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Fig. S1 SEM of NiFeP@NC.
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Fig. S2 Raman spectra of NiyFeP@NCs.
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Fig. S3 TG-DTA of Ni,FeP@NC precursor.
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Fig. S4 Survey XPS of Ni,FeP@NC.
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Fig. S5 (a) Cls and (b) N1s XPS of Ni,FeP@NC.
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Fig. S6 (a) LSVs at 5 mV s, (b) Tafel plots and (c) Nyquist impedance of different electrodes for HER. (d) Potential
dependent Bode phase plots of Ni,FeP@NC electrode.

From the LSVs shown in Fig. S6a, the more prominent cathodic response and more positive onset potential indicate
the highest HER catalytic behavior of the Ni,FeP@NC electrode. Fig. S6b depicts the Tafel plots of the electrodes, the
high Tafel slopes (over 120 mV dec!) indicate the Volmer step (H,O+e+*=*-H+OH-, * represents the catalytic site),
namely the generation of the first adsorbed active H (H,q;) is the kinetically limiting step during HER process. In this
situation, if the H,q is captured by the incorporated NOj;-, hydrogenation reaction can be ensured, which restricts the
competing HER toward H, bubble. Fig. S6c shows the electrochemical impedance spectra (EISs) of the electrodes, the
lowest charge transfer resistance (R,,) indicates the highest HER kinetics of the Ni,FeP@NC electrode. Fig. S6d presents
the potential dependent Bode phase plots of impedance, the well-defined phase angle peak at low frequency range are
observable in negative potential, the phase angle decreases and the frequency upshifts with negative shift of potential,
showing the expedited HER at more negative potentials. The unvaried phase angle platform at around 10* Hz excludes

the structural evolution of Ni,FeP@NC catalyst during HER process.
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Fig. S7
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Fig. S7 Absorbance vs concentration working curves of (a) NH4" (at 654 nm), (b) NO, (at 540 nm) and (c) NO; (A=A

m-2A275 .m)- The concrete detection methods were depicted in experimental section in main text.
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Fig. S8 (a) 'H NMR of standard NH," (NH,Cl) and the electrolyte (1 M KOH+0.2 M KNOs) undergoes electroreduction
at different potentials for 2 h catalyzed by Ni,FeP@NC. (b) Concentration vs integral area of the peak at 7.09 ppm
(middle peak) relative to maleic acid (C4H4O,). Potential dependent (c) FExy;s and (d) Yieldygss via NO;RR catalyzed
by Ni,FeP@NCs electrodes.

As viewed in Fig. S8a, the 'TH NMR of the electrolyte undergoes NOs;RR at different potentials feature typical triplet
peaks free of impurity signals, which are finely coincide with the standard NH,*, showing the production of NH; by
NO;RR at Ni,FeP@NC. Estimated based on the relative integral areal vs concentration working curve shown in Fig. S8b,
the FEs of Ni,FeP@NC for NO;RR are 79~89% within -0.15~0.35 V (Fig. S8c), the maximized FEny3; of 89% achieves

at -0.15 V, which is largely similar to that calculated by colorimetric method (93%). Despite the existence of
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methodological disparities, these results still evidence the high electricity-to-NH; conversion ratio by NO;RR. The
FEnuss of other electrodes are also similar to the values estimated from colorimetric method with minor deviations. The
yieldyyss vary within 0.02~0.477 mmol h'! cm? as potential negatively changes from -0.15 to -0.35 V at Ni,FeP@NC

electrode. The maximized yieldyy; at -0.35 V is very similar to that calculated from colorimetric method (0.47 mmol h!

cm?).

Intensity (a.u.)

= 5

E] )

3 s

= >

=z @

w (=

£ 2 o
2 b= y

Ni(Fe)-P
0 720 730 130 135
BE (eV) BE (eV)

Fig. S9 (a) SEM, (b) Ni2p, (c) Fe2p and (d) P2p XPS of Ni,FeP@NC after 5 cycles of NO;RR operations.

From Fig. S9a, the SEM of Ni,FeP@NC still demonstrates aggregated nanoparticles, which resemble to its initial
state, showing the fine morphological stability undergoes repeated NO;RR cycles. In addition, the Ni(Fe)-P bonds can be
observed from the Ni2p, Fe2p and P2p XPS spectra (Fig. S9b~d), which are in line with the elemental composition of
phosphide component in the hybrid. The Ni?*, Fe?*, Fe3" and phosphate species are also observable after repeated NOsRR
operations. The overall XPS results after NO3;RR maintain roughly unvaried relative their initial forms. The unvaried

morphology and stable elemental composition of Ni,FeP@NC contribute partially to the NO;RR durability.
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Fig. S10
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Fig. S10 (a) LSVs of different electrodes at 5 mV s in 1 M KOH (dash curves) and 1 M KOH+2 M CH;0H (solid

curves). (b) LSV of Ni,FeP@NC electrode at 5 mV s! in 1 M KOH electrolyte containing different concentrations of

CH;OH.
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Fig. S11 (a) Electricity consumptions of NO3;RR-MOR and NO;RR-OER electrolyzers estimated by
chronopotentiometry (¥-t operations) at J=30, 60 and 100 mA cm for 2 h. (b) Integral '"H NMR area ratio of NH4"/inner

standard maleic acid versus concentration working curve.
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Table S1 Comparative MOR performances of representative catalytic electrodes in I M KOH electrolyte

Electrode Potential Ref.
Co,P@NiCo-LDH/NF 1.24 V at J=10 mA cm™ [1]
Amorphous Ni,Co,Fe;-P 1.39 V at J=20 mA cm? [2]
Os-Ni,P/N-C/NF 1.38 V at /=10 mA cm™ [3]
MOoN/Ni;N/NF 1.38 V at J=100 mA c¢m™ [4]
Cu,..Se@CuO NFs 1.31 V at J=50 mA cm™ [5]
CoPPi 1.29 V at /=100 mA cm™ [6]
CoFe@PANI About 1.4 V at /=10 mA cm? [7]
NiCu@Cu 1.37 V at J=10 mA cm™ [8]
Lag 7Sry3Cop,Mng,Nig,Feg,Al) .05, 1.45V at J=10 mA cm?? [9]
CeO,@INF-0.6 1.47 V at J=100 mA cm™ [10]
Bay 5Sry 5Cog sFey,03.5@Ce0,-10 1.39 V at J/=10 mA cm?2 [11]
NiFeOy About 1.52 V at /=10 mA cm™ [12]
Ni,FeP@NC 1.41 V at J=10 mA cm™ This work
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