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Table S1. The comparison of our work and other recently reported NRR electrocatalysts.

Catalyst System NH; Yield Rate NH; Yield Rate FE (%) Detection Ref.
/Conditions (ug h'' cm?) method
Au@C 0.1 M Na,SO, 241.9 pg h'! mgg,,™! 38.7pgh'em™ 40.5 Indophenol This
(pH=6.3) (-0.45 V vs. RHE) (-0.45 V vs. RHE) method work
Au /TiO, 0.1 M HCI 21.4 pgh'mg ¢! 21.4 ugh'em2 8.11 Indophenol 1
(-02'V vs. RHE) (-0.2'V vs. RHE) method
Au nanorods 0.1 M KOH 1.648 ug h'' cm? 1.648 ug h'' cm? 3.87 Nesslers 2
(-0.2 V vs. RHE) (-0.2 V vs. RHE) method
Au/CeOx-RGO 0.1 M HCI 83 ugh ' mgey ™! 1.66 pg h™! cm™ 10.10 Nesslers 3
(-0.2 V vs. RHE) (-0.2 V vs. RHE) method
Au/C 0.1 M KOH 0.3 pg mg e b1 0.09 ugh'em™ 1.2 Indophenol 4
(-0.05 V vs. RHE) (-0.05 V vs. RHE) method
Au film 0.1 M KOH 3.84 x 1072 mol cm 2 s! 0.235 ugh'em™ 0.12 Indophenol 5
(-0.5 V vs. RHE) (-0.5 V vs. RHE) method
NCM-Au 0.1M HCI 0.36 gm2h! 36 ugh'ecm™ 22 Indophenol 6
(PH=1) (-0.2 V vs. RHE) (-0.2 V vs. RHE) (-0.1 V vs. RHE) method
Au flowers 0.1 M HCI 25.57 pg h'lmg, co ! 1534 pgh™' em™ 6.05 Indophenol 7
(-0.2 V vs. RHE) (-0.2 V vs. RHE) method
Au nanocages 0.5 M LiClO, 3.9 ug cm2h’! 39ugh'em? 30.2 Nesslers 8
(-0.5 V vs. RHE) (-0.5 V vs. RHE) (-0.4 V vs. RHE) method
Au nanocages 0.5 M LiClO, 3.74 pgem 2 h! 3.74 pgh™' cm™ 359 Nesslers 9
(-0.4 V vs. RHE) (-0.4 V vs. RHE) method
AuSAs-NDPCs 0.1 M HCI 232 pgem2h! 232 pgh'em™ 12.3 Indophenol 10
(-0.3 V vs. RHE) (-0.3 V vs. RHE) method
Ag-Au@ZIF LiCF;S0; 1% 10 pmol cm 2 57! 0.612 pgh™' em™ 18+4 Indophenol 11
EtOH in THF (-2.9 V vs. Ag/AgCl) (-2.9 V vs. Ag/AgCl) method
Auy/C3Ny 0.005 M 1,305 ug h'' mg ', 1.74 pgh™ ' cm™2 11.1 Indophenol 12
H,S0, (-0.1 V vs. RHE) (-0.1 Vvs. RHE) method
pAu/NF 0.1 M Na,SO, 9.42 pgh™' em™ 9.42 pgh™' em™ 26.99 Indophenol 13
(-0.2 V vs. NHE) (-0.2 V vs. RHE) (-0.1 V vs. RHE) method
Au@CeO, 0.01 M H,SO,4 28.2 pgh'em? 282 pgh'em™ 9.5 Indophenol 14
(-0.4 V vs. RHE) (-0.4 V vs. RHE) method
Auw/Ti;C, 0.1 M HCI 30.06 pgh™' mg™! 76.68 pgh™' cm™ 18.34 Indophenol 15
4(-0.2 V vs. RHE) (-0.2 V vs. RHE) method
Ru SAs/N-C 0.05 M H,SO4 120.9 pgnms mg' ey h! 30.84 pgh' cm™ 29.6 Indophenol 16
(-0.1 V vs. RHE) (-0.1 V vs. RHE) method
