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Figure S1. Nitrogen adsorption and desorption curve of BCN@Cu
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Figure S2. Energy dispersive spectroscopy (EDS) of BCN
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Figure S3. a-b) TEM images of CN@Cu; c) HRTEM image of CN@Cu; d-h) HAADF image of CN@Cu and 
corresponding element mapping
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Figure S4. a-b) TEM images of BCN; d-f) Element mapping B, C, and N element in BCN
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Figure S5. PXRD patterns of CN@Cu and BCN
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Figure S6. XPS spectrum (Cu binding energy region) of CN@Cu
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Table S1. Crystal data and structure refinement for M-BOPs-2.
Identification code 3 
Empirical formula C16H38B12CuN8O 
Formula weight 551.80 
Temperature/K 150.00(10) 
Crystal system monoclinic 
Space group P21/c 
a/Å 12.56466(18) 
b/Å 12.78559(15) 
c/Å 18.7204(3) 
α/° 90 
β/° 107.7291(16) 
γ/° 90 
Volume/Å3 2864.53(7) 
Z 4 
ρcalcg/cm3 1.279 
μ/mm-1 1.273 
F(000) 1148.0 
Crystal size/mm3 0.17 × 0.16 × 0.15 
Radiation CuKα (λ = 1.54184) 
2Θ range for data collection/° 7.386 to 132.018 
Index ranges -12 ≤ h ≤ 14, -15 ≤ k ≤ 10, -19 ≤ l ≤ 22 
Reflections collected 8478 
Independent reflections 4952 [Rint = 0.0420, Rsigma = 0.0489] 
Data/restraints/parameters 4952/78/405 
Goodness-of-fit on F2 1.059 
Final R indexes [I>=2σ (I)] R1 = 0.0463, wR2 = 0.1257 
Final R indexes [all data] R1 = 0.0494, wR2 = 0.1299 
Largest diff. peak/hole / e Å-3 0.47/-0.71 
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Table S2. Comparison of the electrocatalytic ammonia production activity of some recently reported 
catalysts and BCN@Cu

Entry Catalyst Electrolyte
Potential 
(vs RHE)

FE (%)
Mass activity
μg h-1 mgcat.

-1

Area activity
μg h-1 cm-2 Ref.

