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Figure S1. Chronoamperometric i-f curves of Fe,O;, LR-Fe,0;, and HR-Fe,0; electrodes at NO,RR applied potential of -1.0 V vs

RHE. HR-Fe,0; maintains the highest partial current density for NH4* production of ~ 90.3 mA cm among all samples at NO,RR
applied potential of -1.0 V vs RHE, followed by LR-Fe,Os (~ 80 mA cm2), and lastly, pristine Fe,03 (~ 66 mA cm2).
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Figure S2. NO,RR-to-NH,* production performances of Fe,O;, HR-Fe,O;, and HRR-Fe,O; electrodes across an applied potential
range of -1.4 to -0.4 V vs RHE: (a) NH,* production rate and (b) Faradaic efficiency (FExus+). The HRR-Fe,0; catalyst exhibits
essentially identical performance to the HR-Fe,0; electrode, showing overlapping trends in both NH,*" production rate and FEyys+
across the applied potentials from -0.4 to 1.4 V vs RHE, with only minor differences within experimental error.
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Figure S3. Comparison of NH,* and H, production rates of Fe,O;, LR-Fe,05, and HR-Fe,0; electrodes at NO,RR applied potential
of -1.0 V vs RHE. HR-Fe,Oj; generates the least amount of H, (22 nmol s*! em2), followed by LR-Fe,O; (25 nmol s cm?), with
pristine Fe,03 producing the most (28 nmol s*!' cm2).
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Figure S4. Polarization curves of Fe,03, LR-Fe,03, and HR-Fe,0; electrodes at scan rate of 5 mV s in electrolyte condition of (a)
0.1 M KOH, (b) 0.1 M KOH + 0.1 M KNOs, and (¢) 0.1 M KOH + 0.1 M KNO,. These polarization curves indicate that both LR-

Fe,0; and HR-Fe,0; exhibit slight improvements in total current densities (j) compared to pristine Fe,O; across tested potentials in

all types of electrolytes. For instance, at -1.0 V vs RHE in 0.1 M KOH + 0.1 M KNO, electrolyte, the j achieved by pristine Fe,O3

is -60.1 mA c¢m?, while LR-Fe,03; and HR-Fe,O3 show improvements of ~ 16% (-69.9 mA c¢cm2) and ~ 22% (-73.0 mA cm2),

respectively. Similarly, in the electrolytes of 0.1 M KOH only and 0.1 M KOH + 0.1 M KNO;, at-1.0 V vs RHE, HR-Fe,O; achieves

the highest j of ~ -38.2 and -70.7 mA cm, representing improvements of ~ 15% and 13% over pristine Fe,O; (-33.1 and -62.8 mA

cm?, respectively). LR-Fe,O; shows modest improvements of ~ 10% (~ -36.4 mA cm?) and ~ 6.8% (-67.1 mA cm?) in the same

electrolytes. These results suggest that post-conditioned Fe,O; catalysts exhibit slightly enhanced intrinsic activity overall.



&
S .
(a,i) 5250 Fe,O, B or| (@) 00 Fe,O B NO,RR
NO,RR NO,RR
200 80 -

Er
=
L

Z
(%)
3

+ Production Rate (nmols™
o o 3
N
< <

T
pd -14 12 10 -08 -06 -04 -14 12 -10 -08 -06 -04
L& Potential (V vs RHE . Potential (V vs RHE)
(b, |) C}IE 250 ( ) (b’ ”) 100 ( NO,RR
5 HR-Fe,0, B NO,RR HR-Fe,0, I NO,
- NO.RR NO;RR
[7)) 3
5 200 4 80 -
g
£ —_
© 150+ X 60+
G T
Dci Z
IS 100 4 E 40
©
3
8 50 - 201
o
T o l— 0-
p 14 12 10 -08 -06 -04 -14 12 10 -08 -06 -04
Potential (V vs RHE) Potential (V vs RHE)