Fega-N-C 0.1 M KOH 7.48 pgh™! mg o ! 7.48 ngh'em2 56.55 Indophenol 17
(0.0 V vs. RHE) (0.0 V vs. RHE) method
SA-Mo/NPC 0.1 M KOH 34.0 £ 3.6 pgnps h!' mg ¢y ! 13.1+ 1.4 pgh™' cm™2 14.6 £1.6 Nesslers 18
(-0.3 V vs. RHE) (-0.3 V vs. RHE) method
Ru/MoS, 10 mM HCl 1.14 x 107" mol cm 27! 6.98 pgh™' cm™ 17.6 Indophenol 19
(150 mV vs. RHE 50 °C) (150 mV vs. RHE method
50 °C)
Pd;Cu; alloy 1 M KOH 39.9 mg h'! mg ¢y ! 1596 ugh'cm2 1.56 Nesslers 20
(-0.25 V vs. RHE) (-0.25 V vs. RHE) (-0.05 V vs. RHE) method
Mo,C /C 0.5 M Li,SO, 11.3 ug h™' mg'yozc / 7.8 Nesslers 21
(pH=2) (-0.3 V vs. RHE) method
OVs-rich MoO, 0.1 M HCI 12.20 pg h™' mg ¢! 12.20 pgh™ em™ 8.2 Indophenol 22
(-0.15 V vs. RHE) (-0.15 V vs. RHE) method
TiO2/TiCoTx 0.1 M HCI 3217 pgh ' mg ey ! 322 pgh ' om 2 16.07 Tndophenol 23
(-0.45 V vs. RHE) (-0.45 V vs. RHE) method
Nb,Os nanofiber 0.1 M HC1 43.6 ugh™ ! mg L / 9.26 Indophenol 24
(-0.55 V vs. RHE) method
Fe/Fe;04 0.1 M PBS ~0.19 pgecm2h! ~0.19 pgh™! cm™ 8.29 Indophenol 25
(pH=17.2) (-0.3 V vs. RHE) (-0.3 V vs. RHE) method
Fe-N/C-carbon 0.1 M KOH 34.83 pgh ! mg o ! 17.42 ugh'em2 9.28 Indophenol 26
nanotube (-0.2 V vs. RHE) (-0.2 V vs. RHE) method
MnO/TM 0.1 M Na,SO, 1.11 x 10 mol s ' cm™! 6.79 ngh'em™2 8.02 Indophenol 27
(-0.39 V vs. RHE) (-0.39 V vs. RHE) method
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Bismuth 0.1 M Na,SO, 2.54 +0.16 pgnyzem 2 h! 2.54+0.16 pgh™! cm™ 10.46 + 1.45 Indophenol 28
nanosheet (Bi ~13.23 pg mge, ' h! (-0.8 V vs. RHE) method
NS) (-0.8 V vs. RHE)
BiNCs/CB/CP 0.5 M K,SO4 200 mmol gt h! 884 pgh™! cm™ 66 Nesslers 29
(pH=3.5) 0.052 mmol cm2h! (-0.6 V vs. RHE) method
(-0.6 V vs. RHE)
ZIF-derived .1 MKOH 3.4x107° mol cm™ h™! 57.8 pgh™' cm™ 10.2 Indophenol 30
carbon (-0.3 V vs. RHE) (-0.3 V vs. RHE) method
NPC-500 0.005 M 1.31 mmol g ' h! 223 ugh'tem?2 9.98 Indophenol 31
H,S0, (-0.4 V vs. RHE) (-0.4 V vs. RHE) method
B4C nanosheet 0.1 M HCI 26.57 pgh™' mg ! 2.66 ugh™' cm™ 15.95 Indophenol 32
(-0.75 V vs. RHE) (-0.75 V vs. RHE) method
Hollow Cr,0; 0.1 M Na,SO, 253 ugh ' mg e ! 3.04 ngh'em™2 9.26 Indophenol 33
microspheres (-0.55 V vs. RHE) (-0.55 V vs. RHE) method
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Figure S1. The NHj yield rate (ug h'! cm™) and FE (%) comparison of our work and

