Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2021

Supporting Information

Copper confined in vesicle-like BCN cavity promotes electrochemical reduction of nitrate to
ammonia in water

Xue Zhao®*, Guangzhi Hub*, Fang Tan®, Shusheng Zhang®, Xinzhong Wang9, Xun Hu¢, Artem V.
Kuklinfe, Glib V. Baryshnikov*, Hans Agreng, Xiaohai Zhou? and Haibo Zhang?®*

@ College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072, China.

b Institute for Ecological Research and Pollution Control of Plateau Lakes, School of Ecology and Environmental
Science, Yunnan University, Kunming 650504, China

¢ College of Chemistry and Molecular Engineering, Zhengzhou University, Zhengzhou 450000, China.

4 Shenzhen Institute of Information Technology, Shenzhen 518172, China.

¢ School of Materials Science and Engineering, University of Jinan, Jinan, 250022, China

f International Research Center of Spectroscopy and Quantum Chemistry (IRC SQC), Siberian Federal University,
79 Svobodny pr., 660041 Krasnoyarsk, Russia

g Department of Physics and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala, Sweden

h Laboratory of Organic Electronics, ITN, Linkdping University, 601 74 Norrkoping, Sweden

* Corresponding authors

osuangzhihu@ynu.edu.cn; ORCID: 0000-0003-0324-2788

glib.baryshnikov@liu.se; ORCID: 0000-0002-0716-3385

haibozhang@whu.edu.cn; ORCID: 0000-0001-5965-5069



mailto:guangzhihu@ynu.edu.cn
mailto:glib.baryshnikov@liu.se
mailto:haibozhang@whu.edu.cn

Quantity adsorbed (cm®/g STP)

360

3
340 1 M
g9
0°°°38833
g900°?
320 - -
S,sl
&
300 o
/
280 - :
BET surface area: 999.9822 m‘/g
Langmuir surface area: 1473.1573 m’/g
2604 @
I 1 I I I
0.0 0.2 0.4 0.6 0.8 1.0

Relative pressure (P/P )

Figure S1. Nitrogen adsorption and desorption curve of BCN@Cu



Figure S2. Energy dispersive spectroscopy (EDS) of BCN



Figure S3. a-b) TEM images of CN@Cu; ¢) HRTEM image of CN@Cu; d-h) HAADF image of CN@Cu and
corresponding element mapping



Figure S4. a-b) TEM images of BCN; d-f) Element mapping B, C, and N element in BCN



Intensity (a.u.)

(111)

(200)
220 =
CN@Cu L l (l) o)
BCN
Cu JCPDS: 01-1241 I | '
10 200 30 40 50 6@ 70 B0
2-Theta (0)

Figure S5. PXRD patterns of CN@Cu and BCN
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Figure S6. XPS spectrum (Cu binding energy region) of CN@Cu



Table S1. Crystal data and structure refinement for M-BOPs-2.

Identification code 3

Empirical formula C,6H33B1,CuNgO
Formula weight 551.80
Temperature/K 150.00(10)
Crystal system monoclinic
Space group P2,/c

a/A 12.56466(18)
b/A 12.78559(15)
c/A 18.7204(3)
a/° 90

pB/e 107.7291(16)
y/° 90
Volume/A3 2864.53(7)

V4 4

Pealcg/cm’ 1.279
wmm-! 1.273

F(000) 1148.0

Crystal size/mm?

0.17 x0.16 x 0.15

Radiation

CuKa (L = 1.54184)

20 range for data collection/°

7.386 to 132.018

Index ranges

-12<h<14,-15<k<10,-19<1<22

Reflections collected

8478

Independent reflections

4952 [Riy = 0.0420, Rygma = 0.0489]

Data/restraints/parameters

4952/78/405

Goodness-of-fit on F?

1.059

Final R indexes [[>=2c (I)]

R;=10.0463, wR, = 0.1257

Final R indexes [all data]

R; =0.0494, wR, = 0.1299

Largest diff. peak/hole / ¢ A3

0.47/-0.71
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Figure S7. a) When BCN@Cu as a working electrode catalyzes the reduction of NO;  to NH; in 0.1 M KOH
electrolyte, the yield rate and Faraday efficiency of NO;7; b) When BCN@Cu as a working electrode catalyzes the
reduction of NO;™ to NH; in 0.1 M KOH electrolyte, the yield rate and Faraday efficiency of N,H,4

10



0.4

0.3 1
@ o224
c
@®
o]
S 0.1-
g 2
0
<
0.0
—— Blank control
— Colorimetric UV-vis spectrum of electrolyte diluted
0.1 40 times after 20 h of potentiostatic polarization
T I I I I I

I I
550 575 600 625 650 675 700 725 750
Wavelength (nm)

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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PXRD of BCN@Cu after catalyzing NIRR
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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
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.
Using 0.1 M KOH without NO;- 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.
Carbon paper (CP) was alternate soaked for several times with a large amount of 0.1 M HCI 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.
The catalyst was washed with a large amount of 0.1 M HCI 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.
The nafion proton exchange membrane treated with H,O,, H,SOy4, 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.
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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) NaNO,; ¢) N,Hy; d) KNO;
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