Figure S5. Performance comparison between NO,RR and NO3;RR activity of (a) pristine Fe,0; and (b) HR-Fe,O; electrodes across
an applied potential range of -1.4 to -0.4 V vs RHE: (i) NH4" production rate and (ii) Faradaic efficiency (FEnus+). The results
clearly demonstrate that both electrodes produce greater NH4" and FEyy4+ in NO,RR than in NOsRR, with HR-Fe,0; consistently
outperforming pristine Fe,O; in both reactions. Specifically, for NO,RR, HR-Fe,05 achieves a peak FEyys: of 93% at -1.0 V vs
RHE, with an NH* production rate of ~ 154 nmol s*! cm. This represents a 31% improvement in productivity and 15% increase
in FEnug+ compared to pristine Fe,O; (~ 118 nmol s' em? and 81% at -1.0 V vs RHE). For NOsRR, HR-Fe,0; also outperforms
pristine Fe,03, achieving an NH4" production rate of ~101 nmol s' cm? at -1.0 V vs RHE, corresponding to a 5% improvement
over pristine Fe;O; (~ 96 nmol s7! cm2). However, for FExps+ in NO3RR, both pristine Fe,O3; and HR-Fe,O; exhibit nearly identical
performance across the applied potentials. For example, at -1.0 V vs RHE, HR-Fe,O; achieves a FEyus:+ of 61%, while pristine
Fe,05 achieves 62%. Importantly, the results indicate that the improvements in NH," production are more pronounced in NO,RR
than in NO;RR following the electroreduction conditioning (ERC) treatment. This suggests that the ERC-treated Fe,O; catalysts are
more surface-active for NO,RR than NO;RR, and that ERC treatment yields better performance enhancements in NO,RR.
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Figure S6. The cyclic voltammetry (CV) curves of Fe,03, LR-Fe,03, and HR-Fe,O; electrodes collected under different scan rates
of 100, 200, 300, 400, and 500 mV/s were used for ECSA calculations.
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Figure S7. Double-layer capacitance (CDL) of Fe,O;, LR-Fe,03, and HR-Fe,O5 electrodes, computed from cyclic voltammetry
measurements. These specific capacitance values are used to compute ECSAs of the catalysts as presented in Table S1.
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Figure S8. Curve fittings to the high-resolution X-ray photoelectron spectroscopy (XPS) Fe 2p spectra of (a) Fe,03, (b) LR-Fe,04
and (¢) HR-Fe,Os. The results demonstrate that increasing the (more negative) ERC potential leads to further reduction of Fe species.
Specifically, when the electrode is preconditioned at a low reduction (LR) potential (-1.0 V vs RHE), 19.2% of Fe,O; in LR-Fe,04
is reduced to Fe and FeO, accounting for 2.6% and 16.6%, respectively. At a more negative (high reduction, HR) treatment potential
(-2.0 V vs RHE), HR-Fe,0; experiences a slightly larger portion of Fe,O5 (23.5%) being reduced to Fe and FeO, comprising 2.8%
and 20.7%, respectively. The emergence of these FeO and metallic Fe on the catalyst surface creates FeO/Fe/Fe,O; interfaces,
suggesting the construction of Fe oxide interfaces after ERC treatment.
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Figure S9. Ex situ XANES spectra and in situ XANES spectra of (a) LR-Fe,0; and (b) HR-Fe,0; catalysts collected under
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Figure S10. /n situ powder diffraction (PD) of LR-Fe,03; and HR-Fe,0; catalysts at -1.0 V vs RHE in 0.1 M KOH
with 0.1 M KNO, electrolyte for continuous tests of 30 minutes.
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Figure S11. Curve fittings to the high-resolution XPS O 1s spectra of (a) Fe,0;, (b) LR-Fe,05 and (¢) HR-Fe,Os. The results show
a clear decrease in the proportion of lattice oxygen (peak at ~ 530 eV)! after ERC, which is consistent with the reduction of Fe,0;
evidenced by Fe 2p XPS spectra. Specifically, LR-Fe,O; consists of 39.7% lattice oxygen, while HR-Fe,O3; comprises 34.9%, both
markedly lower than pristine Fe,0; (55.8%). Two other peaks at ~ 531.0 and 532.5 eV are attributed to surface oxygen passivated
with hydrogen and adsorbed oxygen (water), respectively.>® The content of surface oxygen passivated with hydrogen increases from
35.4% in pristine Fe,O5 to 43.5% in LR-Fe,0O5 and further to 47.5% in HR- Fe,O3 Similarly, adsorbed oxygen (water) increases
from 8.8% in pristine Fe,0; to 16.8% in LR-Fe,0; and 17.6% in HR-Fe,0s.
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Figure S12. (a) Normalized X-ray diffraction (XRD) patterns (intensity normalized to the highest peak) of pristine Fe,O3;, LR-
Fe,03, and HR-Fe,03, with (b) excerpt for patterns in diffraction peak range of 30° to 70° as presented in Figure 2b, i. The XRD
patterns show that pristine Fe,O; displays peaks at ~ 33.0, 35.5, 40.7,49.4, 62.3, and 63.9°, corresponding to the (104), (110), (113),
(024), (214), and (300) planes of a-Fe,0;, respectively (JCPDS collection code: 01-080-0597). The post-conditioned electrodes,
LR-Fe,0; and HR-Fe,03, exhibit similar peaks, confirming the retention of the a-Fe,O5 structure. However, a new split from the
(110) peak at ~ 35.0°, is observed to appear in both conditioned samples. This split peak, corresponding to the (101) plane of a-
Fe,03;, indicates a partial phase shift in the crystal structure. The diffraction features at 40-45° and 50-55° are attributed to the
(100)/(101) and (004) planes of graphitic carbon, respectively, originating from the carbon paper substrate (ICDD:01-075-1621).
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Figure S13. Williamson-Hall (WH) plots of (a) pristine Fe,Os, (b) LR-Fe,0;, and (¢) HR-Fe,O3;. The WH plots estimate lattice

