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I XRD patterns of MoP@NiCo-LDH/NF-x

Figure S1 shows the XRD patterns of MoP@NiCo-LDH/NF-x (x=10, 20, 30
minutes). The diffraction peaks at 27.9°, 32.2°, 41.2°, 57.5°, and 74.3° correspond to
the (001), (100), (101), (110) and (201) planes of MoP (JCPDS No.24-0771). The
peaks at 11.5°, 23.0°, 35.0°, 39.2°, 39.5°, 60.8°, and 62.5° adopt to the crystal planes
(003), (006), (012), (015), (110) and (113) of NiCo-LDH (JCPDS No.40-0216)
respectively. The peaks at 44.5°, 51.8°, and 76.6° are indexed to nickel foam (NF)
(JCPDS No0.40-0850). It can be seen that the diffraction peaks in MoP@NiCo-
LDH/NF formed under different electrodeposition times are corresponded to standard

cards.
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Figure S1. XRD patterns of MoP@NiCo-LDH/NF-x.



I SEM images of NF, MoP/NF, and NiCo-LDH/NF

Figure S2 shows the SEM images of NF (a), MoP/NF (b), and NiCo-LDH/NF (c).
The inset is to show the higher magnification. It can be seen that the NF is a skeleton
with smooth surface (a, b). After MoP is grown on it, the surface is no longer smooth,
forming a structure of homogeneous block layer partition (c, d). When NiCo-LDH/NF

is formed by direct electrodeposition on base NF, the pleated and lamellar tremella

cluster structure (e, f) characteristic of LDH could be clearly seen.

Figure S2. SEM images of NF (a and b), MoP/NF (c and d), and NiCo-LDH/NF (e

and f). Inset is to show the higher magnification.



Il SEM images of MoP@NiCo-LDH/NF-x

Figure S3 (a-c) shows the SEM images of MoP@NiCo-LDH/NF-x. Obviously, all
the samples show the folded and flaky structure, but the morphology is slightly
different at different deposition times, indicating that the electrodeposition time has a
certain influence on the morphology of the catalyst. Proper deposition time can
increase the specific surface area of catalyst to a certain extent, but when the
deposition time exceeds a certain value, it has a negative effect. It can be seen from
MoP@NiCo-LDH/NF-10, the formation of uniform distribution on the base of fold
layer, as the electrodeposition time increases to 20 minutes, fold lamellas gather
themselves together, and gradually form fold tremella clusters, which can increase the
specific surface area. But when time increases to 30 minutes, this kind of tremella
clusters gradually gather together, form a dense compact clusters of tremella shape,
which reduces the specific surface area. MoP@NiCo-LDH/NF-20 has the larger

specific surface area, which has the relatively more active sites on the surface.
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Figure S3. SEM images of MoP@NiCo-LDH/NF-x.



IV EDX spectrum of MoP@NiCo-LDH/NF-20

Figure S4 shows EDX spectrum of MoP@NiCo-LDH/NF-20. It can be seen from
the figure that MoP@NiCo-LDH/NF-20 is composed of four elements (except the C
and O elements in the air), including Mo, P, Ni, and Co. The interpolated table shows
the elements atom ratio from EDX investigation. And the proportion content of each
element in the material is different from that of the initial quantity (because of the
existence of the substrate, all the inputs in the solution cannot completely grow on the
substrate). Among them, the molar ratio of Mo and P is not 1:1, because Mo/NF is
first generated in NF, and then after phosphating to produce MoP/NF, only the surface

of Mo precursor/NF can be phosphated.
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Figure S4. EDX spectrum of MoP@NiCo-LDH/NF-20.



V LSV curves and Nyquist plots of MoP@NiCo-LDH/NF-x

Figure S5 (a-b) shows LSV curves for the UOR (a) and HER (b) of MoP@NiCo-
LDH/NF-x. It can be seen from the figure that as the potential increases, the current
density also increases gradually. At any of the same potentials in the interval, the
MoP@NiCo-LDH/NF-20 has a higher current density, indicating that the
MoP@NiCo-LDH/NF-20 has the better catalytic performance. Figure S5(c) shows
Nyquist plots of MoP@NiCo-LDH/NF-x in the frequency range of 1-10° Hz. It is
clear that MoP@NiCo-LDH/NF-20 has a minimum R, indicating a faster charge
transfer rate, which may also be the reason why MoP@NiCo-LDH/NF-20 has better

UOR and HER catalytic performance.
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Figure S5. LSV curves for the UOR (a) and HER (b) of MoP@NiCo-LDH/NF-x.
(c)Nyquist plots of MoP@NiCo-LDH/NF-x in the frequency range of 1-10° Hz. Inset

is an equivalent circuit.



VI UOR and HER performance data at 100 mA cm-

Table S1. UOR and HER performance data at 100 mA c¢cm

UOR HER Cell
Ca
Voltag R
Materials Potential | Tafel slope | Potential | Tafel slope (mF cm- ©
e
V) | mVdee) | mv) | mV dee?) %)
V)
NF >1.56 50 495 189 - - 10.3
MoP/NF 1.404 44 326 152 1.494 353 5.1
NiCo-LDH/NF 1.429 47 373 165 1.579 10.1 7.3
MoP@NiCo-LDH/NF-20 1.392 40 255 145 1.405 70.1 32
IrO,/NF 1.625 82 - - - -
1.708%*
Pt/C/NF - - 170 49 - -

*1.708 V is the cell voltage of Pt/C/NF||[IrO,/NF.

Table S1 shows the UOR and HER performance data of NF, MoP/NF, NiCo-
LDH/NF, MoP@NiCo-LDH/NF-20, IrO,/NF, and Pt/C/NF at 100 mA cm?. The
electrode potentials of NF, MoP/NF, NiCo-LDH/NF, MoP@NiCo-LDH/NF-20, and
IrO,/NF towards UOR are >1.56, 1.473, 1.404, 1.429, 1.932, and 1.625 V. The Tafel
slopes of NF, MoP/NF, NiCo-LDH/NF, MoP@NiCo-LDH/NF-20, and IrO,/NF
towards UOR are 50, 48, 44, 47, 40, and 82 mV dec’!. The electrode potentials of NF,
MoP/NF, NiCo-LDH/NF, MoP@NiCo-LDH/NF-20, and Pt/C/NF towards HER are
495, 419, 326, 373, 255, and 170 mV. The Tafel slopes of NF, MoP/NF, NiCo-
LDH/NF, MoP@NiCo-LDH/NF-20, and Pt/C/NF towards HER are 189, 171, 152,
165, 145, and 49 mV dec!. The driving voltages of MoP/NF|MoP/NF, NiCo-
LDH/NF|NiCo-LDH/NF, MoP@NiCo-LDH/NF-20||MoP@NiCo-LDH/NF-20, and

Pt/C/NF||IrO,/NF are 1.494, 1.579, 1.405, and 1.708 V. The Cg4 values of



MoP/NF|MoP/NF, NiCo-LDH/NF|NiCo-LDH/NF, and MoP@NiCo-LDH/NF-20||
MoP@NiCo-LDH/NF-20 are 35.3, 10.1, and 70.1 mF-cm2. The R values of
MoP/NF|MoP/NF, NiCo-LDH/NF|NiCo-LDH/NF, and MoP@NiCo-LDH/NF-20||
MoP@NiCo-LDH/NF-20 are 5.1, 7.3, and 3.2 Q. It is clear that only when MoP,
NiCo-LDH, and NF are combined at the same time, will the material have the best
catalytic performance and be superior to the noble metal catalyst (IrO,/NF and
Pt/C/NF). And the two-electrode electrolyser MoP@NiCo-LDH/NF-20|[MoP@ NiCo-

LDH/NF-20 has the best catalytic performance.



VI Comparison of the catalytic performance for several recently reported

catalysts at 100 mA cm2.

