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Glassy carbon electrode preparation:

The preparation process of electrode is similar to that of carbon cloth electrode.
3.0mg of catalysts were dispersed in a mixed solution cintaining 400uL ethanol and
20uL 5% Nafion solution and then sonicated for 2h. Subsequently, 5 pL of catalyst ink
was dropped on glassy carbon electrode (effective working area, 0.071 cm™2 ) and dred

at room temperature.

Supplementary figures

Figure S1. SEM image of precursors/CNT.
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Figure S2. XRD patterns of NigaCoga-NiyCo/CNT.

Figure S2 shows the XRD diffraction patterns of NigaCoga-NixCo/CNT. It can be
seen from the figure that the diffraction peaks of NigaCoga-NisCo/CNT, NigaCoga-
NijgCo/CNT, NigaCoga-NizgCo/CNT, NigaCoga-NisgCo/CNT and NigaCoga-
Ni;goCo/CNT are almost the same, which can match to C and Ni. The radius of Ni and
Co atoms are close to each other, so the diffraction peaks will not shift obviously after
forming the alloy. In addition, it can be seen from the figure that the diffraction peak
intensity of the alloy is lower than that of the C peak, indicating that the size of the alloy

particles is small.
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Figure S3. a) SEM image of CNT after acid treatment. b) SEM image of NigyFega-

NisoFe/CNT precursor reduced by NaBH,. ¢) SEM image of NigaCoga-NijgCo/CNT.
d) TEM image OfNiSACOSA-Nil()CO/CNT.

Figure S3a and b show the SEM images of CNT after acid treatment and
precursor/CNT after NaBH, reduction, respectively. The low concentration of the
reducing agent provides a reducing environment, which makes Ni**, Fe3*, Co** and
PVP adsorb on the defects of CNT and form small nucleation sites. The SEM and TEM
images of NigaCosa-NijgCo/CNT are shown in Figure S3c and d, respectively. It can
be seen from the figures that the size of Ni;(Co alloy nanoparticles is uniform, and the

size is about 10nm.



Figure S4. a) SEM image of Niga-Ni/CNT. b) TEM image of Niga-Ni/CNT. ¢) SEM
image of NigaFesa-NisFe/CNT. d) TEM image of NigaFega-NisFe/CNT. ) SEM image
OfNiSACOSA-Ni5CO/CNT. f) TEM image OfNiSACOSA-Ni5CO/CNT.

The SEM and TEM images of Niga-Ni/CNT, NigaFega-NisFe/CNT and NigaCoga-
NisCo/CNT are shown in Figure S4. It can be seen from these figures that the
morphologies of Niga-Ni/CNT, NigaFesa-NisFe/CNT and NigaCoga-NisCo/CNT are
similar to that of NigaFesa-NisoFe/CNT. The coating rate on CNT wall and the particle

size of nanoalloy are also the same.



Figure S5. a) SEM image of NigaFesa-NijgFe/CNT. b) TEM image of NigaFega-
Ni;oFe/CNT. ¢) SEM image of NigaCosa-NisgCo/CNT. d) TEM image of NigaCoga-
N15()CO/CNT

The SEM and TEM images of NigaFega-NijgFe/CNT and NigyCoga-NisgCo/CNT are
shown in Figure S5. It can be seen from these figures that the morphologies of
NigaFega-NijgFe/CNT and NigaCoga-NisgCo/CNT are similar to that of NigaFega-
NisoFe/CNT. The coating rate on CNT wall and the particle size of nanoalloy are also

the same.



Figure S6. a) SEM image of NigaFesa-NizgFe/CNT. b) TEM image of NigaFega-
Ni3oFe/CNT. ¢) SEM image of NigaCosa-NizgCo/CNT. d) TEM image of NigaCoga-
N130CO/CNT

The SEM and TEM images of Nis AFCS A-Ni30FC/ CNT and Nis ACOS A-Ni3()C0/ CNT are
shown in FigureS6. It can be seen from these figures that the morphologies of NigyFega-
NizgFe/CNT and NigpCoga-NizgCo/CNT are similar to that of NigaFega-NisgFe/CNT.

The coating rate on CNT wall and the particle size of nanoalloy are also the same.