strains of 6.0%, 26.3%, and 28.0% for Fe,O;, LR-Fe,0;, and HR-Fe, 03, respectively.



Figure S14. (a) Scanning electron microscopy (SEM) and (b) transmission electron microscopy (TEM) images of (i) pristine Fe,O3,
(ii) LR- Fe,0;, and (iii) HR- Fe,0;. The pristine Fe,O5 catalyst displays morphology with irregular spherical nanoparticles that
agglomerate into large clusters. After ERC, both LR-Fe,O; and HR-Fe,O; present a morphology consisting of a mixture of irregular
spherical and plate-like shaped nanoparticles.
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Figure S15. The SEM images of Fe,03, LR-Fe,0;, and HR-Fe,O3 samples and particle size distributions of the randomly selected
area within the SEM images. Fe,O; primarily consists of nanoparticles with sizes in the range of 60 to 100 nm. LR-Fe,0; exhibits
similar nanoparticle sizes (60 to 100 nm), along with the presence of flake-like aggregates formed by particle assembly. HR-Fe,O3
displays relatively smaller nanoparticles (40 to 70 nm) and also shows more flake-like aggregation than LR-Fe,0;.
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Figure S16. High-resolution TEM (HR-TEM) images of (a) pristine Fe,0O3 and (b) LR- Fe,0s at (i) a magnification of 10 nm, with
(ii) and (iii) showing enlarged views of specific areas indicated in (i). The results show all samples demonstrate lattice spacings of
0.27 and 0.25 nm corresponding to the (104) and (110) planes of a-Fe,0s, respectively.!* Additionally, both LR-Fe,0; display a
lattice spacing of 0.26 nm, which corresponds to the (101) plane of a-Fe,0s.
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Figure S17. In situ FTIR spectra of (a) Fe,O; and (b) LR-Fe,O; at NO,RR applied potential of -1.0 V vs RHE for 15 mins in
electrolyte condition of 0.1 M KOH + 0.1 M KNO,. The results reveal peaks corresponding to various intermediates: NH,OH*
(1215 em!), NOy* (1362 cm™!), NH,* (1563 cm!), NH3* (1767 cm!), NO* (1971 cm!), NH,* (3142 cm™'), and H,O* (3500 cm

1).5—14
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Figure S18. Chronoamperometric i-¢ curves of 15-cycle test (30 mins each cycle) of all electrodes at -1.0 V vs RHE: (a) Fe,03, (b)
LR-Fe,0;, and (¢) HR-Fe,0;. All electrodes demonstrate high NO,RR activity over prolonged periods, confirming their stability.
Among them, HR-Fe,0; catalyst exhibits the highest NO,RR performance, achieving an average NH4" production rate of 153.0
nmol s'! em? and FEnys: of 93%.
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Figure S19. Production of NOy via plasma system at varying (a) electrolyte pH conditions (neutral vs alkaline) and (b) plasma
voltage under constant plasma operating conditions of 66 uS duty, 900 Hz discharge frequency, and 60 kHz resonance frequency.
The results indicate that the alkaline condition (0.1 M KOH) significantly favors the production of NO, (9.6 mM) over NO5™ (0.8
mM), whereas in neutral environments, the production trends reverse, favoring NO5~ over NO,". In addition, the results indicate that
the highest amounts of NO,- and total NO are produced at 200 V, with concentrations of 13.7 and 15.0 mM, respectively.
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Figure S20. Chronoamperometric i- curves of 10-cycle test (30 mins each cycle) of (a) Fe,O; and (b) HR-Fe,O; electrodes at -1.0
V vs RHE in PAAE electrolyte. The results demonstrate the high stability of both Fe,0; and HR-Fe,05 across the 10-cycle operation
at -1.0 V vs RHE. The results also suggest that HR-Fe,O; outperforms pristine Fe,O; under low NO, concentrations, achieving a
stable NH4* production rate of 32.0 nmol s*! cm and a steady current density of ~ 52 mA c¢cm across 10-cycle tests at -1.0 V vs
RHE.
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Figure S21. (a) UV-Vis absorption spectra with wavelengths ranging from 550 to 800 nm and its corresponding (b) NH,* calibration
curve of indophenol blue test using (NH,4),SO, standard solutions.
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Figure S23. Illustration of the in-house, custom-built plasma system (as described in the work by Jing et al.!®), comprising of a
plasma generator (‘Leap 100’ from PlasmaLeap Technologies) and a plasma reactor.
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Figure S24. DFT calculated H,O adsorption energies and optimized structural configurations on pristine and oxygen vacancy
hematite (104) surfaces.



