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Figure S1. XRD pattern of the as-synthesized Ni(OH)2/NF.

Figure S2. (a) Ni 2p and (b) O 1s XPS spectra of the as-synthesized Ni(OH)2/NF.

Figure S3. SEM image of the as-synthesized Ni(OH)2/NF.
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Figure S4. Chronopotentiometry activation of NH4NiF3/NF at a fixed current density of 20 mA 

cm-2 in 1 M KOH at room temperature. Inset is the pictures of electrolyte in this process.

Figure S5. The full XPS spectra of NH4NiF3/NF and NH4NiF3/NF-AO.
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Figure S6. Semi-quantitative analysis based on the XPS spectra.

Figure S7. CP activation of Ni(OH)2/NF at a fixed current density of 20 mA cm-2 in 1 M KOH. 

Inset is the pictures of electrolyte in this process.



5

Figure S8. CP activation of Ni(OH)2/NF at a fixed current density of 20 mA cm-2 in 1 M KOH 

+ 0.1 M KF. Inset is the pictures of electrolyte in this process.

Figure S9. (a) Full XPS spectrum of the activated Ni(OH)2/NF in 1 M KOH + 0.1 M KF. The 

corresponding high-resolution XPS spectra of (b) Ni 2p, (c) O 1s, and (d) F 1s.
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Figure S10. CV curves of (a) Ni(OH)2/NF, and (b) NH4NiF3/NF-AO with different scan rates 

in 1 M KOH.

Figure S11. (a) The volume of H2 as a function of time collected from the surface of Pt plate 

and the corresponding FE. (b) The volume of H2 and O2 collected from the surface of Pt plate 

and NH4NiF3/NF-AO respectively. (c) The picture of gas collection device.

Figure S12. Partially enlarged image of Figure 4a.
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Figure S13. SEM images of Ni(OH)2/NF after the CP test at a fixed current density of 20 mA 

cm-2 for 1 h.

Figure S14. Physical photo of the NH4NiF3/NF-AO electrode after CP stability test.

Figure S15. DOS for Ni-3d orbitals in (a) NiOOH and (b) F-doped NiOOH models.
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Figure S16. Calculated adsorption energies of OH- on NiOOH and F-doped NiOOH models, 

respectively.
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Table S1. Comparison of OER activity and stability of the as-synthesized F-doped γ-NiOOH 

with other Fe-free Ni(Co)OOH-based electrocatalysts reported in the literature.

Catalyst Substrate Electrolyte

Overpotenti

al at 10 mA 

cm-2 (mV)

Tafel slope 

(mV dec-1)
Stability test Reference

F-doped γ-NiOOH Ni foam 1 M KOH 240 59.5 300 h@200 mA cm-2 This work

NiOOH-NiCr2O4 Ni foam 1 M KOH
271 (at 20 

mA cm-2)
104 30 h@1.6 V 1

F-CoMoO4-x-2
graphite 

felt
1 M KOH 256 64.4 20 h@1.54 V 2

F-CoO
carbon 

cloth
1 M KOH 238 68 60 h@10 mA cm-2 3

NiPS3@NiOOH
glassy 

carbon
0.1 M KOH 350 80 160 h@10 mA cm-2 4

F-NiAl LDH Ni foam 1 M KOH 250 77 12 h@30 mA cm-2 5

Mo-NiOOH Ni foam 1 M KOH 310 68 100 h@10 mA cm-2 6

F-NiOOH/Ni(OH)2 Ni foam 1 M KOH 268 39 100 h@100 mA cm-2 7

F-CoOOH Ni foam 1 M KOH 270 54 30 h@10 mA cm-2 8

F-doped α-Ni(OH)2
glassy 

carbon
1 M KOH 325 31.89 30 h@25 mA cm-2 9

Co4S3/NixS6(7 ≥ x ≥ 

6)/NiOOH

glassy 

carbon
1 M KOH 362 37

LSV cycling test of 

200 cycles
10

NiCo2O4/NiO/CoF2@mC700
glassy 

carbon
1 M KOH 240 78 40 h@1.47 V 11

NiCoSe2@NiOOH/CoOOH
carbon 

cloth
1 M KOH 354 - cycling for 100 h 12

FN-CoP NS
carbon 

cloth
1 M KOH 241 69.6 48 h@1.45 V 13

NiOOH@CuO-

Cu2O/Co(OH)2
Ni foam 1 M KOH

262 (at 20 

mA cm-2)
68 15 h@50 mA cm-2 14

Ni(OH)2/NiOOH Ni foam 1 M KOH 256 41 10 h@200 mA cm-2 15

V-Ni3S2@NiOOH Ni foam 1 M KOH
348 (at 20 

mA cm-2)
99 10 h@100 mA cm-2 16

NixCo1-xOOH Ti foil 1 M KOH 350 41 24 h@10 mA cm-2 17

γ-NiOOH Ni foam 1 M KOH 244 44.8 30 h@10 mA cm-2 18

Co(OH)(CO3)0.5 Ni foam 1 M KOH 259 84.6 30 h@1.71 V 19

Se-NiS2
carbon 

cloth
1 M KOH

343 (at 50 

mA cm-2)
140 30 h@100 mA cm-2 20

Cu50Ni50NP
glassy 

carbon
1 M KOH 318 63.9 20 h@10 mA cm-2 21

Ni2P-CoCH

carbon 

fiber 

paper

1 M KOH 270 36 4 h@20 mA cm-2 22

CoS1.97-CeO2

carbon 

fiber 

paper

1 M KOH 264 49 50 h@10 mA cm-2 23

Ce-CoP
carbon 

cloth
1 M KOH 240 50.39 30 h@10 mA cm-2 24

CoOOH/Co9S8
carbon 

cloth
1 M KOH 240 86.4 160 h@100 mA cm-2 25
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Co1-xS/Co(OH)F
carbon 

cloth
1 M KOH 269 71 20 h@60 mA cm-2 26

NiSe2/Ni3Se4 Ni foam 1 M KOH
309 (at 100 

mA cm-2)
71.9 60 h@1.518 V 27

Hy-Ni-CoP/Co2P@NC
glassy 

carbon
1 M KOH 272 69 50 h@~12 mA cm-2 28

Ni2Cr1-LDH Ni foam 1 M KOH
319 (at 100 

mA cm-2)
22.9 30 h@1.55 V 29

Co2P@Co3O4
glassy 

carbon
1 M KOH 393 60 8 h@10 mA cm-2 30

Table S2. EIS fitting parameters of NH4NiF3/NF-AO and Ni(OH)2/NF.

Sample Rs Rct n CPE

NH4NiF3/NF-AO 1.38 0.74 0.65 3.74

Ni(OH)2/NF 1.47 4.51 0.73 0.21
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Table S3. Structural parameters of NiOOH and F-doped NiOOH models.

NiOOH: F- doped NiOOH:
             Bond               Population    Length (A)          Bond               Population    Length (A)
         O 22 -- