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Characterizations

The samples underwent analysis to assess their morphology, phase characteristics,
and elemental composition utilizing a scanning electron microscope (SEM, Zeiss
Sigma 300), a transmission electron microscope (TEM, FEI Talos f200x), and wide-
angle X-ray diffraction (XRD) patterns obtained from a Bruker D8 diffractometer
equipped with Cu Ka radiation. The surface chemical states of the elements in the
catalysts were determined through X-ray photoelectron spectroscopy (XPS, Thermos
Scientific ESCALAB 250Xi), with all XPS spectra calibrated against the C 1s spectrum
at a binding energy of 284.8 eV.
Electrochemical measurements

The electrochemical experiments were conducted in a conventional three-
electrode configuration with a CHI750E electrochemical workstation. A platinum wire
was employed as the counter electrode, whereas a mercury/mercury oxide (Hg/HgO)
reference electrode in a 3M KCl solution was utilized for reference purposes. All the
measured potentials are transformed into a reversible hydrogen electrode (RHE) system
using the following equation: Erpe= Engrgo + 0.059 PH + 0.098 V. All the working
electrodes underwent electrochemical activation through the execution of 50 cycles of
cyclic voltammetry (CV) within a potential range of —1.5 to 0.8 V (vs. RHE), utilizing
a scan rate of 20 mV s ! in a I M KOH solution, both with and without the addition of
0.5 M urea. The linear sweep voltammetry (LSV) technique for both UOR and OER
was measured at a scan rate of 2 mV s in a 1.0 M KOH solution, with and without the

incorporation of 0.5 M urea. Tafel slopes are calculated using the Tafel equation: n=a



+b * log j» where n represents the overpotential, a refers to the intercept associated
with the exchange current density (j), b denotes the Tafel slope, and j indicated the
current density.

The electrochemically active surface areas (ECSA) of the electrocatalysts were

determined using the following equation:

C(zﬂl
ECSA=—
C

N

Cq represents the electrochemical double-layer capacitance, which is determined
from the series of CV obtained in the non-Faradaic region of 1.0 to 1.1 V (vs. RHE),
using different scan rate of 5, 10, 20, 30, 40, 50 60 and 70 mV s™!. Electrochemical
impedance spectroscopy (EIS) tests are collected by applying an alternating current
(AC) potential amplitude of 10 mV with frequency ranging from 1072 Hz to 103 Hz at
1.45 V (vs. RHE). Additional, chronopotentiometry was carried out to monitor the
operation durability of electrocatalysts.

DFT calculation

All the calculations were performed in the framework of the density functional
theory with the projector augmented plane-wave method, as implemented in the
VASP!. The generalized gradient approximation proposed by Perdew, Burke, and
Ernzerhof?> screened hybrid density functional were selected for the exchange-
correlation potential®. The van der Waals interactions was characterized utilizing the
DFT-D3 methodology*. A plane wave cut-off energy of 400 eV was established. The
energy convergence criterion for the iterative resolution of the Kohn-Sham equations

was set at 10™*eV. To prevent spurious interactions between periodic images, a vacuum



layer measuring 20 A was incorporated perpendicular to the sheet. The integration over
the Brillouin zone was conducted using a 2 x 2 x 1 K-mesh. All structures underwent

relaxation until the residual forces acting on the atoms were reduced to below 107>

eV/A.

The adsorption energy was defined as:

Egs=E -E4—Ey
M

E
A
where M, E A, and E\; are the total energies of the molecule adsorbed on the surface’,

an isolated molecule, and the surface, respectively.
The oxidation of urea into CO, and N, occurs in the following consecutive

elementary steps:

CO(NHy)(aq=>CO(NH,)," Ry)
CO(NH,)," + OH —>CO(NH,NH)" + H,0 + e~ (Ry)
CO(NH,NH)™ + OH™ -CO(NH,N)* + H,0 + e~ (R3)
CO(NH,N)* + OH™-CO(NHN)" + H,0 + e~ (Ry)
CO(NHN)" + OH™ »CON," + H,0 + e~ (Rs)
CON,™ + OH™>CO™ + Ny, (Re)

CO* +OH —>COOH* + e~ (R7)

COOH™ + OH™>C0y , + H,0 +e” (Rq)
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Figure S1. XRD images of (a) Ni,Co,/NF and (b) Ni,P/NF.

Figure S2. SEM images of (a-c) Ni,Co,/NF, (d-f) Ni,P/NiCoP/NF, and (g-i) Ni,P/NF.



Figure S4. EDX spectra of Ni,P/NF.

Figure S5. EDX spectra of Ni,Co,/NF.
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Figure S6. (a) XRD images of Ni,P/NiCoP/NF with different Co salts content and (b)

different reaction time with the same reaction temperature.

