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1. Experimental details

1.1 Chemicals

All chemicals were analytical grade and used as received without further purification.
The chemicals were purchased from Aladdin Chemical reagent Co., Ltd. (Shanghai,
China). Deionized (DI) water was used in all experiments

1.2 Instrumentation

The morphologies of the samples were characterized by scanning electronic
microscopy (SEM) using a microscope (FEI, Tecnai G220 S-TWIN,US) and
transmission electron microscope (TEM) using a microscope (JEOL Ltd. JEM-2100f,
Japan).X-ray diffraction (XRD) of all the prepared materials were performed on
diffraction instrument (Sinmadzu, XRD-6100, Japan). Spectrophotometry vis UV/Vis
spectrophotometer (UV-1800 S). X-ray photoelectron spectroscopy (XPS, Thermo
Scientific, K-Alpha ,US) was used to analyze the chemical state of the oxide. Ion
chromatograph was used to detect and analyze ions in solution (Aquion ICS-1100).
1.3 Ion concentration detection methods

The ion concentration of the electrolyte diluted to a suitable concentration was
measured with a UV-Vis spectrophotometer and Ion chromatography to match the
range of the calibration curve.Specific detection methods are as follows -

1.3.1 UV-Vis spectrophotometer

Detection of nitrate-N: Firstly, 2.0 mL electrolyte was taken out from the electrolytic
cell and diluted to 5 mL to detection range. Then, 0.1 mL 1 M HCI and 0.01 mL 0.8
wt% sulfamic acid solution were added into the aforementioned solution. After 15
minutes, the absorbance was detected by UV-Vis spectrophotometry at a wavelength
of 220 nm and 275 nm. The final absorbance of nitrate-N was calculated based on the
following equation: A=A,yonm -2A,;snm. The correction curve can be obtained by
NaNOs solution of different concentrations and corresponding absorbance.

Detection of ammonium-N: With 4.1667 g of sodium hydroxide, 5 g of salicylic acid
and 5 g of sodium citrate, 100mL solution A was prepared .9.0 mL sodium
hypochlorite solution was prepared into 100 mL solution B. 1 g sodium ammonium

ferricyanide (C5FeN6Na20) in 100 mL solution C. 2ml of electrolyte was taken out
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of the electrolytic cell, and then 1ml of liquid A, 1ml of liquid B and 0.5ml of liquid C
were respectively taken to prepare A Sml mixed solution After shaking and standing
for 1 h, the absorbance was tested by UV-Vis spectrophotometry at a wavelength of
655 nm. The calibration curve can be obtained through different concentrations of
NH,4CI solutions and the corresponding absorbance.

1.3.2 Ton chromatography

Detection of ammonium-N and nitrate-N: After pretreatment, the samples were
determined according to the set chromatographic conditions, using external standard
method Quantification, the response value of ammonium ion in the sample solution to
be measured should be within the linear range of the standard curve Chromatographic

peak retention time should be consistent with the standard substance

1.4 Electrochemical measurements

Electrochemical measurements were performed using an electrochemical
workstation (Princeton, VersaSTAT 4, US) by employing an air-proof two-
compartment cell separated by a Nafion membrane. The working, counter, and
reference electrodes were sample foil, silver chloride electrode, and platinum
foil, respectively. The working electrode was cut into a small square with a
surface area of 1 cm x 1 cm. A 0.5 M Na,SO4 aqueous solution with NaNOj3
(50 ppm nitrate-N) was used as both the catholyte (35 mL) and anolyte (35
mL). Ar (99.995 vol%) gas was continuously fed into the solution throughout
the tests (see Supporting Information for details). All the potentials were
recorded on an RHE and all the polarisation curves were stable after continuous

circulation.

1.5 Calculation of the yield, selectivity, and Faradaic efficiency.

Potentiostatic tests were conducted to measure the yield, selectivity, and Faradaic
efficiency of NH; and the conversion of NO3~ The potentiostatic test (0.5 M Na,SO,
aqueous solution with NaNOj; 50 ppm nitrate-N) was carried out at different potentials

for 2 h with a stirring rate of 300 rpm. The concentration of NH; and NO; in
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electrolyte was detected at intervals (0, 1, 2 h).

The conversion of NO5~ was calculated using the Eq. S1:

NOj conversion = ACno3./ Co X100% (Eq. S1)

The selectivity of the product calculated using the Eq. S2:

NHj selectivity (Snu3)=Cnus/ACno3-x100% (Eq. S2)

The yield of NH; (aq) was calculated using the Eq. S3:

Yield NH; = (Cnpz X V) / (M nuz X t X m) (Eq. S3)

The Faradaic efficiency was calculated using the Eq. S4:

Faradaic efficiency = (8F %X Cyp3. X V) / (Mno3- X Q) x 100% (Eq. S4)

where C, is the initial concentration of NOj5-, ACyos. 1S the concentration difference of
NOj; before and after electrolysis, Cnps is the concentration of NHj (aq, t (s) is the
electrolysis time, F is the Faradaic constant (96485 C mol!), V is the electrolyte

volume, m is the mass of catalyst, Q is the total charge passing the electrode.

2. Additional Figures and Tables
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Fig. S1 TEM images of Nb,Os (a) and Nb,Os_, (b)



Fig. S2 (a) HAADF-STEM image of Nb,Os_, together with EDX mapping images
of (b) O, (c) Nb, and (d) the total elements distribution
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Fig. S3 EDX spectra of Nb,Os_,
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Fig. S4 The Full XPS spectra of Nb,Os_,
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Fig. S5 The Ultraviolet-visible diffuse reflectance spectra (UV-vis DRS)

of Nb,Os_, and Nb,Os(a), (b) the Band gap of Nb,Os_, and Nb,Os
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Fig. S6 Linear scan voltammetry curves of Nb,Os_, with different

electrolyte. The larger current in nitrate electrolyte suggests the reaction
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of nitrate electroreduction.
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Fig. S7 The UV-Vis absorption spectra and the corresponding calibration

curves: (a) NH;*-N, (b) NOs-N, The concentration of nitrate, and

ammonia were all referred as nitrogen (NO5-N, NH;"*-N), and the

ultrapure water was used as background solution.
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Fig. S8 The faradaic efficiency and yield of ammonium over Nb,0Os_, at

different potentials.
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Fig. S9 (a) EPR spectra, (b)ENRA test data of Nb,Os with different

thermal condition
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Fig. S10 The ammonia concentration of solution (before and after
potentiostatic tests) over Nb,Os_, in 0.5 M Na,SO, electrolyte with and

without NO5~.
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Fig. S11 The ion chromatography absorption spectra and the

corresponding calibration curves: (a) NH;™-N, (b) NO;-N.



Fig. S12 SEM images of Nb,Os. after cycling tests
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Fig. S13 XRD pattern of Nb,Os., after cycling tests
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Fig. S14 VB-XPS spectra of Nb,Os., and Nb,Os
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Fig. S15 Cyclic voltammogram curves of Nb,Os_x (a) and Nb,Os (b) with

various scan rates from 60 to 160 mV s-!. The difference in current

plotted against scan rate showing the extraction of the double-layer

capacitances (¢) and (d), which allow the estimation of the

electrochemically active surface area (ECSA).



Table S1. Comparison of ammonia selectivity by electrocatalytic nitrate

reduction

Electrocatalyst Electrolyte Performance Detecting Ref
method

Nb,Os5_, 0.5 M Na,SO, FE (NHj3): 85.1% UV-Vis spectroscopy This

(This work) 50 ppmNO;-N S (NH3): 90.8% Ion chromatography work

Y(NH3) : 287 pmol h-lem?

Ni-FeO@Fe3O4

50 ppm NO;-N +
10 mM NaCl

S (NH;):10.4%

UV visible

spectrophotometer

TiO,. nanotubes

50 mM Nast4 +
50 ppm NO5-N

S (NH): 87.1%
FE (NH;):85%
Y(NH3) : 45 pmol h-'em™

UV-Vis spectroscopy
IHNMR

CO304-TiOz-PVP

Ir0,-RuOy/Ti | 0.1
M Nast4, NaNO3

S (NH;): 73%-

UV-vis spectroscopy

(10 mA cm?)

Co0304/NiO HNTs 0.5 M Na,SOq4 FE (NH3): 55% UV-vis spectroscopy 4
200 ppmNO;-N S (NH;): 62.3%

Y(NH3) : 6.9 umol h™! mg,!

PTCDA/O-Cu 0.1 M PBS FE (NH3): 77£3% UV-vis spectroscopy 3
+ 500 ppm NO;-N | Y(NH;) : 436485 pg h'lem?

Ti/TiHx 0.1 M HNO; + 0.3 | FE (NH3): 82% UV-vis 6
M KNO; spectroscopy

Bi,05-CC 50 M K;,SO4 + 750 | FE (NH3): 84.9% UV-vis 7
ppm NO;-N S (NHj3): 80.3% spectroscopy

CuO nanoplates 50 ppm NO* + 0.0 | S(NH3): 81.99% UV-vis 8
M Na,SO, Y(NH;) : 781.25 pg h'lem™ spectroscopy

3D Cu-Pt 50 ppm NO*+ S (NH;): 84% UV-vis 0

bimetallic 0.5 M Na,SO,, spectroscopy

Pd (110) facts 0.1 M NaOH + 400 | FE (NH3): 35% UV-vis 10
ppm Y (NH;): 306.8 pug h™! mgpy™! spectroscopy
NO*-N

Fe single atom 0.50M S (NH3): 75% IHNMR 1
KNO3/0.10 M FE (NHs): 76%
K,SO4 mixed Y(NH3) : 460 pmol h-'mg,,!
electrolyte

Note:

Y (NH;): The yield of ammonia;

FE (NH;): The Faradaic efficiency of ammonia;




S (NH;): The selectivity of ammonia;
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