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Supporting Information

Experimental Section

Determination of NH3: The indophenol blue colorimetric method was used to determine 

NH3 concentration in the electrolyte after reduction (the ultimate solution was diluted 20 

times, 50 times, 100 times according to the actual situation). Specifically, it is necessary 

in this process to mix these solutions including 2 mL diluted electrolyte, 1 mL 0.05 M 

NaClO, 0.2 mL sodium nitroprusside (1 wt%) and 2 mL of 1 M NaOH coloring solution 

containing 5% salicylic acid and 5% sodium citrate. Relevant UV-vis absorption spectra 

of mixed solutions were obtained after being placed in darkness for 2h, using the 

absorbance at 655 nm to identify NH3 concentration. The concentration-absorbance curve 

was calibrated using the standard NH4Cl solution with NH3 concentrations of 0.25, 0.5, 

1.0, 2.5, 5.0 ppm in 0.1 M NaOH solution. Decent linear relation of absorbance value 

with NH3 concentration is shown in the fitting curve (y =0.21 x − 0.079, R2=0.999).

Determination of N2H4: The Watt and Chrisp method is used to estimate N2H4 

production. In short, it is necessary to mix 5 mL solution required detection and 5 mL 

color reagent from the mixed solution containing 5.99 g C9H11NO, 30 mL HCl and 300 

mL ethanol. The absorbance of the solution was detected at 455 nm after stirring at room 

temperature for 10 min. Excellent linear relation of absorbance value with N2H4 

concentration is shown in the fitting curve (y = 0.563x + 0.014, R2 = 0.999).

Calculations of NH3 yield and FE: The NH3 yield was calculated according to the 

following equation: R NH3 = (mNH3)/(t × S), where mNH3 signifies the total mass of NH3, t 

represents the reaction duration, and S is the immersed area of the sample. Faradaic 

efficiency (FE) was calculated according to the equation: FE = 6F×nNH3/Q, where F 

means the Faraday constant and Q is the total quantity of applied electricity.
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Fig. S1. SEM images of (a) Co3O4/NiFe LDH-20 and (b) Co3O4/NiFe LDH-60.

Fig. S2. SAED pattern of Co3O4/NiFe LDH-40.
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Fig. S3. O 1s XPS spectrum of Co3O4/NiFe LDH-40.

Fig. S4. (a) UV–vis absorption spectra and (b) corresponding calibration curve for 

calculation of NH4
+ concentration.
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Fig. S5. (a) UV–vis absorption spectra and (b) corresponding calibration curve for 

calculation of N2H4 concentration.

 Fig. S6. (a) LSV curves of various catalysts, (b) amplified LSV curves of the comparison 

samples in NO2
--containing and NO2

--free 0.1 M NaOH (The dotted line represents the 

condition in NO2
--containing 0.1 M NaOH, solid line represents the condition in NO2

--

free 0.1 M NaOH). 
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Fig. S7. Chronoamperometry curves of (a) Co3O4/NiFe LDH-40 at different applied 

potentials and (b) Co3O4/NF, NiFe LDH/NF, Co3O4/NiFe LDH-20, Co3O4/NiFe LDH-

60 and NF at -0.5 V. (c) UV–vis absorption spectra of NH3 for Co3O4/NF, NiFe 

LDH/NF, Co3O4/NiFe LDH-20, Co3O4/NiFe LDH-60 and NF at -0.5 V.
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Fig. S8. UV–vis absorption spectra of N2H4 for Co3O4/NiFe LDH-40 at different 

potentials.

Fig. S9. UV–vis absorption spectra of NH3 of Co3O4/NiFe LDH-40 during electrolysis. 

(The electrolyte from the cycle 1 is diluted 20 times, the electrolyte from the cycle 2 to 

the cycle 4 is diluted 50 times, and the electrolyte from the cycle 5 is diluted 100 times)
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Fig. S10. XRD pattern of Co3O4/NiFe LDH-40, Co3O4/NiFe LDH-40 after OER and 

Co3O4/NiFe LDH-40 after NO2
-RR
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Fig. S11. (a) Co 2p, (b) Ni 2p, (c) Fe 2p and (d) O 1s XPS spectrum of Co3O4/NiFe 

LDH-40 after NO2
-RR durability test.

F

ig. S12. (a)TEM, (b-g) corresponding elemental mapping images of Co3O4/NiFe LDH-

40 after NO2
-RR test.
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Fig. S13. Cyclic voltammetry curves of different catalysts tested at various scan rates 

ranging from 10 to 80 mV s–1.

Fig. S14. Polarization curves of different catalysts based on ECSA.
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Fig. S15. Polarization curves of different catalysts based on geometric area without iR 

corrections.

Fig. S16. (a)TEM, (b-g) corresponding elemental mapping images of Co3O4/NiFe LDH-

40 after OER test.
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Fig. S17. (a) Co 2p, (b) Ni 2p, (c) Fe 2p and (d) O 1s XPS spectrum of Co3O4/NiFe 

LDH-40 after OER test.

Fig. S18. SEM images of (a) non-core-shell Co3O4/NiFe LDH, (b) non-core-shell 

Co3O4/NiFe LDH after NO2
-RR and (c)non-core-shell Co3O4/NiFe LDH after OER. (d) 

LSV curves of the samples in NO2
--containing and NO2

--free 0.1 M NaOH (The dotted 

line represents the condition in NO2
--containing 0.1 M NaOH, solid line represents the 

condition in NO2
--free 0.1 M NaOH). (e) i-t curve and (f) UV–vis absorption spectrum of 
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non-core-shell Co3O4/NiFe LDH at -0.5V. (g) comparison of NO2
-RR performance in 1 

(non-core-shell Co3O4/NiFe LDH), 2 (Co3O4/NiFe LDH-40). (h) OER performance 

comparison in samples.

Fig. S19. Long-term stability of Co3O4/NiFe LDH-40 at OER||NO2
−RR system.
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Table S1. Comparison of NH3 yield and FE of Co3O4/NiFe LDH-40 with other reported 

advanced electrocatalysts for nitrate reduction to produce ammonia.

Catalyst Electrolyte NH3 yield

(mg h-1 cm-2)

FE 

(%)

Potential

(V vs. RHE)

Ref.

Co3O4/NiFe LDH-

40

0.1 M OH−+0.1 

M NO2
−

4.27 96.53 −0.5 This 

work

Pd-doped TiO2 1 M LiCl + 0.25 

M LiNO3
−

1.12 92.1 −0.7 1

Ni-NSA-VNi 0.2 M Na2SO4 + 

200 ppm NO2
−

4.011 96.1 −0.54 2

Cu3P NA/CF 0.1 M PBS + 0.1 

M NO2
−

1.626 91.2 −0.5 3

CoB nanoarray 0.2 M Na2SO4 + 

400 ppm NO2
−

3.962 95.2 −0.7 4

Ag@NiO/CC 0.1 M OH-+0.1 

M NO2
-

2.295 75.8 −0.4 5

MoFe protein 0.25 M HEPES + 

0.05 M NO2
−

3.978 ~100 −0.57 V 6

Ni2P nanosheet 0.1 M PBS + 200 

ppm NO2
−

2.69 87 −0.3 7

Table S2. Comparison of the OER performance for Co3O4/NiFe LDH-40 with other 

reported OER electrocatalysts in 1 M alkaline electrolyte.

Catalyst η100 ( mV ) η10( mV ) Tafel Slope

(mV dec-1)

Reference

Co3O4/NiFe LDH-40 280 234 48.4 This work

Co3O4/NF 370 309 95.04 This work

NiFe LDH/NF 310 249 213.08 This work

NiFeRu–LDHs / 225 31 8
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Li+- NiFe LDH 224 154 47.9 9

Ni3S2-NiFe LDHs/NF / 205  35.6 10

B,N-GQDs/NiFe 

LDH

251 / 34 11

MIM-CoFe LDH 291.3 216.8 58.5 12

CoxFeyO-N 350 304 52.7 13

CoO/CeO2 / 291 84 14
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