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Experimental section

Materials. All chemicals and solvents were commercial and used as received without further purification. Ni foam (100
mm x 100 mm) was purchased from KUNSHAN JIAYISHENG ELECTRONICS CO., LTD. Carbon rod and saturated Ag/AgCl
electrode was bought from Tianjin AIDA Hengsheng Science-Technology Development Co., Ltd. Nessler’s reagent was
bought from Chengdu HuaXia Chemical Reagent Co. Ltd. (Chengdu, China). Sodium hypophosphite (NaH2P0O2, >99%)
was obtained from Xilong Chemical CO., Ltd. (Guangdong, China). Sodium nitrite (NaNO,, 299%) and potassium sodium
tartrate (KNaC4H,;06:4H,0, 299.7%) were bought from Beijing Beihua Fine Chemicals CO., Ltd. (Beijing, China). Sodium
hydroxide (NaOH, 299.7%), hydrochloric acid (HCIl, 237%) and all solvents were obtained from Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China).

Preparation of Ni,P. One piece of nickel foam (1 cm x 2 cm x 0.16 cm) were cleaned by 1 M HCI solution, ethanol and
deionized water with the assistance of ultrasonication for 20 min. The pretreated Ni foam and NaH,PO, (800 mg) were
placed in the porcelain boat and the NaH,PO, was set at the upstream side. Then the boat was put into a tube furnace,
which was purged with argon (99.99%) for 20 min. The furnace was heated to 500 °C at 2 °C min-!, and kept for 120 min.
Finally, the furnace naturally cooled to ambient temperature. The Ar flow was maintained throughout the whole
tempering process. Then the sample was taken out, washed several times by deionized water and dried in vacuum oven.
Materials Characterizations. Powder X-ray diffraction patterns (XRD) were carried out using a Bruker AXSD8. Samples
for transmission electron microscopy (TEM) were analyzed by using a transmission electron microscope (JEM 2100) with
an accelerating voltage of 200 kV. Scanning electron microscopy (SEM) measurements were conducted on a Hitachi SU-
8100 field emission scanning electron microscope. For the TEM measurements, Ni,P was immersed in ethanol and
sonicated for at least 30 min, then dropped on an ultrathin carbon film copper mesh and allowed to dry in air at room
temperature prior to these measurements. 'H NMR experiments were performed on a 400 MHz Brucker NMR
instrument with D,0 as solvent (300 pL solution and 200 pL D,0).

Electrochemical measurements. Electrochemical measurements were performed on a computer-controlled CHI660E
electrochemical workstation and conducted in a typical three-electrode setup in H-cell with Ni,P as working electrode,
carbon rod as counter electrode and a commercial Ag/AgCl as reference electrode. The experiments were conducted in
an electrolyte solution of 1.0 M NaOH with 0.1 M NaNO,, and stirred at a rate of 500 rpm. All the potentials reported in
our work were calibrated with respect to reversible hydrogen electrode (RHE): E (RHE) = E (Ag/AgCl) + 0.197 + 0.059 pH
unless stated otherwise. The theoretical potential for hydrogen evolution reaction was 0.0 V vs. RHE. The geometrical
surface area of the Ni,P electrode used for electrocatalysis is 1 cm? and the current density was calculated using the
geometrical surface area of 1 cm2. All experiments were carried out at 25 °C without iR-correction.

The Faradaic efficiency for NaNO, reduction was defined as the quantity of electric charges used for producing ammonia
divided by the total charge passing through the electrodes during the electrolysis. Six electrons are needed to produce
one NH3 molecule, so the Faradaic efficiency can be calculated as follows: FEyuz = (6 X Cyusz X V % F)/Q, where Cyys is the
concentration of ammonia, V is the volume of the NaOH electrolyte, F is the Faraday constant and Q is the total number
of charges passing through the catalyst.

Determination of ammonia. The quantity of NH3 generation was determined through the colorimetric method using
Nessler’s reagent. First, 10 mL of the electrolyte was taken out after NaNO, reduction. Second, 0.2 mL of potassium
sodium tartrate (KNaC,;H;06, 500 g/L) was added into the solution to chelate soluble metal ion and mixed thoroughly.

Third, 0.3 mL of Nessler’s reagent was also added into the solution and mixed. Fourth, the solution sat for 15 min for
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color development. Finally, the absorbance of the solution at 420 nm was measured using a 10 mm glass cuvette. And
the concentration-absorbance curves were calibrated using standard ammonia chloride solutions, as shown in Figure
S3, which contained the same concentrations of NaOH used in the electrolysis experiments.

Computational methods. The first-principles calculations are performed by the plane-wave pseudopotential method
implemented in the CASTEP based on the density functional theory (DFT).S1-3 The exchange-correlation (XC) functionals
is described by the local density approximation (LDA).S4 The ion-electron interactions are modeled by the ultrasoft
pseudopotentialsS5 for all constituent elements. A kinetic energy cutoff of 340 eV and Monkhorst-Pack k-point
meshesS6 spanning less than 0.04/A3 in the Brillouin zone are chosen. Meanwhile, the atomic position in unit cell of
compounds are fully optimized using the quasi-Newton method.S7 The convergence thresholds between optimization
cycles for energy change, maximum force, maximum stress, and maximum displacement are set as 5.0x10-6 eV per
atom, 0.01 eV per A, 0.02 GPa, and 5.0x107* A, respectively. The optimization terminates when all of these criteria are
satisfied. Based on the optimized reactant and product, CASTEP transition state (TS) searches further are performed
using synchronous transit methods,S8 which interpolate a reaction pathway to find a transition state and is useful for
predicting barriers to chemical reactions. Complete LST/QST is adopted and begins by performing an LST (Linear
Synchronous Transit)/Optimization calculation, which performs a single interpolation to a maximum energy. The TS
approximation obtained in that way is used to perform a QST maximization, which alternates searches for an energy
maximum with constrained minimizations in order to refine the transition state to a high degree. From that point,
another conjugate gradient minimization is performed. The cycle is repeated until a stationary point is located or the
number of allowed QST steps is exhausted. Then the total energies of the reactants, products and transition states are