Figure S7. a) SEM image of NigaFesa-NijgFe/CNT. b) TEM image of NigaFega-
Ni;oFe/CNT. ¢) SEM image of NigaCosa-NizqCo/CNT. d) TEM image of NigaCoga-
N170C0/CNT

The SEM and TEM images of NigaFega-Ni;gFe/CNT and NigaCoga-NizgCo/CNT are
shown in Figure S7. It can be seen from these figures that the morphologies of
NigaFega-Ni7gFe/CNT and NigaCoga-Ni7gCo/CNT are similar to that of NigaFega-
NisoFe/CNT. The coating rate on CNT wall and the particle size of nanoalloy are also

the same.



Figure S8. a) SEM image of NigaFesa-NijgoFe/CNT. b) TEM image of NigaFega-
NijgoFe/CNT. ¢) SEM image of NigaCosa-Nijg0Co/CNT. d) TEM image of NigaCoga-
Nilo()CO/CNT.

The SEM and TEM images of NigaFega-NijgoFe/CNT and NigaCoga-NijooCo/CNT
are shown in Figure S8. It can be seen from the figure that the morphologies of
NigaFega-NijgoFe/CNT and NigaCoga-NijggCo/CNT are similar to that of NigaFega-
NisoFe/CNT. The coating rate on CNT wall and the particle size of nanoalloy are also

the same.
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Figure S9. OER performance of NigaFesa-NixFe/CNT and RuO, loaded on glassy
carbon electrode.

Figure S9 shows the OER properties of NigaFesa-NixFe/CNT with different
proportions of Ni/Fe and RuO, loaded on glassy carbon electrode. It can be seen from
the figure that the intrinsic OER catalytic performance of NigaFega-NisoFe/CNT is the

best among the NigaFega-NiyFe/CNT.
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Figure S10. OER performance of NigaCosa-NiyCo/CNT loaded on glassy carbon
electrode.

Figure S10 shows the OER properties of NigaCosa-NixCo/CNT with different
proportions of Ni/Co loaded on glassy carbon electrodes. According to the figure,

NigaCosa-NijgCo/CNT has the best intrinsic OER catalytic performance among

NiSACOSA—NiXCO/CNT.
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Figure S11. The exploring result of the optimal load for carbon cloth

Figure S11 is the result of the investigation of the optimal loading capacity for
NigaFesa-NisoFe/CNT on the carbon cloth. It can be seen from the figure that the

optimal loading capacities is 2 mg cm.
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Figure S12. The Tafel slope comparison of NigaFega-NiyFe/CNT and NigaCoga-

Ni,Co/CNT




Figure S13. SEM images of NigyFesa-NisoFe/CNT loaded on carbon cloth electrode.

Figure S13 is the SEM images of NigaFesa-NisoFe/CNT loaded on carbon cloth
electrode. It can be seen from these figures that NigaFegsa-NisoFe/CNT is tightly coated
on the carbon fiber. The bonded carbon nanotubes and carbon fibers can be used as
electron migration pathways in the catalytic process to improve the kinetic speed of the

catalyst.
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Figure S14. HER properties of NigaFesa-NigFe/CNT and NigaCoga-NixCo/CNT
loaded on glassy carbon electrode.

Figure S14 shows the HER properties of NigaFesa-NiyFe/CNT and NigaCogsa-
NiCo/CNT with different proportions of Ni/Fe and Ni/Co loaded on glassy carbon
electrodes. It can be seen from these figures that NigaFesa-NisoFe/CNT has the best
intrinsic HER catalytic performance among NigaFesa-NixFe/CNT, and NigaCoga-
NisCo/CNT has the best intrinsic HER catalytic performance among NigaCoga-

Ni,Co/CNT.
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Figure S15.The Tafel slope comparison of NigaFega-NiyFe/CNT and NigaCoga-

Ni,Co/CNT
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Figure S16. Schematic diagram of free energy model of NiFe,/CNT in different
proportions and volcanic pattern diagram of overpotential a) Ni/CNT. b) Ni;,Fe/CNT.
¢) Nij1Fep/CNT. d) NigFes/CNT. e) NigFe;/CNT. f) Overpotential volcanic patterns of
Ni/CNT, NijpFe/CNT, Nij Fe,/CNT, NijoFes/CNT, NigFes/CNT and NigFe;/CNT

The free energies of Ni/CNT, Ni;,Fe/CNT, Ni;;Fe,/CNT, NigFes/CNT and
NigFe;/CNT are shown in Figure S16a-e. It can be seen from these figures that the rate-
determining step of Ni/CNT, Ni;;Fe/CNT, Ni;;Fe,/CNT, NigFes/CNT and NigFe;/CNT
is the third step. Figure S14f shows the volcanic pattern for overpotentials of Ni/CNT,
Ni;pFe/CNT, Ni;;Fe,/CNT, NigFes/CNT and NigFe;/CNT. It can be seen from the

figure that the overpotential of Ni;(Fe;/CNT is the lowest.
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Figure S17. The LSV curves of NigaFega-NisogFe/CNT () electrolyzer with positive
scanning (from low voltage to high voltage)
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Figure S18. The CV curves of NigaFega-NisgFe/CNT (-2 electrolyzer at the scan rate
of 20, 40, 60, 80 and 100 mV s™!



