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Experimental Section
Catalyst synthesis
[bookmark: OLE_LINK4][bookmark: OLE_LINK3][bookmark: _Hlk42092972][bookmark: OLE_LINK87]The FCND on NF was synthesized by a one-step hydrothermal method. The clean Ni foam (2.0 cm × 3.0 cm) was put into a solution (40 mL) including 1 mmol FeSO4·7H2O, 1 mmol Co(NO3)2·6H2O, 3.5 g Na2S, 0.1 g urea and 0.04 g Na3C6H5O7∙2H2O, and then transferred into a Teflon-lined stainless steel autoclave. After heating 12 h at 160 oC, the sample was taken out and cleaned with deionized water and dried. The ND, FND, and CND electrode materials were also prepared by the same method, but with different amounts of FeSO4·7H2O, Co(NO3)2·6H2O. The preparation of ND electrode materials does not require the addition of FeSO4·7H2O and Co(NO3)2·6H2O. The preparation of FND electrode materials only needs to add 1 mmol of FeSO4·7H2O. The preparation of CND electrode materials only requires the addition of 1 mmol of Co(NO3)2·6H2O.

Material characterizations
[bookmark: _Hlk42095801]The catalysts structure and compositions were measured with X-ray diffraction (XRD, Bruker D8). The field emission scanning electron microscopy (FE-SEM, JEOL-7100F) and transmission electron microscopy (TEM, JEM-2100F) were recorded on surface morphologies of catalysts. The valence states of elements of the samples were measured by an X-ray photoelectron spectroscopy (XPS, VG MultiLAB 2000). The Raman measurements were recorded using a HORIBA HR EVO Raman system (633 nm laser) and an electrochemical workstation (CHI 760D). The potential-dependent in-situ Raman spectra were recorded with interval potential of 25 mV and meanwhile the LSV measurements were carried out at 1.1-1.6 V and 0.25 mV s-1 in 1.0 M KOH.

Electrochemical measurements
[bookmark: _Hlk26960995][bookmark: OLE_LINK82][bookmark: OLE_LINK83]Electrochemical measurements were made at an electrochemical workstation (CHI 760D). The electrocatalytic performance of FCND was studied in a three-electrode system in 1.0 M KOH. A Hg/HgCl (saturated KCl) electrode and a carbon rod were used as the reference electrode and counter electrode, respectively. The calibration of the reversible hydrogen electrode (RHE) potential is as follows: E vs. RHE = measured value (vs. Hg/HgCl) + 0.2412 + 0.0591 pH. For comparison, the electrocatalytic activities of NF, ND, FND, CND, and IrO2/C electrode were also tested under the same conditions.
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Fig. S1. SEM images of CND nanorods (a-c) and FND nanosheets (e-g) at different magnification.
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Fig. S2. XRD patterns of ND, CND, and FND.
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Fig. S3. Raman spectra of ND.
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Fig. S4. XPS survey peaks of ND and FCND. 
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Fig. S5. Ni 2p XPS spectra of ND.
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Fig. S6. S 2p XPS spectra of ND.
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Fig. S7. Onset potential of (a) NF, (b) ND, (c) CND, (d) FND, (e) FCND, and (f) IrO2/C electrodes in 1.0 M KOH solution.
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Fig. S8. Cyclic voltammograms curves in the double layer region at scan rate of 2, 4, 6, 8 10, 12 mV s-1 (along the arrow direction) of (a) ND and (b) FCND. 




[image: ]
Fig. S9. Nyquist plots of NF, ND, and CND, FND, FCND, and IrO2/C electrodes. 
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Fig. S10. Nyquist plots of FCND electrodes before and after 50 h reaction.
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Fig. S11. SEM image of FCND nanorods at different magnification after 50 h reaction.
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Fig. S12. The LSV curves of ND before and after 50 h reaction.
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Fig. S13. Nyquist plots of ND electrodes before and after 50 h reaction. 


image3.jpeg
3251 3722

500

('n

e) Aysuaju)

100

A

Raman shift cm )




image4.jpeg
Intensity (a.u.)

——ND
——FCND Ni2p OKLI
0 200 400 600 800 1000

Binding energy (eV)




image5.jpeg
Intensity (a.u.)

satellite

860 865 870
Binding energy (eV)





image6.jpeg
S2p

Metal Sulfide Metal Sulfate

Intensity (a.u.)

158 160 162 164 166 168 170 172 174
Binding energy (eV)




image7.jpeg
dos Co5
ND CND
0.4 0.4
= ~1.539 V vs. RHE & ~1.569 V vs. RHE
s =
s = F0.3
Lo3 =
£ H
H 3
2 0.2
202 g
g
5 3
] 0.1
0.1
. v 0.0 - i i 0.0 T r T
-1.0 05 00 05 10 1.0 05 0.0 0.5 1.0 1.0 05 0.0 0.5 1.0
Log[J(mA cm™?)] Log[}mA cm?)] Log[J(mA cm™)]
d°s e 05
FND FCND o /c
0.4 o4
g ~1.529 V vs. RHE 2z g
F0.3 c s K]
s = £ 03 £
= - H
S g 1.47 Vvs. RHE H
202 g ., 2
: &° :
0.1
0.1
0.0 g v v v 00
-1.0 05 0.0 05 1.0 15 10 05 00 05 10 15 20 1.0 0.5 0.0 0.5 1.0
Log[J(mA cm?)] Log[J(mA cm™)]

Log[J(mA cm?)]




image8.jpeg
Current density (mA cm?)

1.8 b s
& 64 FCND
1.24 £
4
<
0.6 £ >
0.0 %' 0
o
—2mv 3 -2 —2mv
-0.61 —_—amV = —Aa4mV
= | B =k
-1.24 e § MV I=- —
= —Bm
1.8 =—izmy 8 — y ' —
134 135 136 137 138 139 140 1.41 134 135 1.36 1.37 1.38 1.39 1.40 1.41

Potential (V vs. RHE) Potential (V vs. RHE)




image9.jpeg
—s—NF
—e&—ND
25 A
—v—FND
2.04 ——FcND
—+—1r0,IC

-Z" (ohm)

0.0 T "r T T
00 05 1.0 15 20 25 3.0
Z' (ohm)





image10.jpeg
20

1.5

-Z" (ohm)

0.5

—&— Initial
—@— After 50 h reaction

0.0
0.0

0.5 1.0 15
Z' (ohm)

2.0




image11.jpeg




image12.jpeg
~
o
H

o
i=3
I

[
o
I

o
X

N
a

Initial
After 50 h reaction

-
N

T
13

174 1f5 1:6 177
Potential (V vs. RHE)

1.8




image13.jpeg
-Z" (ohm)

—=— Initial
—e— After 50 h reaction

2 3
Z' (ohm)

-





image1.jpeg
[ l..a'm{:a /p\ A\, Awafi=

Y= ‘}‘ \5 %ﬁ".‘f’\:

|4
Ry IS0

— iRy -




image2.jpeg
(zzn)
(€11

¢ Ni
ND
CND

@07) J

(£00)
(or1)

(101)

FND

PDFi44-1418

7‘0 80

50
2 Theta (degree)

20

('n"e) Aysuayu|

10