Figure S7. SEM images of Ni,P/NiCoP/NF with different Co salts content under the

same other conditions (0.5 mmol (a-b), 1 mmol (c-d), and 3 mmol (e-f)).



Figure S8. Microscopy measurements of the Ni,P/NiCoP/NF at different reaction time
with the same reaction temperature of 120 °C. SEM images of Ni,P/NiCoP/NF prepared

at different reaction time (2 h (a-b), 4 h (c-d), and 8 h (e-f)).
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Figure S9. Polarization curves of Ni,P/NiCoP/NF with (a) different hydrothermal

temperature and (b) different Co salts.
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Figure S10. Double-layer capacitances of Ni,P/NiCoP/NF with (a) different

hydrothermal temperature and (b) different Co salts.
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Figure S11. The CVs of Ni,P/NiCoP/NF with different hydrothermal time ((a) 2 h, (b)

4 h, and (c) 8 h).
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Figure S12. The CVs of Ni,P/NiCoP/NF with different Co salts ((a) 0.5 mmol, (b) 1

mmol, and (¢) 3 mmol).
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Figure S13. The CV curve of (a) Ni,P/NiCoP/NF and (b) Ni,P/NF in 1.0 M KOH.
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Figure S14.The CVs of (a) Ni,P/NiCoP/NF, (b) Ni,Co,/NF, (c) RuO,/NF, and Ni,P/NF

in 1.0 M KOH containing 0.5 M urea.
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Figure S15. Electrical equivalent circuit model used for analyzing the interfacial charge

transfer. The R represents the solution resistance, the R and CPE in parallel represents

the charge transfer resistance and double layer capacitance at the electrode interface.
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Figure S16. The multistep chronopotentiometry test at different current densities.
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Figure S17. (a) The XRD patterns of Ni,P/NiCoP/NF before and after UOR stability

test, (b-c) the SEM images of Ni,P/NiCoP/NF after UOR stability test.
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Figure S18. Raman spectra of (a) Ni,P/NiCoP/NF before and (b) after UOR test.
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Figure S19. The high-resolution (a) Ni 2p, (b) O 1s, and (P 2p) XPS specter of Ni,P/NF

after the UOR stability test.
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Figure S20. (a-b) Photos depicting the setup of in situ ATR-SEIRAS experiments,

Mechanism of Ni,P/NiCoP/NF electrocatalytic urea oxidation.
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Figure S21. OCP curves before and after injection of 0.5 M Urea

Figure S22. The urea adsorption models of (a) NiIOOH-CoOOH/NF (Ni-O), (b)
NiOOH-CoOOH/NF (Ni-N), (c) NiOOH-CoOOH/NF (Co-0), (d) NiOOH-

CoOOH/NF (Co-N).



Figure S23. The urea adsorption models of (a) NIOOH/NF (Ni-O), (b) NiOOH/NF (Ni-

N), (¢) CoOOOH/NF (Co-0), (d) CoOOOH/NF (Co-N).



Table S1. EDX data of Ni,P/NiCoP/NF

Element Atomic (%)
Ni 21.1
Co 16.36
P 33.7
Table S2. EDX data of Ni,P/NF
Element Atomic (%)
Ni 45.93
P 25.03
Table S3. EDX data of Ni,Co,/NF
Element Atomic (%)
Ni 11.31
Co 15.23
0] 73.45




Table S4. Comparison of electrocatalytic organic oxidation performance of

Ni,P/NiCoP/NF with other reported catalysts.

Catalysts Concglfterz;tionl v \lf?;j.=i£(i-IE) Ref.
Ni,P/NiCoP/NF 0.5M 1.31 This work
P-NiMoO, 0.33M 1.35 6
Niz;S; @Ni; P 0.33 1.36 7
c-CoNiP,,a-P-MnO, 0.5M 1.35 8
A-NF 0.33M 1.44 ?
NiMo0O4-300/NF 0.5M 1.38 10
Co—Ni-S@NF 0.33M 1.35 1
W-NT@NF 0.33M 1.43 iz
Ni3Coy, DHs 0.33M 1.35 13
[Fe,P/Co,Pl@Mo,S3;/NF 0.5M 1.36 14
NiMoO4-H,0 0.33M 1.34 15
aFe-NiB 0.5M 1.34 1€
S-Co,P@Ni,P 0.5M 1.36 17
Ni/MNO-10 0.5M 1.43 18
P-CoNi,S, 0.5M 1.36 19

! The electrolyte was 1 M KOH with different concentrations of urea.

~ The value was obtained from the LSV curves in the corresponding paper.
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