Supporting Tables

Table S1. Electrochemically active surface area (ECSAs) of Fe,O;, LR-Fe,0;, and HR-Fe,O; electrodes. The final ECSAs were
computed by having the specific capacitance in Figure S6 divided by the reference blank glassy carbon (40 pFem?), and then

multiplied with geometric area.!¢

Electrode ECSA (cm?)
FezO3 6.1
LR-F€203 5.1

HR-Fe,0; 6.7




Table S2. a-Fe,O; crystallite (calculated via Scherrer equation) and lattice parameter (a-Fe,O; d-spacing) of Fe,O3, LR-Fe,O; and
HR-Fe,0;. The results reveal no obvious trend or significant change in crystallite size and lattice spacing with different ERC
potentials.

Crystallite Size (nm) d-spacing (A)
Sample Plane (104) (110) (101) (104) (110) (101)
Fe,04 18 22 - 2.710 2.526 -
LR-Fe,0; 18 26 19 2.710 2.526 2.559

HR-Fe,04 20 23 26 2.710 2.527 2.560




Table S3. State-of-the-art NO,RR-to-NH;3/NH,* electrocatalysts.

Catalyst Electrolyte Potential Current Density NH3/NH,4" Yield FEnu4+ Key Features Ref.
(VRHE) (mA cm?) (nmol 5! cm2) (%)
HR-Fe,0; 0.1 M KOH + -1.0 ~96.5® 153 93 Disordered structure: This
0.1 M KNO, Fe3*/Fe?*/Fe interfaces work
and lattice strain
a-RuO, 0.5 M Na,SO, + -0.35 NA 32.2 97.5 Disordered structure, 17
NaNO; (200 oxygen vacancies
ppm NO5-N)
Ru-ST-12 IMKOH+ 1M -0.20 ~105 @ 164 ~ 100 Lattice strain 18
KNO;
Pd (111) 0.1 M Na,SO, + -0.70 ~ 130 152 79.9 Optimised NO3 19
0.1 M NO; adsorption energy
Cuboctahedron 0.1 M NaOH + -0.20 4250 7.51 35.1 Synergistic effects of Pd 20
Pd/C 20 mM NaNO; (111) and Pd (100)
Rh (110) 0.1 MKOH + 0.10 NA 0.561 20.8 Rh (110) with optimised 21
0.1 M KNOs activation energy to
convert N* to NH*
RDS
SAC Rh; 0.5 M Na,SO,4 + -0.70 ~89.0 131 85.9 Enhanced activation 2
0.1 M NaNO, and hydrogenation of
NO,RR
OD-Ag 0.1 MNO; + -0.92 NA NA 89.0 Enhanced ECSAs, Ag 23
0.1 MKClI (211) with better NO;*
adsorption capabilities
Metastable 1 M KOH + -0.30 135@ 151 99.8 Shifted d-band centre 24
phase Cu 0.05 M NO5 closer to Fermi level
Cu-LC-10 0.5 M Na,SO,4 + -0.80 NA 173 94.7 Shifted d-band centre 25
NaNO; closer to Fermi level
u-Cu NWs 0.5 M Na,SO,4 + -0.70 ~80.0 137 94.7 Shifted d-band centre 26
0.1 M NaNO, closer to Fermi level
OD-Cu 0.1 MPBS +0.1 -0.90 NA 61.1 93.9 Cu? active sites 27
M KNO;
OD-Cu 1 M KOH + 100 -0.15 NA 306 91.6 Cu? active sites 28
mM NO3-
Cu nanodisks 0.1 M KOH + -0.50 NA 166 81.1 New, stable 29
10 mM KNO; configuration of
triatomic Cu clusters
And
0.1 M KOH +
10 mM KNO, -0.50 89.3 49.6
e-Cu 1 M KOH + 50 -0.40 ~33.5 ~394 91.5 New, stable 30
mM KNO; configuration of
triatomic Cu clusters
OD-Cu: 0.5 M Na,SO,4 + -1.30 NA 86.1 80.0 In situ generated 31
CuO- vs Cu,O- 100 mg/L NO;™- stacking faults, tensile
derived Cu N (NaNOs) strain
Cu,O 0.1 M Na,SO,4 + -0.30 ~16.0 12.5 ~88.0 Cu,0/Cu interfaces 32
nanocubes 8 mM NaNO;
And
0.1M Nast4 +
8 mM NaNO, -0.30 NA 13.6 91.5
Cu/Cu,O 0.5 M Na,SO,4 + -0.85 100 68.0 95.8 Cu,0/Cu interfaces, 33
NWAs 200 ppm NO;-N enhanced electron

