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Fig. S1 The electrochemical preparation processes of N7CF-phy (a) and F-phy (b).
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Fig. S2 The photographs of bare IF and N7CF-phy.
Table S1 Some physical properties of the bare IF and the N7CF-phy. The interfacial contact area is 
estimated with the electrochamical active surface area in Fig. S9 and the charge transfer 
resistance is corresponding to the conductivity. The corresponding fitted data and equivalent 
circuit diagram are shown in Fig. S3. 

Electrodes Porosity
Electrochemical Active 

Surface Area
Rct (Charge Transfer 

Resistance) (Ω)

IF 60% 1.382 mF cm-2 158

N7CF-phy ~60% 7.798 mF cm-2 0.5

Fig. S3 The EIS data and their fitting data of the N7CF-phy and bare IF electrodes.



Fig. S4 The SEM images of F-phy .

Fig. S5 XRD images of the electrodes.
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Fig. S6 (a) ATR-IR spectrum and the (b) O1s XPS image of N7CF-phy.

Fig. S7 The OER and HER performances of electrodes.

 

Fig. S8 The corresponding Tafel slopes of electrodes in Figure 3a and 3c.



Fig. S9 Electrochemical double-layer capacitance measurements of various 
electrodes at the scan rates of 5, 10, 20, 50 and 100 mV s-1 in 1 M KOH and the linear 
fitting curves of the charged currents at 0.98 V of each electrode vs. scan rates.



The calculation of faradaic efficient:
At first, the chronopotentiometric measurement was applied to the three-electrode 
system, with the gas-collecting method to gather the volume of the generated O2 
and H2 in saturated solution of oxygen. The state equation of gas (PV=nRT, normal 
temperature and pressure) was used to obtain the molar of actual gas. Comparing to 
the theoretical gas yield, the corresponding faradaic efficient image is shown in Fig. 
S10.

Fig. S10 Faradaic efficient of the electrode at a constant current density of ±80 mA 

cm–2 in 1.0 M KOH.

Fig. S11 (a,b) SEM images of N7CF-phy after OER and HER stability measurement.



Fig. S12 (a-g) XPS images of N7CF-phy after OER stability measurement.

Fig. S13 (a-g) XPS images of N7CF-phy after HER stability measurement.



Fig. S14 The Raman spectra of N7CF-phy after OER durability.

After OER durability, the peaks at 474 and 554 cm−1 corresponding to NiOOH. [1] Fe2O3 peak located at 508 and 
606 cm−1, and the peaks at 661 and 690 cm−1 belong to FeOOH species.[2] The peaks at 480 cm−1, 617 cm−1 and 
687 cm−1 are corresponding to Co3O4.[3] A broad peak in the region of 900~1200 cm−1 is assigned to ν(O−O) of an 
active oxygen species MOO−.[4]

Fig. S15 The Raman spectra of N7CF-phy after HER durability.

After HER durability, The peaks at 479 and 555 cm−1 are assigned to M-O species of NiOOH species, and the peaks 
at around 592 cm−1 belong to vibration of Ni(OH)2, and around 515 cm−1 belongs to Fe(OH)3. [2,4,5] The peaks at 
488 cm−1, 618 cm−1 and 661 cm−1 belong to Co3O4. [6]



Fig. S16 The EDS pattern of N7CF-phy after OER durability.

Fig. S17 The EDS pattern of N7CF-phy after HER durability.



Table S2. Comparisons of the various OER catalysts in 1 M KOH according to the reports and this 
paper.

Catalysts Substrate
Tafel 
slope

Current 
density (J, 
mA cm-2)

η at 
correspondi

ng J (mV)
Stability Ref

NiCo-LDH
Carbon 
paper

40 10 367
An increase of 22 mV after 6 hours' 

electrocatalysis at 10 mA
7

Ni/Ni3N NF 60 10 ~322
~ 96% current density retention after 12 

hours' electrocatalysis at 100 mA cm-2
8

NiFe NF 28
80

100
270
370

~ 100% current density retention after 
10 hours' electrocatalysis at 100 mA cm-

2

9

NiS NF 89 50 335
~ 100% current density retention after 

35 hours' electrocatalysis at 13 mA cm-2
10

NiSe NF 64 100 314
~ 99% current density retention after 12 

hours' electrocatalysis at 100 mA cm-2
11

Ni1.5Fe0.5P
Carbon 
paper

55
10
20

264
280

current density almost unchanged after 
1000 cycles

12

NiFe-P NF 88
20

200
204
376

ηeven lower than the initial value 
after 12 h galvanostatic catalysis

13

NiP NF 23 191 350
From 1.33V gradually increases to 1.45 
V vs. RHE after 0.2 h, and then remains 
fairly stable at this potential up to 26 h

14

MoP NF 56.6 10 265
After 1000 continuous CV cycles, the 

polarization curve only deviates slightly 
from the initial one

15

NiFeP NF 87 10 280
slightly increases from 1.51 to 1.53 V 
versus RHE after 24 h at 10 mA cm-2

16

N7CF-phy IF 31
20

100
200

224
267
275

99% current density retention after 66 
and 22 hours' electrocatalysis at 500 

and 100mA cm-2

This 
work

F-phy IF 58
100
200

399
409

~ 98% current density retention after 20 
hours' electrocatalysis at 100 mA cm-2

This 
work



Table S3. Comparisons of the various HER catalysts in 1 M KOH according to the reports and this 
paper.

Catalyst Substrate
Current density 

(J, mA cm-2)
η at corresponding J 

(mV)
Reference

NiS NF 20 158 10

NiSe NF 50 182 11

Ni2.3%-CoS2
Carbon 

cloth
100 231 17

Ni1.5Fe0.5P
Carbon 
paper

10 282 12

NiFe-P NF 200 355 13

MoP NF 10 390 15

N7CF-phy IF
50

100
200

145
200
229

This work

F-phy IF
50

100
350
390

This work

Table S4. Comparisons of the two-electrode configuration performance according to the reports and 
this paper in 1 M KOH.

Catalyst Substrate
η@10 mA 
cm-2 (mV)

Current 
density (J, 
mA cm-2)

η at 
corresponding 

J (mV)
Reference

FeNi3N NF 390 ～90 770 18

NiP NF 410 100 820 14

NiSe NF 400 ～60 770 11

NiCo2S4 NW NF 400 ～70 770 19

Ni1.5Fe0.5P
Carbon 
paper

- 20 493 15

CP@Ni-P
Carbon 
paper

400 20 500 20

N7CF-phy IF 320
20

100
460
710

This work
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