obtained to investigate the energy evolution of the catalytic path.
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Ni Foam Ni,P

Fig. S1 Photograph of the nickel foam and Ni,P.
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Fig. S2 SEM Photograph of the Ni foam before (Ni foam) and after phosphorization (Ni,P on Ni

foam).
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Injector

Fig. S3 Photograph of the H-cell with an injector for adding NaNO, into 1 M NaOH electrolyte.
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Sample R, (Q)? R« (Q)°
Nichel Foam 1.54 48.55
Ni,P 1.40 15.73
Nichel Foam + NaNO, 1.23 9.38
Ni,P + NaNO, 1.11 0.93

aR, is related to the series resistance; PR denotes the charge transfer resistance.

Fig. S4 The equivalent circuit and geometric values of the electronic elements extracted from a

simplified Randles equivalent circuit.
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Fig. S5 'THNMR experiments performed with D,O solvent.
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Fig. S6 Calibration curve for colorimetric NH; assay using Nessler’s reagent.
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Fig. S7 Current-time plots measured at different potentials (vs. RHE) in 1.0 M NaOH with 0.1 M
NaNO,.
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Fig. S8 Electrolysis at 0.0 V vs. RHE in 1.0 M NaOH with 0.1 M NaNO, and 0.1 M NHs.
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Fig. S9 LSV curves of Ni,P saturated with Ar and air in 1 M NaOH without NaNO,.
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Fig. S10 LSV curves of Ni,P before and after pre-reduction at -0.3 V vs. RHE for 200 s.
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Fig. S11 Plot of potential versus pH for Ni,P in 1 M NaOH.
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Fig. S12 LSV curves of Ni,P in 1 M NaOH with and without NO.
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Fig. S13 HER of Ni,P at -0.3 V vs. RHE for 500 s, followed by blowing NO into the electrolyte and changing

potential to 0.0 V vs. RHE.
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Fig. S14 LSV curves of Ni,P in 1 M NaOH with and without 0.1 M H,NOH.
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Fig. S15 HER of Ni,P at -0.3 V vs. RHE for 500 s, followed by adding 2 mmol H,NOH into the electrolyte and
changing potential to 0.0 V vs. RHE.
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Fig. $16 LSV curves of Ni,P in 1 M NaOH with and without 0.1 M NH;NH,.
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Fig. S17 HER of Ni,P at -0.3 V vs. RHE for 500 s, followed by adding 2 mmol NH,NH, into the electrolyte
and changing potential to 0.0 V vs. RHE.
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Table S1 Comparison of Ni,P with the previously reported high performance nitrogen oxides reduction

catalysts.
. Potential Ammonia FE
Catalysts Conditions Ref.
V) synthesis rate (%)
1 M NaOH+ This
Ni,P 0.0 vs. RHE 677.2 pmol cm2 h! 92.6
0.1 M NaNO, work
. 1 M KOH+
CusoNisg 0.01 vs. RHE 80.7 umol cm™ h'! 82.0 S9
0.1 M KNO;
HEPES buffer (0.25
MoFe protein M, pH 7.4)+ -0.57 vs. RHE 0.468 umol cm2 h! ~100 S10
0.05 M NOy
0.25 M Li,SO4+
Cu foam -0.9 vs. RHE 517.1 pumol cm h! 93.5 S11
saturated-NO
0.5 M Na,SO4+
Cu/Cu,0 nanowire arrays NaNO; (200 ppm of | -0.85 vs. RHE 244.9 umol cm?2 h'! 95.8 10
NO;-N)
0.1 M KOH+
CuPc -1.3 vs. NHE — 78.0 25
0.1 M KNO,
0.5 M KOH+
NiAIMnCoCu alloy -0.56 vs. NHE — 92.2 S12
0.05 M KNO;
0.5 M NaOH+
Cobalt(Il) porphyrazine -1.39 vs. NHE 37.1 umol cm™ h'! 97.0 S13
0.0028 M NaNO,
1 M KOH+
Strained Ru nanoclusters -0.2 vs. RHE 1170 umol cm h! ~100 S14
1 M KNO;
0.5 M Na,SOg4+
TiO, nanotubes with oxygen
) NaNO;(50 ppm of | -1.36 vs. NHE 45 pmol mg! h-! 85.0 S15
vacancies
NO;-N)
o MOPS buffer (1.0
Cobalt-tripeptide complex
M, pH 7.2)+ -0.24 vs. RHE 1984 pmol mg™! h-! 90.0 S16
(CoGGH)
1.0 M NaNO,

FE: The Faradaic efficiency of ammonia.
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