(NaNO;)

transfer




Table S3 (Continued). State-of-the-art NO,RR-to-NH;3/NH,4" electrocatalysts.

Catalyst Electrolyte Potential  Current Density =~ NH3/NH " Yield  FEnp4+ Key Features Ref.
(VRHE) (mA cm?) (nmol 5! cm2) (%)
Cu/Cu,O/HTC- 0.5 M Na,SO4 + -0.95 NA 3.92 89.5 Cu,O/Cu interfaces, 34
350 200 ppm NO5;-N enhanced electron
(NaNO3) transfer
OVs-Cu/Cu,0O 0.5 M Na,SO, + -0.60 30.0 74.7 84.9 Oxygen vacancies, 33
NRs 100 ppm NO;-N Cu,O/Cu interfaces,
synergistic effect of Cu
and Cu,O sites
R-Cu,O/Cu/CF 1 M KOH + 250 -0.25 14.0 354 84.4 Cu,O/Cu interfaces, 5
mg/L NO5- enhanced electron
transfer
CuNWAs PAW +0.01 M -0.60 NA 45.0 100 Synergistic effect of 15
H,S0, Cu%Cu" active sites,
(PAW =12 mM oxygen vacancies
NOy)
Cu,O/Cu(OH), 0.1 M KOH + -0.40 ~9.00 153 77.0 Enhanced electron 36
500 ppm NO;5 transfer, shifted d-band
(KNO3) centre closer to Fermi
level
FSP-CuO 0.05 M KNO; + -0.50 NA ~62.5 NA Oxygen vacancies 37
0.05 M H,SO,
CF@Cu,0O 0.1 M PBS + 0.1 -1.00 ~40.0 122 94.2 Oxygen vacancies 38
M NaNO,
dr-Cu NPs 0.5 M K,SO,4 + -0.26 NA 12.6 85.5 Defect-rich 39
50 ppm KNOs-
N
FOSP-Cu 0.1 M Na,SO,4 + -0.27 NA 28.2 93.9 Open reaction 40
0.1 M KNO; environment, improved
liquid-mass transfer
SAC Coy/C3Ny 0.5 M Na,SO4 + -0.70 ~65.0 112 95.7 Improved NOy 4
0.1 M NaNO, activation and
optimised formation
energy of NOH*
Different 1 MKOH +0.3 -0.25 NA ~278 85.2 Unique physiochemical 42
transition metal M KNO; properties, optimised
oxides: electronic structure
Co304 (highest)
OH-derived Co 1 M KOH + 0.1 -0.14 ~900 1156 100 Improved conductivity, 43
NAs M NO; (KNO3) optimised adsorption
energies
Co/CoO NSAs 0.1 M Na,SO,4 + -0.26 NA 54.0 93.8 Co/CoO interfaces 44
200 ppm NO;5-N
(N aNO3)
OVs- 0.1 M Na,SO, + -0.80 ~60.0 72.2 88.7 Oxygen vacancies 45
Co0304/Co-h 1 mg/mL NO;5
(KNO;)
OVs-Co304. 0.1 MPBS+0.1 -0.80 NA 136 97.0 Oxygen vacancies 46
«/Co M KNO,
Vo-C0304/CC 0.1 M NaOH + -0.40 40.0 @ 108 97.2 Co vacancies 47
0.1 M NaNO;
Fe SAC 0.1 M K,SO,4 + -0.66 353@ 342 ~75.0 Lacking neighbouring 48
0.5 M KNO; metal sites, suppressed
N, formation
Fe,O; NRs/CC 0.5 M Na,SO, + -0.90 ~125 91.2 69.8 Improved ECSAs and 49
0.1 M NaNOs; electron transport
450°C- 0.5 M Na,SO, + -0.96 ~97.0 91.2 84.9 Greatest amounts of low 50
Fe,0;/CC 0.1 M NaNO; valence Fe, enhanced