Table S2 shows the comparison of the catalytic performance for several recently
reported catalysts at 100 mA cm? (potentials vs. RHE). The potentials of
MoP@NiCo-LDH/NF-20 for UOR, HER, and cell in 1.0 M KOH with 0.5 M urea are
1.392 V, 255 mV, and 1.31 V. The potentials of HC-NiMoS/Ti for UOR, HER, and
cell in 1.0 M KOH with 0.33 M urea are 1.40 V, 180 mV, and 1.80 V. The potentials
of NiFeCo-LDH/NF for UOR, HER, and cell in 1.0 M KOH with 0.33 M urea are
1.438 V, 252 mV, and 1.64 V. The potentials of Fe,Co, \P/NF for UOR, HER, and
cell in 1.0 M KOH with 0.5 M urea are 1.40 V, 208 mV, and 1.62 V. The potentials of
Ni-CogSg/CC for UOR, HER, and cell in 1.0 M KOH with 0.33 M urea are 1.44 V,
300 mV, and 1.73 V. The potentials of Ni,P/Fe,P/NF for UOR, HER, and cell in 1.0
M KOH with 0.5 M urea are 1.46 V, 340 mV, and 1.68 V. The potentials of Cog -
Ni(OH),/CF for UOR, HER, and cell in 1.0 M KOH with 0.5 M urea are 1.38 V, 230
mV, and 1.64 V. The potentials of Fey; 10,-Ni3S,/NF for UOR, HER, and cell in 1.0 M
KOH with 0.33 M urea are 1.439 V, 250 mV, and 1.80 V. The potentials of
NiCo0,S,4/CC for UOR, HER, and cell in 1.0 M KOH with 0.33 M urea are 1.55V, 310
mV, and 1.60 V. The potentials of Ni;N/CC for UOR, HER, and cell in 1.0 M KOH
with 0.33 M urea are 1.53 V, 350 mV, and 1.68 V. The potential of CoFeCr LDH/NF
for UOR in 1.0 M KOH with 0.33 M urea is 1.41 V. The potentials of Ni;N/N for
UOR, HER, and cell in 1.0 M KOH with 0.5 M urea are 1.40 V, 250 mV, and 1.42 V.
The potentials of N-NiS/NiS, for UOR, and cell in 1.0 M KOH with 0.33 M urea are
1.42 V, and 1.52 V. Obviously, the potential of MoP@NiCo-LDH/NF-20 is lower

than that of the other catalysts, indicating its activity is the best.



Table S2 Comparison of the catalytic performance for several recently reported

catalysts at 100 mA cm2.

UOR HER Cell
Catalysts Electrolyte Refs.
Potential (V) Potential (mV) Voltage (V)
MoP@NiCo- .
1.0 M KOH with 1.392 255 131 This work
LDH/NF-20 0.5 M urea
HC-NiMoS/Ti LB BEDLE i 1.40 180 1.80 1
0.33 M urea
NiFeCo-LDI/NF ‘0 MKOH with 1.438 252 1.64 2
0.33 M urea
Fe,Coy.P/NF LD Bl BEDLE i 1.40 208 1.62 3
0.5 M urea
Ni-C0ySg/CC 1.0 M KOH with 1.44 300 1.73 4
0.33 M urea
Ni,P/Fe,P/NF LE S IO i 1.46 340 1.68 5
0.5 M urea
Cooa6-Ni(OH),/cF -0 MKOH with 138 230 1.64 6
0.5 M urea
FoynNisSyNE L0 M KOk with 1.439 250 18 7
0.33 M urea
NiC0,S,/CC 1.0 MKOH with 155 310 1.60 8
0.33 M urea
NisN/CC LEIEEbLs s 1.53 350 1.68 9
0.33 M urea
CoFeCr LDH/NF -0 MKOH with 1.41 ; ] 10
0.33 M urea
Ni;N/NF LB EERLs sl 1.40 250 1.42 1
0.5 M urea
N-NiS/NiS, 1.0 M KOH with 142 - 1.62 12