1 Cu nanosheets 0.1 M KOH -0.15 V 99.70 390.1 390.1 1

2 Bi nanosheets 0.1 M Na2SO4 -0.8 V 10.46 13.23 2.54 2

3 Bi nanoplates 0.2 M Na2SO4 -0.6 V 11.68 5.453 - 3

4 VN Nafion -0.1 V 6 - 20.2 4

5 CoS2/NS-G 0.05 M H2SO4 -0.2 V 7 25 - 5

6 B4C 0.1 M HCl -0.75 V 15.95 26.57 - 6

7 Pd/C 0.1 M PBS 0.1 V 8.20 4.5 - 7

8 B-graphene 0.05 M H2SO4 -0.5 V 10.80 - 9.8 8

9 Ti3C2Tx - -0.2 V 5.78 - 0.26 9

10 Polyimide/C Li+/H+ -0.4 V 2.91 - 0.47 10

11 Black P 0.01 M HCl -0.6 V 5.07 31.37 - 11

12 Bi4V2O11/CeO2 0.1 M HCl -0.2 V 10.16 23.21 - 12

13 PdCu/rGO 0.1 M KOH -0.2 V 0.70 2.8 - 13

14 SA-Mo/NPC 0.1 M KOH -0.3 V 14.60 34 - 14

15 VN 0.1 M HCl -0.3 V 3.58 - 15.18 15

16 Rh nanosheets 0.1 M KOH -0.2 V 0.22 23.88 - 16

17 Iron Oxide 0.1 M KOH -0.9 V 6.04 - 0.46 17

18 Au 0.5 M LiClO4 -0.5 V 15 - 3.9 18

19 Ru nanoclusters 1 M KOH -0.2 V 100 94520 19890 19

20 PTCDA/O-Cu 0.1 M PBS -0.4 V 85.9 1411 436 20

21 BCN@Cu 0.1 M KOH -0.1 V 56.441 153.5 122.8

22 BCN@Cu 0.1 M KOH -0.2 V 71.282 1427.2 1141.8

23 BCN@Cu 0.1 M KOH -0.3 V 91.146 4609.1 3687.3

24 BCN@Cu 0.1 M KOH -0.4 V 87.522 6031.9 4825.5

25 BCN@Cu 0.1 M KOH -0.5 V 59.826 7404.7 5923.7

26 BCN@Cu 0.1 M KOH -0.6 V 31.321 9794.8 7835.8

This 

work
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Figure S7. a) When BCN@Cu as a working electrode catalyzes the reduction of NO3
- to NH3 in 0.1 M KOH 

electrolyte, the yield rate and Faraday efficiency of NO2
-; b) When BCN@Cu as a working electrode catalyzes the 

reduction of NO3
- to NH3 in 0.1 M KOH electrolyte, the yield rate and Faraday efficiency of N2H4
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Figure S8. UV-vis spectra of electrolyte (after indophenol blue colorimetry) after 20 h constant potential (at -0.4 V 
vs RHE) electrolysis
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Figure S9. SEM image of BCN@Cu after reused
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Figure S10. TEM image of BCN@Cu after reused
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Figure S11. XPS of Cu in BCN@Cu after reused
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Figure S12. PXRD of BCN@Cu after reused.

Note

The BCN@Cu after used was enriched according to the following method to collect its PXRD signal:

1) Carry out 50 CA experiments under -0.4 V vs RHE potential, and then the catalyst on 20 pieces 

of carbon paper was ultrasonic dispersed into 2 mL ultra-pure water; 

2) 2) Drop the catalyst dispersion liquid onto the platform used to collect XRD (a circular black spot 

with a diameter of about 1 cm is formed), and the PXRD signal was collected after natural air 

drying.
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Figure S13. Selected area electron diffraction (SAED) pattern of BCN@Cu
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Figure S14. There are a large number of lattice defects (cracks) in the vesicle-like BCN shell covering Cu 
nanoparticle.
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Pre-elimination procedures for extraneous ammonia pollution

(1) The entire electrolyzer (without CP and catalyst) was tested at an open circuit potential for 2 h to determine if 

ammonia was introduced during the production of the device, and the device without ammonia contamination 

was washed with ultrapure water at least five times before each use.

(2) Using 0.1 M KOH without NO3
- as the electrolyte, BCN@Cu coated on carbon paper as the working electrode, 

and high-purity Ar gas as the filling gas, electrolysis was carried out at an applied potential of 1 V for 2 h. No 

ammonia signal was detected in the electrolyte.

(3) Carbon paper (CP) was alternate soaked for several times with a large amount of 0.1 M HCl and 0.1 M KOH 

until the presence of ammonia could not be detected in the last soaking solution by indophenol blue 

colorimetry, and then it was electrolyzed for 2 h at the open circuit voltage (Ar filling) until no ammonia colud 

be detected in the electrolyte, which was used for catalyst load after continuous vacuum drying.

(4) The catalyst was washed with a large amount of 0.1 M HCl and 0.1 M KOH for several times in advance, until 

the presence of ammonia could not be detected in the washing solution, so as to prevent the interference of raw 

materials not completely removed in the preparation process.

(5) The nafion proton exchange membrane treated with H2O2, H2SO4, and ultrapure water was washing with a 

large amount of ultrapure water and electrolyzed at an open circuit voltage for 2 h (under Ar flow). The above 

two processes were alternated until it was difficult to detect ammonia.

Figure S15. a) UV-vis spectrum of the solution produced by each pretreatment procedure (using indophenol blue 
colorimetry); b) Ammonia concentration calculated by UV-vis spectrum
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Figure S16. Standard curves based on concentration-absorbance. a) NH4Cl; b) NaNO2; c) N2H4; d) KNO3
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