electron transfer to
activate NO5~




Table S3 (Continued). State-of-the-art NO,RR-to-NH;3/NH,4" electrocatalysts.

Catalyst Electrolyte Potential  Current Density =~ NH3/NH " Yield  FEnp4+ Key Features Ref.
(VRHE) (mA cm?) (nmol 5! cm2) (%)
NA-FeOOH/SS 0.1 MPBS +0.5 -0.69 ~87.0 11.9 99.6 Fe?" active sites 31
M NaQSO4 +0.2
M NaNO;
OVs- 0.1 M PBS + 0.1 -0.50 ~12.0 14.7 92.0 Oxygen vacancies 2
FeOOH/CP M NaNOj;
3-FeOOH 0.25 M PBS + -1.00 ~56.0@ 70.1 90.2 Enhanced 3
500 ppm NO;-N hydrogenation ability
with NO,*
intermediates
3D FeOOH 0.1 MPBS +0.1 -1.00 ~95.0 163 94.7 3D self-standing 4
NTA/CC M NaNO, nanotube array
structure, enhanced
ECSAs and electron
transport
Zero-valent Fe  NaOH + 200 mg NA NA NA NA Fe/Fe?* system 3
(ZVI) NO;-N/L
Ti foil 0.1 M HNO; + -1.00 22.0® NA 82.0 High corrosion 56
0.3 M KNO; resistance
OVs-TiO, 0.5 M Na,SO,4 + -0.56 NA 25.0 85.0 Oxygen vacancies 57
nanotubes 50 ppm NO5-N
(NaNO;)
OVs-TiO, 0.1 M NaOH + -0.70 ~85.0 129 92.7 Oxygen vacancies 58
NBA/Ti plate 0.1 M NOy-
And
0.1 M K,SO, +
0.1 M NOy -0.50 ~12.0 24.5 92.5
Ni(OH),@Ni 0.1 M Na,SO, + NA 25.0 NA 90.4 Ni(OH), nanoparticles R
70 mg/L NO;y-N
Vyi-Ni-NSA 0.2 M Na,SO,4 + -0.16 NA 68.4 88.9 Ni vacancies 60
200 ppm NO,-N
(200 mg/L
NaNOz)
MoO,/Mo plate 0.5 M Na,SO, + -0.30 ~ 100 142 94.5 MoO, (111) 61
0.1 M NaNO,
Cu-Pt-180s 12.5 mM NA 40 NA ~22.0 Cu/Pt interfaces 02
Na,SO4 + 30 mg synergistic effects
NO;-N/L
SAC Rh@Cu- 0.1 M Na,SO,4 + -0.20 162 @ 353 93.0 Synergistic interactions 03
0.6% NWs 0.1 M KNO; between Rh and Cu
sites
Ru-Cu NW @ 1 M KOH + -0.017 ~ 590 @ ~750 96.0 Synergistic interactions o4
2000 ppm NO5 between Ru and Cu
sites
Veu-Au Cu 0.1 M KOH + -0.20 ~3.00 9.05 98.7 Electron-deficient Cu 65
SAAs 7.14 mM NOs- surface, Cu vacancies
(KNOs)
Strain-defect 0.1 M KOH + -0.20 NA 15.9 96.9 Strain 66
AuCu@Ag 50 mg/L NO5-N
NWs
PdCu/Cu,O 0.5 M Na,SO, + -0.80 NA 52.8 94.3 Synergistic interactions 67

100 ppm NO;5;-N
(NaNO3)

between electron-
deficient Pd and Cu
sites




Table S3 (Continued). State-of-the-art NO,RR-to-NH;3/NH,4" electrocatalysts.

