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S1 Materials

Nessler’s reagent, para-(dimethylamino) benzaldehyde (99%) are purchased from
Sigma-Aldrich Chemical Reagent Co., Ltd. Potassium carbonate (Na2CO3z, AR),
Potassium nitrate (NaNOs, AR), Potassium chloride (KCI, AR), Sodium potassium
tartrate (NaKCsH4Os 4H20, AR), Sodium sulfate anhydrous (Na2SOas, AR),
Potassium hydroxide (KOH, AR), Hydrogen peroxide aqueous solution (H20,
30.0%) Ethylene glycol [(CH20H),, AR], Ethanol (C.HsOH, 99.5%) are purchased
from Sinopharma chemical reagent co. Ltd. All chemicals were used without further
purification. Graphite foil with a thickness of 0.35 mm, p=1 g cm™ (GF). Nafion 117
membrane (Dupont) was purchased from the Fuelcell store. Ultrapure water used
throughout all experiments was purified through a Millipore system (Millipore, 18.2
MQ-cm). High purity N2 gas (> 99.999 %) and Ar (> 99.999%) gas were provided by
Shenyang Zhaote Gas Co., LTD.

Bismuth Chloride (BiCls, > 99.99%), Ammonium chloride (NH4Cl, >99.99%),

S2 Characterization

The UV-vis spectra were obtained on a Shimadzu UV-2600 spectrophotometer. The
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SEM images and EDX mappings were acquired using a Hitachi SU-8010 equipped
with an EDX analyzer operated at an accelerating voltage of 15 kV. The TEM images
were obtained on a JEM-2100 operating at 200 kV. XPS spectra were recorded by the
Thermo Scientific ESCALAB250Xi spectrometer equipped with an Al Ka
monochromatic. The water contact angle was measured on a HUAVE S24-100.

S3 Quantification of NH3 by an lon-selective Electrode Meter

First, a series of standard ammonia solutions (10, 100, 1000, and 10,000 ppb) were
prepared from a stock solution (1000 ppm ammonia as nitrogen standard) for the
calibration with the slope in the range of —56 to —60 mV when the standards were
between 20 and 25 <C. To minimize the impact of the background of the N»-saturated
electrolyte (0.5 M NaOH) on the quantitative analysis of the produced NHs, each
standard ammonia solution was prepared by the dilution of the stock NH4ClI solution
using the N»-saturated 0.5 M NaOH solution. lonic strength adjuster (ISA) was used
to provide a constant background ionic strength and adjust the solution pH. ISA must
be added to all samples and standards immediately before measurement to prevent
ammonia loss, and 80 mL of standard or sample required the addition of 1.6 mL ISA
with the stirring thoroughly. In addition, to test if ammonia escaped from the
electrolyte solution, the outlet gas was introduced to an acid bottle for wet scrubbing
to collect the possible escaping ammonia. The ion-selective electrode meter was
employed to measure the ammonia concentration in the acid wet scrubbing bottle, and
the experimental results revealed that no ammonia was detected, suggesting that the
ammonia escaping from the electrolyte solution could be negligible.

S4 Supplementary Figures
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Fig. S1 The linear fit (y = ax + b) of the calibration curves using Nessler’s reagent.
The background of 0.1 M Na>SOs aqueous solution without NH4Cl was subtracted
from all data.

The concentrations of the synthesized NHz in the electrolyte was measured by a
colorimetric method using Nessler’s reagent as the color reagent. For this method, 10
mL electrolyte was mixed with 0.2 mL 50% seignette salt solution. Then 0.2 mL
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Nessler’s reagent was added and the mixture was allowed still for 10 min. Then the
mixture was detected as the absorbance at 420 nm by an UV-vis spectrometer
(Shimadzu UV-2600). A standard curve of the Nessler’s reagent-based colorimetric
method is constructed by measuring a series of absorbances for the reference solution
with different NH4CI concentrations (0.00, 0.10, 0.20, 0.30, 0.40, and 0.50 ug mL™).
The back-ground is corrected with a blank solution.

y = 2.225x + 0.031
R?=0.99913
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Fig. S2 Calibration curve for colorimetric NoHy assay using p-CoH11NO. The line
shows the linear fit (y = ax + b) of the calibration curves. The background of 0.1 M
NaxSOs4 aqueous solution without NH4Cl was subtracted from all data.

The yield of hydrazine in the electrolyte was evaluated via Watt and Chrisp method.
The hydrazine chromogenic reagent is a mixture of para-(dimethylamino)
benzaldehyde (0.599 g), ethanol (300 mL) and concentrated HCI (30 mL). After 2 h
NRR reaction, 2 mL of the above reagent was added into 2 mL of the electrolyte, then
the mixture was detected at 460 nm. The concentration-absorbance curve was
calibrated using standard hydrazine hydrate solution with a serious of concentrations

(Y=2.225 X +0.03, R? = 0.99913).
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Fig. S3 XRD patterns of Bi.Oz/FEG and FEG
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X-ray diffraction (XRD) pattern of pure FEG and the as-prepared Bi.Oz/FEG hybrid
are displayed in Figure S1. The strong peak at 26.3°0f FEG is indexed to the (002)
plane of graphene, which confirms the successful synthesis of pure FEG. It is found
that Bi.O3/FEG hybrid also exhibited a characteristic peak of graphene at 26.6< This
intense and sharp peak indicates highly crystalline graphene nature of Bi.O3/FEG,
which is beneficial to the electron transfer. No characteristic diffraction peaks of
Bi.O3 are observed because of its lower loading content, on the other hand, also
implying the good dispersion of the very small Bi»Os particles on the FEG.

