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Figure S1. SEM images of N:Co(OH)F-CFP in different sizes.
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Figure S2. SEM images of material without NaF in different sizes.
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Figure S3. LSV of N:Co(OH)F-CFP and N:Co(OH)F.
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Figure S4. SEM images of IrO2-CFP.
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Figure S5. SEM-Mapping of the N:Co(OH)F-CFP.
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Figure S6. SEM of N:Co(OH)F-CFP after 10h IT stability test. 
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Figure S7. N2 adsorption and desorption isotherm curve of the needle-like 

N:Co(OH)F-CFP.

Figure S8. (a) on the left side partial is N:Co(OH)F-CFP, the right is bare CFP. 

(b) physical map of the test process. It’s a schematic of a three-electrode device that 

actually reacts in 1M KOH.
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Figure S9. Contact angle test chart for (a) bare CFP (b) N:Co(OH)F-CFP (c) 

N:Co(OH)F.



11

Figure S10. Co 2p and O1s XPS spectrum of N:Co(OH)x-CFP(a,b), Co(OH)F-

CFP(c,d) and Co(OH)x-CFP(e,f).
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Figure S11. Room-temperature photoluminescence spectra of N:Co(OH)F-CFP, 

N:Co(OH)x-CFP, Co(OH)F-CFP and Co(OH)x-CFP.

Figure S12. EDX spectroscopy of the array of N:Co(OH)F-CFP.
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Figure S13. N:Co(OH)F-CFP of different amounts of NaF (a,b) and urea (c,d).

Figure S13 shows the effect of guiding reagents dose on the morphology 

of the material N:Co(OH)F. When the amount of halogen ion F- was 

reduced to half of the original, N:Co(OH)F formed without acicular 

structure and was very soft (Figure S13a). Increasing the amount to 

double of the original, on the other hand, it will be a wider and fuller bar 

(Figure S13b). Urea is the major supplier of N in N:Co(OH)F, it did not 

form a uniform array on the CFP surface when reducing the dosage 

(Figure S13c). As the content of urea increased to double, we found it 

self-assembled flower-like structures arranging on the CFP surface 

(Figure S13d).
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Figure S14. LSV of different urea and NaF ratios. 



15

Figure S15. SEM of different time of N:Co(OH)F-CFP 

(a) 4h (b) 6h (c) 8h (d) 10h.

In Figure S15, we can see that under the constant condition of 120 °C, 

different hydrothermal time will have different topography. After 4 h 

reaction (Figure S15a), the basic structure appeared, but the shape of the 

spines was too thin then not full enough, it could not be evenly tiled on the 

CFP. When reaction time was extended to 6 h (Figure S15b), the 

morphology was found to be a standard cylindrical stab-shaped structure. 

The original appearance of the structure maintained even after 8h reaction 

time, but too lush, and the catalytic activity is less robust (Figure S15c); 
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After 10h reaction, the structure was destroyed (Figure S15d). Some of the 

white particles on the surface of CFP are part of themselves melted and 

formed. 

Figure S16. different reaction time of N:Co(OH)F-CFP.

 



17

Figure S17. LSV comparison of OER activity before and after IT test.

Figure S18. (a) Electrochemical cyclic voltammetry of N:Co(OH)F-CFP at different 

sweep rates (voltage range: 0.12-0.32 V vs. RHE) (b) Double-layer capacitance curve 

of N:Co(OH)F-CFP and IrO2-CFP.
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Table S1. XPS full spectrum analysis 

1. Co(OH)F-CFP

Name Peak BE FWHM Area (P) At. % Q

C1s 284.71 2.5 24902.53 77.59 1

Co2p3 780.81 1.3 13638.85 0.37 1

O1s 532.26 0.07 12202.78 21.72 1

F1s 685.43 2.44 438.39 0.33 1

2. N:Co(OH)x-CFP

Name Peak BE FWHN Area (P) At. % Q

C1s 284.73 1.15 24956.41 65.01 1

N1s 400.81 0.14 983.58 1.45 1

Co2p3 781.96 2.63 17705.44 3.97 1

O1s 532.4 1.6 32299.42 29.57 1

3. Co(OH)x-CFP

Name Peak BE FWHM Area (P) At. % Q

C1s 284.56 1.15 13718.51 71.53 1

Co2p3 780.2 2.69 13638.85 6.12 1

O1s 530.4 1.46 12202.78 22.35 1

Table S2. Comparison of selected Co-containing OER electrocatalysts for different 

substrates in alkaline media.
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Catalyst

Tafel 
slop

(mV dec-

1 

(mV 
@10 mAcm-2 Electrolyte Substrate Reference

N:Co(OH)F
-CFP 69.75 310 1.0 M KOH Carbon fiber 

paper This work

3D Co(OH)F 52.8 313 1.0 M KOH GCE 1 
CoP@RGO 75 280 1.0 M KOH GCE 2 

CoCr2O4/CNS 51 326 1.0 M KOH GCE 3
NiCoP/C 96 330 1.0 M KOH GCE 4

N-doped graphene-
CoO

71 340 1.0 M KOH GCE 5

CoNi(OH)x 
nanotubes

77 280 1.0 M KOH Cu foil 6

Co3O4-carbon 
nanocomposites

47 346 1.0 M KOH GCE 7

Co3ZnC/Co@CN 81 366 1.0 M KOH GCE 8

NiCo LDH 40 367 1.0 M KOH GCE 9

CoP hollow 
polyhedron

57 400 1.0 M KOH GCE 10

Co-P film 47 345 1.0 M KOH Copper foil 11

Co3O4/NiCo2O4 
nanocages

88 340 1.0 M KOH Ni foam 12

CoMn-LDH 
nanosheets

43 324 1.0 M KOH GCE 13

Co2.25Cr0.75O4 60 ± 3 350 1.0 M NaOH GCE 14

Co-C3N4/CNT 68.4 380 1.0 M KOH GCE 15

CoOx film 42±1 403 1.0 M KOH
Au/Ti or ITO 
coated glass

16

Co@Co3O4@NMC
C/rGO

71 340 1.0 M KOH GCE 17

CoP3 CPs 76 340 1.0 M KOH Carbon Paper 18

Co(OH)2 95 421 1.0 M KOH Carbon Cloth 19

Co2(OH)2BDC 
nanosheets

74 273 1.0 M KOH GCE 20

CoO-MoO2 
nanocages

69 312 1.0 M KOH GCE 21
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