Catalyst Electrolyte Potential  Current Density =~ NH3/NH " Yield  FEnp4+ Key Features Ref.
(VRHE) (mA cm?) (nmol 5! cm2) (%)
Pd-Cu,O CEO 0.5 M K,SO, + -1.70 NA 15.1 96.6 Corner-etched cavity 68
50 ppm KNO; structure, oxygen
vacancies, synergistic
interaction between Pd
and Cu,O active sites
1D PdCuAg 0.1 M KOH + -0.45 ~25.0 433 95.2 Ample ECSAs, 9
MTs 10 mM KNO; electron-rich surface,
nanoconfinement
microenvironment
Cu,Pd/CBC Plasma treated -0.10 ~12.0 ~17.1 93.8 Improved adsorption 70
0.5 M KOH energies
Pd/CuO NOs 0.1 M K,SO,4 + -0.46 ~18.0 14.8 91.8 Pd/CuO interfaces, 71
0.01 M KNO, built-in electric field,
porous structure
SAC CuRh, 0.5 M Na,SO, + -0.60 ~80.0 125 94.1 Synergistic interaction 72
0.1 M NaNO, between Rh; and Cu
sites
CuCo0,04/CFs 1 M KOH + 0.1 -0.30 ~40.0 438 81.9 CuCo,04 nanoparticles 73
M KNO; active sites, porous
carbon nanofibers
substrate
OVs- 0.1 MPBS +0.1 -0.90 ~120 153 95.1 Oxygen vacancies 74
CuC0204/CuO M KN03
Cu;Cos IMKOH+ 1M 0.075 453 @ NA 96.2 Synergistic interaction 7
KNO; between Co and Cu
sites
Co;0,@Cu0O 0.1 M KOH + -0.31 ~49.0 75.2 92.4 Synergistic interaction 76
0.1 M KNO, between Co3;04 and
CuO sites
CusoCoso/Ni 1 M KOH + 100 -0.20 1035 1333 100 Synergistic interaction 6
foam @ mM KNO; between Co and Cu
sites
NiCo LDH/Cu 1 M KOH + -0.21 570 @ ~ 653 94.3 Synergistic interaction 7
NW 2000 ppm NO5 between Cu and NiCo
layered double
hydroxide sites
CusoNise/Cu 1 MKOH + 0.1 -0.10 -90.0 NA >95.0 Enhanced NO;- 8
foam M KNO; adsorption, shifted d-
band centre closer to
Fermi level
Island-like 0.5 M Na,SO, + -0.80 NA ~972 98.3 Cu,O active sites, 7
Cu/Ni foam 50 mM KNO; island-like morphology
with faults and defects
Janus Cu@Ni 1 M KOH + 100 -0.20 ~31.5 62.6 92.5 Synergistic interaction 80
mM KNO; between Ni and Cu sites
OVs-Cu-Fe,03- 0.5 M Na,SO,4 + -0.60 NA 30.0 80.1 Cu/Fe,0j; interfaces, 81
60/Cu foam 50 ppm NO5-N oxygen vacancies
(NaNOs)
Cu-doped 0.1 M KOH + -0.60 ~92.0 225 ~ 100 Altered electronic 82
Fe;04 flakes 0.1 M KNO; structure, improved
adsorption energies
Cu@TiO,/Ti 0.1 M Na,SO4 + -0.60 ~85.0 141 95.3 Cu/TiO, interfaces, 83
plate 0.1 M NaNO, enhanced charge
transfer
Cu;/MnO, 0.5 M Na,SO,4 + -0.70 ~80.0 122 93.3 Cu single-atom active 84
0.1 M NaNO, sites




Table S3 (Continued). State-of-the-art NO,RR-to-NH;3/NH,4" electrocatalysts.