FEG Bi,O,/FEG
Fig. S4 Water droplet contact angle measurement on (a) FEG and (b) Bi2Os/FEG

The contact angle measurement was then performed to investigate the hydrophilicity
of FEG and Bi>O3/FEG. It can be seen from Fig. S4a, the surface of FEG whose
contact angle is approximate 83° exhibits strong hydrophilicity, which is mainly due
to the oxygen functional groups (-OOH and -OH) of FEG. After decorated with
Bi,03, the contact angle of the as-prepared Bi»O3/FEG increases to around 110° (Fig.
S4b), indicating a hydrophobic property. This hydrophobicity is expected to be helpful
in promoting the ENRR performance by providing strong interaction with N, gas.
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Fig. S5 LSV curves of Bi2O3/FEG in Ar- and N»-saturated 0.1 M Na>SOs with a

scan rate of 5 mV s~

The potential dependence of ENRR activity of BioOs/FEG was studied by linear
sweep voltammetry (LSV) in Ar- and No-saturated 0.1 M Na,SO; electrolytes with a
scan rate of 5mV s%. The LSV curves have the same shape, but a higher current
density is achieved in the No-saturated electrolyte when potential is more negative
than -0.4 V, implying that Bi.Oz/FEG possesses catalytic activity for ENRR reaction.
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Fig. S6 SEM images of BioO3 /FEG and GF, the inset showing the high
magnification SEM image of FEG
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Fig. S7 LSV curves of Bi2O3/FEG in Ar- and N»-saturated 0.1 M NaOH with a scan

rate of 5 mV s}

The potential dependence of ENRR activity of Bi.Os/FEG was studied by linear
sweep voltammetry (LSV) in Ar- and N2-saturated 0.1 M NaOH electrolytes with a
scan rate of 5mV s%. The LSV curves have the same shape, but a higher current
density is achieved in the No-saturated electrolyte when potential is more negative
than -0.2 V, implying that Bi>O3/FEG possesses catalytic activity for ENRR reaction.
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Fig. S8 Faradic efficiency and NHs yield rate at various potentials in 0.1 M NaOH
electrolyte (determined by ion-selective electrode meter)

The concentrations of the NH3 synthesized by Bi2O3/FEG at potentials from -0.4 to -
0.8 V (vs. RHE) in 0.1 M NaOH were also determined by ion-selective electrode
meter to confirm the reliability of this colorimetric method for ammonia detection. As
shown in Fig. S8, the corresponding average NHj yields and FE were almost identical
to that of determined by the Nessler’s reagent (in Fig. 3a) within experimental error,
suggesting that it was reliable to use the Nessler’s reagent for the quantitative analysis
of the produced NHs.

Table 1 Comparison of the ENRR electrocatalytic activity of Bi2O3/FEG and other
metal-based nano-catalysts at ambient condition

Catalyst Electrolyte NH; Yield Potential | FE (%) | Reference
Rate (Vvs.
RHE)
BiO3;@FEG 0.1 M NazSO4 4.21 pgh'! -0.5 11.2 This
cm™ work
Nby0Os/CC 0.1 M NazSOq4 1.58 x 10710 -0.6 2.26 [S1]
mols™' cm™
NiCoS/C nanocages | 0.1 M Li,SO4 26.0 pg h'! 0 12.9 [S2]
-1
mg cat.
AuNPs@MoS, 0.1 M NaySO4 5.65 ugh! -0.3 9.7 [S3]
-1
mg cat.
Bi NS 0.1 M NazSOq4 2.54 ug h! -0.8 10.46 [S4]
2
cm
Defect-rich MoS; 0.1 M NaSO4 29.28 ngh'! -0.4 8.34 [S5]
-1
mg cat.
MoS; 0.1 M NazSOq4 8.08 x 107! -0.5 1.17 [S6]
mols™' cm™
Cr203; microsphere 0.1 M NaSO4 253 ugh'! -0.9 6.78 [S7]
-1
mg cat.
Nb,Os nanofiber 0.1 M HCI 43.6 pgh'! -0.55 9.26 [S8]
-1
mg cat.
Au;Cuy 0.05 mol L! 15491 ugh' | -0.2 54.96 [S9]
H>S04 mg_lcat.
CosFe-MOF 0.1 M KOH 8.79 ug h'! -0.2 25.64 [S10]
-1
mg cat.
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Bi nanosheets 0.0MNaHCO; | 1249 pgh™ [-03 7.09 [S11]
Mn;04 0.1 M NazSOs Ilrﬁl T 3.0 [S12]
Au NPs 0.1 M KOH Ilnagtpg h' | -0.14 5.79 [S13]
Ti0>1GO 0.1 M Na>SOs rlnsgllgatpg nt | -09 33 [S14]
TiOs 0.1 M Na>SOs 01610 07 25 [S15]
mol s ecm™
Au nanorod 0.1 M KOH 1.6_428 ug h! -0.2 4.02 [S16]
FeS@MoS/CFC | 0.1 M Na>SOs ?fisz weh' |05 2.96 [S17]
v-Fer 03 0.1 M KOH (1:r2n51 nmolh! | 0 1.9 [S18]
mg cat.
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