S4)

The Faradaic efficiency was calculate using Eq. S5:

Faradaic efficiency=(8F x Cy,, xV)/ (M, xQ)*x100% (Eq. S5)

where Cypys is the concentration of NHj3g), Croo 1 the concentration of NOs-(,q), ACyps. 1s the
concentration difference of NO;™ before and after electrolysis, Cy is the initial concentration of NOj,
V' is the electrolyte volume, Myy; is the molar mass of NHj, ¢ is the electrolysis time, S is the area of

catalyst, F is the Faradaic constant (96485 C mol-!), O is the total charge passing the electrode.
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Fig. S2 SEM images of (a) MnO; nanosheets and (b) CuO/CF.

Fig. S3 Schematic illustration showing the electrocatalytic system for nitration reduction to ammonia.
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Fig. S4 (a) UV—vis absorption spectroscopy for various concentrations of NO;3-N. (b) Calibration

curve used to estimate the concentrations of NO5-N.
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Fig. S5 (a) UV—vis absorption spectroscopy for various concentrations of NO,-N. (b) Calibration

curve used to estimate the concentrations of NO,-N.
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Fig. S6 (a) UV—vis absorption spectroscopy for various concentrations of NHj3-N. (b) Calibration

curve used to estimate the concentrations of NH;-N.
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Fig. S7 (a) NO5-N conversition and (b) NH;-N selectivity on the CuO@MnO,/CF with various NOj;

-N concentrations.

Fig. S8 (a) SEM image of the CuO@MnO,/CF after stability testing. (b) TEM image of the
CuO@MnO; nanowires obtained from CuO@MnO,/CF after stability testing.
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Fig. S9 (a) XRD pattern and (b) Cu 2p XPS spectrum for CuO@MnO, nanowires after nitrate

electroreduction testing.
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Fig. S10 Time-depended concentrations of NO5-N, NO,-N and NH;-N on the CuO@MnO,/CF at -
1.3 V (vs. SCE).
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Fig. S11 Ammonia yield rate over the CuO@MnO,/CF in K,SO, electrolyte with and without nitrate.
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Fig. S12 (a) The 'H NMR spectra of 'NH,* with different S'NH4*-'SN concentration. (b) The

standard curve of integral area ('S'NH4*-1N / C4;H404) against "'NH,*-!°N concentration.
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Fig. S13 CV curves at various scan rates for (a) CuO@MnO,/CF, (b) CuO/CF, and (c) Cu(OH),/CF.

(d) Capacitive current densities of the different samples.
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Fig. S14 EIS spectra of the CuO@MnO,/CF, CuO/CF, and MnO,/CF at -1.3 V vs. SCE.
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CuO@MnO,/CF and some other reported electrocatalysts.

Table S1 The electrochemical nitrate reduction performance comparison

between the

Electrocatalysts Electrolytes Performance Ref.
arnmse 0.240 mmol h! cm2
0.5 M K,SO,, bSnn3: 96.67 % )
CuO@MnO,/CF This work
200 mg L' NO;-N ‘FExn3: 94.92 %
(-1.3 Vs. SCE, 2 h)
. 0.1 M Nast4 SNH3: 73 %
Co0304-Ti0,- PVP 2
0.1 M NaNO; (10 mA cm?)
Sxms: 85 %
, 0.1 MKOH, N oo
T102_x FENH3: 87.1% 3
10 mM KNO; (~1.6 V vs. SCE, 2 h)
Cu/rGO/ graphite
0.02 M NaCl, Sxhs: 29.93% 4
0.02 M NaNO; (-1.4 V vs. SCE, 3 h)
plate(GP)
0.1 M PBS. I'nms: 436185 pg h™! cm™2
Cu-PTCDA FEN].[_?,: 77 +3% 5
500 ppm KNO;
(—0.4 V vs. RHE, 2 h)
0.01 M NaClO Sxhs: 69
Pd-Cu/SS NN e 6% 6
0.6 mM NaNO; (-0.2 Vvs. SCE, 3 h)
0.1 M HCIO FEnns: 84.79
Ir NTs ) st 84.7% 7
1 M NO;-N (-0.06 V vs. SCE)
0.05 M Na,SO,, Snms: ~ 70%
Co30,/Ti 2> - 0 8
100 ppm NO;-N (10 mA cm?2, 3 h)
0.5 M K,SO,, Snhs: 76%
Cu@Cu,.,0 NWs 2> NH3s TR0 9
50 mg L-1 NOs™-N (-1.2 Vvs. SCE, 2 h)
0.5 M K,SO,, Snhs: 76%
CuPd aerogels N i ° 10
50 ug mL-1 NOy-N (~0.46 V vs. RHE, 2 h)
Sns: 5%
100 mg L-1 NO;-N N3 =7
CuPd@DCLMCS/CNTs FEnns: 36% 11
0.1 M Nast4
(—1.35 V vs. RHE, 24 h)
Sni3:44%
100 mg L-1 NO;-N, N3O
FEnns: 54.5% 12

CUO-CO304/Ti

0.05M Nast4

(20 mA cm?, 3 h)

aryu3: ammonia yield rate; PSyys. ammonia selectivity; “FEyy3: ammonia faradaic efficiency
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