Figure S19. Morphologies of oxidized and re-reduced NigyFesa-NisogFe/CNT. a, b)
SEM and TEM image of oxidized NigaFesa-NisoFe/CNT. ¢, d) SEM and TEM images
of NigsFega-NisgFe/CNT after re-reduction.

It can be seen from these figures that the morphologies of the oxidized and re-reduced

NigaFesa-NisoFe/CNT has no obvious change compared with the original one.



Supplementary Table S1. EXAFS fitting parameters at the Fe and Ni K-edge for

various samples.

Sample Shell CN® R(AY (A2 AEogeV) R factor

Fe K-edge (S;2=0.703)

Fe-Fe 8* 2.47+0.01 | 0.0048+0.0003
Fe foil 7.4x1.2 | 0.0020
Fe-Fe 6* 2.85+0.01 | 0.0066+0.0009

Fe in Fe-O 1.740.6 | 2.07+0.01 | 0.0069+0.0006

1\1111'8 Al;e?Ac_ Fe- 5.2+8.8 | 0.0073
150t @ .| 3.6£0.3 | 2.68+0.01 | 0.0057+0.0016
NT Fe/Ni

Ni K-edge (Sy’=0.824)

Ni foil Ni-Ni 12* 2.48+0.01 | 0.0061+0.0003 | 7.2+0.4 | 0.0018

Ni in Ni-O 3.2+1.0 | 2.08+0.01 | 0.0025+0.0001

I\Iill'SAllze?AC- Ni- 2.9+2.5 | 0.0152
1507 € . 9.6+£3.2 | 2.54+0.02 | 0.0105+0.0034
NT Ni/Fe

aCN, coordination number; °R, distance between absorber and backscatter atoms; ‘o2,
Debye-Waller factor to account for both thermal and structural disorders; AE, inner
potential correction; R factor indicates the goodness of the fit. Sy> was fixed to 0.703
and 0.824, according to the experimental EXAFS fit of Fe foil and Ni foil by fixing CN
as the known crystallographic value. Fitting range: 3.0 <k (/A)<12.4and 1.0<R (A)
< 3.0 (Fe foil and Ni foil); 2.0 <k (/A)<9.0 and 1.0 <R (A) < 3.0 (Fe); 2.0 <k (/A) <
10.0 and 1.1 <R (A) <3.0 (Ni). A reasonable range of EXAFS fitting parameters: 0.700
< 8,2 <1.000; CN > 0; 0> 0 A2; AE;< 10 eV; R factor < 0.02.




Supplementary Table S2. Comparison of the overall-water-splitting activities among
different earth-abundant electrocatalysts tested in 1 M KOH. njg, Moo and maoo
correspond to the overpotentials of the overall water splitting cell operated at 10, 100,
and 400 mA cm2, respectively. J; ¢15 v represents the current density at a cell voltage
of 1.615 V.

J
N400 1.615V
Electrolyzers [121\07] [2:% [mA Reference
[mV]  cm??|
NisaFesaNioFelCNT 450 340 4g1 162 Our work
Nature
Ni-Fe NP (*:) 240 525* NA 14* Communication,
2019(10):5599!
Energy &
) Environmental
(+a ') %
Cu@NiFe LDH 310 460 NA 48 Science, 2017(10):
1820-18272
Advanced Functional
Co-NC@CC ) 340 NA NA 12* Materials, 2021,
20098533

Co, Nb-MoS,/Ti0,
HSs ()

Nano Energy 82

* %
360 914* NA 12 (2021) 105750*

ACS Applied
Materials &
Interfaces, 2016(8)
35390-35397°

FeNi@N-CNT ¢~ 370 845* NA 13*

Advanced Energy
430 NA NA 5* Materials, 2017,
17002206

NiFe-PVP||NiMo-
PVP

Advanced Energy
Ni,Fe;-O ) 430 NA NA 7% Materials, 2017,
17013477

ACS Catalysis,

- 1 (+a ') *
FeCo-FeCoN1 457 NA NA 3 2017(7) 469—479¢

* The value is calculated from the curves shown in the literature.
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