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Supplementary Figure 1. TEM images of Co-CN.
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Supplementary Figure 2. SEM image of Co-CNP and its energy-dispersive
spectroscopy (EDS): C (red), P (blue), N (green), and Co (purple)
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Supplementary Figure 3. XRD patterns of Co-CN and Co-CNP.
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Supplementary Figure 4. Deconvoluted XPS spectrum of (a) C 1s and (b) Co 2p in Co-
CNP, (c)the C K-edge XANES results of Co-CNP
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Supplementary Figure 5. Deconvoluted XPS spectra of (a) Co 2p, (b) C 1s, and (c) N 1s
in Co-CN SAC with a high resolution.
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Supplementary Figure 6. FTIR spectra of the CoP1N3 and CoN4 samples.
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Supplementary Figure 7. UV-vis spectra of the Co-CNP samples.
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Supplementary Figure 8. N2>-sorption and the corresponding pore size distributions in the
(a) Co-CN, (b) Co-CNP samples.
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Supplementary Figure 9. (a) 1H NMR spectra (800 MHz) of standard ('*NH4)2SO4
samples with different concentrations. (b) linear fitting of the integral area ratio
("®N—-"°NH4*/C4H404) and >N-"5NH4* concentration.



0.4

031 (a) 04{ (b)
< 024 o
g :
< 0.1- $ 02;
< g
g " £ 0.0
(<3 c e
8 01 S
g _ z R
g-O.Z- 25 mVis g 25 mVI/s
3 03 ——5.0 mV/s 5 -0.2+ ——50 mVis
' —75 mvis | © ——75 mVis
-0.4+ —— 100 mVis ——100mVis
— 125 mV/s -0.4 4 ——12.5 mVIs
-0.5-
065 060  -055  -050  -045  -040 065 060 055 050 045 040
Potential (V) Potential (V)
0.45
0.30
() vl (d)
- < 0.354
025 =
§ go.so-
£ 0.20- =
= < 0.25+
N o
kna o '_"( o
7 0.15 =020
=
0.15-
0.10 4
° 0.10-
0.05 +—————————————————r——1  0.05 =TT
2 3 4 5 6 7 8 9 10 11 12 13 2 3 4 5 6 7 8 9 10 11 12 13
Scan rate (mV/s) Scan rate (mV/s)

Supplementary Figure 10. The CV curves of Co-CN (a) and Co-CNP (b) at different scan
rates in the non-Faradaic region; The capacitive current differences of (Jo — Jg)/2 as a
function of rates in for Co-CN (c) and Co-CNP (d).
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Supplementary Figure 11. (a) The LSV curves with different sweep rates for Co-CN at
nitrates solution (a) and Co-CNP at nitrite solution (b).
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Supplementary Figure 12. Cycle Faradaic efficiency for NH4* production and NH4*-yield
on Co-CNP SACs.
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Supplementary Figure 13. CV results for Co-CNP with different cycle durations.



Supplementary Figure 14. The adsorption models on an ideal CoP1Ns3 site



Supplementary Figure 15. The side-view of nitrate adsorption model on an ideal

CoP1Ns3 site



Table S1. EXAFS fitting parameters for various samples.

Sample Shell CN-? R[A] ® 0%(1073)¢  Rfactord

Co-CN Cu-N 4.1 1.92 6.3 0.009
Co-N 3.2 1.94 5.1

Co-CNP 0.018
Co-P 0.9 2.21 5.1

a CN is the coordination number, R is the average bonding distance, ¢ g2 is Debye—Waller

factor and ¢ R factor represents the fitting quality.



Table S2. Physical and chemical properties of samples.

Sample Sget (M?/g) Vmeso? (CC/Q) dmeso? (NM) ECSA (cm?)
Co-CN 18.0 0.07 36.7 0.49
Co-CNP 35.4 0.12 24.2 0.79

@ Mesopore volume and diameter were obtained from the N2-desorption branch using the
BJH method.



Table S3. Comparison of nitrate reduction in this study with previous reports.

No Cathod Cathode Anode Solution NHa*- NH4*-Yield rate Ref.
e Area conditions Faradaic
(cm?) efficienc
y (%)
1 Fe-PPy 0.25 - 0.1 M KOH + 100 2.75 mgnuz-h™'-cm-? 1
0.1 M KNO3
2 Cu/Cuz 1 platinum 0.5 M NazSOs4 95.8 - 2
(0] foil 200 ppm
nitrate-N
3 Fe SAC 2 platinum 0.1 M K2SOa4 75 0.46 mmol-h~t-cm= 3
foil and 0.5 M
KNO3
4 TiO2-x 1 platinum 0.5 M Na2SOa4 85 - 4
nanotub foil +50 ppm
e NOs™—-N
5 Cu- 2 Platinum PBS (0.1 M, 85.9 436 +85ug-h™-cm- 5
PTCDA foil pH=7) 500 2
ppm of NO3~
6 Au/C - Pt wire 1 mM KNO3 + 26 (4.4 £0.7) x 102 6
0.5 M K2S04 pmol-s~t-cm™
(initial pH 3.5)
7 Ti foil 0.3 glassy 0.1 MHNOs3 + 82 - 7
carbon 0.3 M KNO3
plate
8 NiAIMn 2 Pt plate 05M 92.2 - 8
CoCu KOH+0.05 M
alloy KNOs
9 Co-CNP 2.25 Ti/lrO2— 0.02 M 92.0 433.3 pgnhath This
Ru Na2S04 T-em™2, Work
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