. -1 -2
NH, Yield Rate (ng h cm™)

other recently reported NRR electrocatalysts corresponding to Table S1.
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Figure S2. (a) TEM images and corresponding SAED patterns, (b) XRD patterns and (c)

Raman spectrum of Au-NS sample.
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Figure S3. Surface survey XPS spectrum of Au@C sample.
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Figure S4. N, temperature programmed desorption (N,-TPD) measurement curves of

Au@C and Au-NS samples.
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Figure S5. (a) UV-Vis absorbance spectra of the indophenol blue indicator with various

concentrations of NH4*-N (0, 0.1, 0.2, 0.4, 0.8, 1.2, 1.4 pg mL"") after incubating for 1 h

at room temperature. (b) The calibration curve used for calculation of NH,"-N

concentration.
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Figure S6. (a) UV-Vis absorption spectra with various concentrations of N,H4-H,O (0,

0.05, 0.1, 0.25, 0.5, 1.0, 2.0 ug mL-") after incubated for 20 min at room temperature. (b)

The calibration curve used for calculation of N,H4 H,O concentrations. (¢) UV-Vis

absorption spectra of samples after NRR measurement at different potentials in 0.1 M

Na,S0; electrolyte.
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Figure S7. (a) Time-dependent current density curves of Au@C at different potentials in
0.1 M Na,SO, electrolyte and (b) Corresponding UV-Vis absorption spectra of

electrolytes colored with indophenols indicator after electrolysis at different potentials for

1 h.
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Figure S8. (a) The dependence of NH; yield rate and faradaic efficiency of Au-NS on
applied potentials in N,-saturated 0.1 M Na,SO, electrolyte with NRR measurement time
of 1 h. (b) Corresponding UV-Vis absorption spectra of electrolytes colored with

indophenols indicator after electrolysis at different potentials for 1 h.
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Figure S9. Cyclic voltammetry curves of (a) Au@C and (b) Au-NS with various scan

rates (25, 50, 100, 150, 200 mV s!) in the region of —0.30 to —0.40 V vs. Ag/AgCl. The

capacitive current densities at -0.35 V vs. Ag/AgCl as a function of scan rates for (c)

Au@C and (d) Au-NS,
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Figure S10. Electrochemical impedance spectra of Au@C and Au-NS obtained at -0.45

V (vs. RHE) in N,-saturated 0.1 M Na,SO, electrolyte.
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Figure S11. UV-Vis absorption spectra of blank solution (N,-saturated 0.1 M Na,SO,

electrolyte), open-circuit condition (Au@C catalyst in Nj-saturated 0.1 M Na,SO,

electrolyte without applied potential for 1 h), and Ar-saturated electrolyte (Au@C catalyst

in Ar-saturated 0.1 M Na,SO, electrolyte with an applied potential of -0.45 V for 1 h). All

solutions were incubated with indophenol indicator for 1 h before measurement.
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Figure S12. (a, ¢) 'H NMR spectra of the "“NH," and '"NH,;" concentrations; (b, d)
Corresponding “NH;* and 'NH4" calibration curves constructed by plotting the

integrated "H NMR peak area against standard concentration.
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Figure S13. High resolution XPS spectra of Au 4f, C 1s and O 1s (a-c) of Au@C catalyst

after 7 days NRR measurement at -0.45 V (vs. RHE) in Nj-saturated 0.1 M Na,SO,

electrolyte.

S-12



NH *

4
11402 cm’

¥ -NH_
-1 , A
1386 cm /i | 1456 cm”
1
1

1250 1300 1350 1400 1450 1500 1550
Wavenumber (cm'l)

Intensity (a.u.)

Figure S14. The FT-IR spectrum of the Au@C catalyst after 7 days NRR measurement at
-0.45 V (vs. RHE) in N,-saturated 0.1 M Na,SO, electrolyte.
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