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Fig. S1. (a) UV-vis spectra for NH4" standard solutions with different concentrations, (b) the

calibration curve for NH4" quantification.
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Fig. S2. (a) UV-vis spectra for N,H, standard solutions with different concentrations, (b) the

calibration curve for N,H, quantification.
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Fig. S3. XPS survey of biochar catalyst (a) before reaction, (b) after reaction.

—_—
-]
~—~

(b)

c=C Cls
c-C
3 =z
g g
@z I3
= =
2 &
= "
= =
T T T T T T T T T T T
282 283 284 285 286 287 288 396 398 400 402 404 406 408
Binding Energy (eV) Binding Energy (eV)
(c) (d)
0=C=0 Ols S 2p
: Sulfite
Sulphate C"?=s
o - : '
a2 = i
&, )
z &
= £
2 2
= =
T 5 T H T 5 T T T T T T T
528 530 532 534 536 160 162 164 166 168 170
Binding Energy (eV) Binding Energy (eV)

Fig. S4. High resolution XPS spectra of (a) C 1s, (b) N 1s, (c) O 1s, and (d) S 2p of the biochar

catalysts after rection.
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Table. S1. The percentage of each element in the biochar catalyst before and after the reaction.

Elements
Cls N 1s O 1s S 2p K2p
Species
Before 88.41 1.43 9.22 0.34 0.61
After 92.02 0.66 5.03 0.13 2.17
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Fig. S5. UV-visible spectra of the electrolyte stained by indophenol blue indicator after 2 h of

reduction reaction in N, saturated 0.1 M KOH at various potential. (a) biochar ,(b) graphite.
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Fig. S6. UV-visible test of the electrolyte after reaction at -0.4 V vs. RHE.
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Fig. S7. Ammonia yield in N; and Ar environments at -0.4 V vs. RHE potential.
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Fig. S8. UV-visible test of N,H, of electrolytes after different potentials.
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Fig. S9. UV-visible test of 7 cycles of reaction at -0.4 V vs. RHE potential.
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Fig. S10. 1 - t curves of 7 cycles of reaction at a potential of -0.4 V vs. RHE.
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Fig. S11 Free energy diagrams of NRR at the peanut shell-derived biochar with Bio-O37 as active site.
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Fig. S12 Free energy diagrams of NRR at the peanut shell-derived biochar with Bio-O15 as active site.
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Fig. S13 Free energy diagrams of NRR at the peanut shell-derived biochar with Bio-O21 as active site.
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Fig. S14 Free energy diagrams of NRR at the peanut shell-derived biochar with Bio-O37 as active site.
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Fig. S15 Free energy diagrams of NRR at the peanut shell-derived biochar with Bio-S58 as active site.
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Fig. S16 Free energy diagrams of NRR for Dissociative pathway on these six biochar active sites of Bio-N4, Bio-

037, Bio-015, Bio-021, Bio-052, and Bio-S58.
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Fig. S17 Free energy diagrams of NRR for Dissociation of NNH, on these six biochar active sites of Bio-N4, Bio-

037, Bio-015, Bio-021, Bio-O52, and Bio-S58.
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Fig. S18 Free energy diagrams of NRR for Dissociation of HNNH, on these six biochar active sites of Bio-N4,

Bio-037, Bio-O15, Bio-021, Bio-052, and Bio-S58.
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Fig. S19 Free energy diagrams of NRR for Dissocition of H,NNH; on these six biochar active sites of Bio-N4, Bio-

037, Bio-015, Bio-O21, Bio-O52, and Bio-S58.
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Carbon Reaction Reaction Ammonia FE
Source Preparation conditions Ref
species conditions | potential yield (%)
0.1 M 03V 3.4 x107°
ZIF-8 N,; 1100°C; 1 h 10.2 [17!
KOH vs. RHE | mol cm™2 h!
N-doped
0.05M 09V 6.0 x 1077
porous ZIF-8 H,/N,; 750°C; 5 h 1.5 [2]?
H,S0, vs. RHE | molcm2 h!
carbon
N,; 500C;3 h 0.05 M 02V 42.58x107¢
ZIF-67 8.5 [3]°
Air; 250°C; 10 h H,S0,4 vs. RHE | gh™!' mg'e,
(CH3COO),Fe;
Multiwall
Fe-N/C- 0.1 M 0.2V 34.83x10°¢
carbon N,; 1000°C; 1 h 9.28 [41¢
CNTs KOH vs. RHE | gh 'mg!,.
nanotubes;
ZIF-8
2.0V
Fe,03; Carbon 1.3 x 108
350C;2h KHCO3; Vs. 0.15 [51°
Carbon nanotubes mol cm™2 h™!
Ag/AgCl
nanotubes
Carbon 0.1 M -04V 33.23x107°
HNO;; 80°C; 24h ) 12.5 [6]1°
nanotubes LiClOy4 vs. RHE | g h ' mg e,
Polymeric
) Ar; 550°C; 4 h 0.1 M 02V 8.09x107°¢
carbon Melamine 11.59 [77
Ar; 620°C; 4 h LiClO,4 vs. RHE | gh 'mg .
nitride
B-doped H;BOs ; 0.05M 0.5V 5.76x 1077
. H,/Ar; 900°C;3 h 10.8 818
graphene Graphene oxide H,S0, vs. RHE | gh'mg !,
4.5
PdCl,; CuCly; 0.1 M -0.2V 2.80x1076 0.0
) Ar; stirring for 2 h (91
Graphene oxide KOH vs. RHE | gh'mgl,. | Vvs
RHE)
Graphene CeCl3-7H,0; 0.1 M -0.7V 16.98x107¢
. . Hydrothermal; 160°C; 24 h 4.78 | [10]'°
oxide Graphene oxide Na,SOy vs. RHE gh 1 mg!.,.
7.33
Na,CrOy; Hydrothermal; 150°C; 24 h 0.1 M -0.7V 33.3x1076 (0.6 g
Graphene oxide Ar; 700°C; 1 h HCI1 vs. RHE gh T mg!.,. V vs
RHE)
S-doped
Glucose; 180C; 10 h 0.1M -0.7V 19.07x10°¢
carbon i 7.47 | [12]'2
Benzyl disulfide Ar; 800°C; 2 h Na,SO4 vs. RHE | gh 'mg .
Nanospheres
Sulfur dots — Graphite rods; ) 0.5M -0.85V 28.56x107¢
Electrochemical process ] 7.07 | [13]3
graphene Na,SOy4; Na,S LiClO4 vs. RHE | gh™' mgl,.
2.32x 107
mol h'! ecm2
0.1 M 04V This
Biochar Peanut shells N,; 1100C; 1 h 1Y 26.97
KOH vs. RHE work
39.81x10°¢
g h71 mgilcat.
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