0.33 M urea




VI CV curves and estimated Cg values of MoP/NF,

MoP@NiCo-LDH/NF-x
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Figure S6. CV curves (a-c) and estimated Cy values from the corresponding
relationship between the current at 1.19 V and the scan rate (d-f) of MoP/NF, NiCo-
LDH/NF, and MoP@NiCo-LDH/NF-x in 1.0 M KOH with 0.5 M urea, respectively.
Figure S6 (a, ¢ e, g and i) shows CV curves of MoP/NF, NiCo-LDH/NF, and
MoP@NiCo-LDH/NF-x from 5 to 50 mV s'. As the sweep speed increases, the
current density increases. Figure S6 (b, d, f, h, and j) shows Cg4 values of MoP/NF,
NiCo-LDH/NF, and MoP@NiCo-LDH/NF-x from the corresponding relationship
between the current density difference and the scan rates from 5 to 50 mV s!in 1.0 M
KOH with 0.5 M urea (at 1.19 V). It can be measured by the cyclic voltammetry
(CV). The figures presented different catalyst MoP/NF, NiCo-LDH/NF, and

MoP@NiCo-LDH/NF-x (x=10, 20, and 30 minutes) corresponding Cgy values are



35.3, 10.1, 61.5, 70.1, and 51.8 mF cm?. Obviously, the MoP@NiCo-LDH/NF-20
with maximum Cg;, showing that it has a larger specific surface area, this may be due
to the special catalyst materials related to the morphology. Fold lamella tremella
clusters with greater specific surface area, compared to NiCo-LDH/NF, have more
active sites exposure due to the coordination of polymetallic compounds in the design

and synthesis process.



IX SEM, TEM, and STEM-EDX mapping images of MoP@NiCo-LDH/NF-20

after electrolysis for 20 hours

Figure S7 shows SEM, TEM, and STEM-EDX mapping images of MoP@NiCo-
LDH/NF-20 after electrolysis for 20 hours in 1 M KOH with 0.5 M urea. As shown in
figure, the catalyst after electrolysis still presents a folded lamellar tremella, and all
the elements are evenly distributed. By comparing SEM, TEM and scanning maps

before electrolysis (Figure 3), it is found that after electrolysis, the physical

morphology of the catalyst hardly changes, indicating the durability of the catalyst.

ks

Figure S7. SEM, TEM, and STEM-EDX mapping images of MoP@NiCo-LDH/NF-

20 after electrolysis for 20 hours in 1 M KOH with 0.5 M urea.



X XPS of Mo 3d, P 2p, Ni 2p, and Co 2p elements of MoP@NiCo-LDH/NF-20

after long-term urea-water electrolysis

Figure S8 shows XPS spectra of Mo 3d (a), P 2p (b), Ni 2p (c), and Co 2p (d)
elements of MoP@NiCo-LDH/NF-20 after long-term urea-water electrolysis in 1 M
KOH with 0.5 M urea. Even though the diffraction peaks are slightly offset, they still
correspond to their respective substances. As can be seen from the figure, the peak

before and after electrolysis is not significantly offset.

a Experimental Mo 3d Experimental P 2p
—— Fitting ft. b Fitting
MoO alter P> after
5 p,, (MoP)
—_ Mo 3d,, ~_ o
=' —NIOO3 I Mo 3d3/2 = —P2p,, (MoP) PNO
< il < |—rozp 3
=y =y
z 2
= o)
- =
= =

235 240 126 129 132 135 138

Binding Energy (eV) Binding Energy (eV)
Experimental Ni2 Experimental Co 2
c — Fitting p d Fitting p
Ni* N after Co* Co™ after
. ~~
’;\ Satellite peak. Ni . =,: Co Zp
= < 002 Pz
~ N’ 4 [13/ ;
) : 2
= = ¥
o— o p— o
z &
= )
g N
= =
[l o]

8;0 8%0 8;0 8é0 7é0 750 860 810
Binding Energy (eV) Binding Energy (eV)

Figure S8. XPS spectra of Mo 3d (a), P 2p (b), Ni 2p (c), and Co 2p (d) elements of

MoP@NiCo-LDH/NF-20 after long-term urea-water electrolysis in 1 M KOH with

0.5 M urea.
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