Catalyst Electrolyte Potential  Current Density =~ NH3/NH " Yield  FEnp4+ Key Features Ref.
(VRHE) (mA cm?) (nmol 5! cm2) (%)
Ru;5Cogs HNDs 0.1 M KNO; + +0.40 NA 535 97.0 Altered electronic 10
0.1 M KOH properties, improved
NO;™ activation and
adsorption
RuO,-Co0304 0.1 M Na,SO,4 + -0.60 65.8 @ 58.5 89.7 Synergistic interaction 85
0.5 M KNO; between Co and Ru
sites
SAC Co;Ru 0.5 M Na,SO,4 + -0.70 ~82.0 132 942 Co;-Ru heteronuclear 86
0.1 M NaNO, active sites
C0304/Ni foam 1.0 M NaOH + -0.60 ~920 @ ~ 1207 99.3 Improved ECSAs and 87
0.1 M NaNO;, electron transfer
channels, electron-
deficient Cos0;, active
sites
(Cogg3Nig 16),Fe 1 M KOH + 0.1 -0.42 590 @ 822 97.8 Synergistic interaction 88
LDOs M KNO; between Co and Ni sites
C0304/NiO CF 0.5 M Na,SO4 + -0.59 NA 5.28 99.4 Co0304/NiO interfaces 89
100 ppm NaNO,
Fe-doped 0.1 M PBS + 50 -0.70 ~10.0 10.6 95.5 Altered coordination 9%
Co304 NA/TM mM NOs- environment, improved
conductivity and NOs5
adsorption
3D flower-like 0.1 M KOH + -0.40 ~17.00 8.97 95.4 Improved ECSAs, ol
ZnCo,0, 0.1 M KNO; charge transfer
Co@TiO,/TP 0.1 MPBS +0.1 -0.70 ~75.0 103 96.7 Improved ECSAs, 92
M NOs- Co/TiO, interfaces,
built-in electric field
2000 ppm Ru- 0.5 M Na,SO,4 + -0.90 ~ 100 91.4 72.8 Improved %3
Fe,0; 0.1 M NaNO; hydrogenation
OVs-0.01Ru- 0.5 M Na,SO4 + -0.60 ~ 180 280 95.6 Oxygen vacancies o4
foam
SAC Ni;Ru 0.5 M Na,SO,4 + -0.60 ~85.0 135 95.9 Optimised electronic 95
0.1 M NaNO, structure
Ru-TiOy/Ti 0.1 M NaOH + -0.50 ~ 180 ~283 98.9 Improved electron %6
plate 0.1 M NaNO, conductivity and charge
transfer
Ni@TiO,/Ti 0.1 M NaOH + -0.50 ~90.0 158 98.5 Schottky junction, o7
plate 0.1 M NaNO, Ni/TiO2 interfaces
Ni-TiO,/Ti 0.1 M NaOH + -0.50 ~65.0 107 94.9 Improved electrical 98
plate 0.1 M NaNO, conductivity and
adsorption energies
Ni foam/Ti 0.1 MPBS +0.1 -0.80 ~132 206 95.9 3D porous structure 9
plate M NaNO, with cauliflower-like
morphology, improved
ECSAs and electrical
conductivity
OVs-Zr-TiON 0.5 M Na,SO, + NA 60.0 73.7 94.8 Unsaturated Zr sites, 100
0.05 M KNO; oxygen vacancies
OVs-Fe,TiOs PBS+0.1M -1.0 ~26.0 20.3 87.6 Oxygen vacancies 101
NaNO;
And
PBS+0.1M -0.90 ~25.0 37.8 96.1
NaNO,
Ag@TiO,/Ti 0.1 M NaOH + -0.50 ~85.0 143 96.4 Improved ECSAs 102
plate 0.1 MNO,




Table S3 (Continued). State-of-the-art NO,RR-to-NH;3/NH,4" electrocatalysts.

Catalyst Electrolyte Potential  Current Density =~ NH3/NH " Yield  FEnp4+ Key Features Ref.
(VRHE) (mA cm?) (nmol 5! cm2) (%)
V-TiOy/Tiplate 0.1 M NaOH + -0.60 ~72.0 116 932 Improved electrical 103
0.1 M NO, conductivity, optimised
electronic properties
Pd-TiO,/CC 1 M LiCl +0.25 -0.70 20.0 17.1 92.1 Altered electronic 104
M LiNOs- structure, optimised
adsorption energies
SAC Nb;-ZrO, 0.5 M Na,SO,4 + -0.60 ~87.5 124 95.1 Synergistic interaction 105
0.1 M NaNO, between Nbl; and ZrO,
sites
SAC Mo;-ZtO, 0.5 M Na,SO, + -0.70 ~60.0 96.4 94.8 Single atom Mo active 106
0.1 M NaNO, sites
Nb-NiO 0.5 M Na,SO4 + -0.60 ~28.0 55.7 92.4 Nb Lewis acid active 107
0.1 M NaNO, sites
Ag@NiO/CC 0.1 M NaOH + -0.40 ~38.5 65.2 97.7 Ag (100) active sites 108
0.1 M NaNO,

a- The reported current density reported is partial current density for NH;/NH4" production.

b- The reported current density (or partial) was normalised to ECSAs.
c- Computational study only.

d- The NH3/NH,4" production performance was conducted in a flow cell instead of H-cell.
e- Abbreviations: (1) FEyyy- is Faradaic efficiency for NH;/NH,* production.

(2) Ref. is reference.
(3) PBS is phosphate buffered saline.
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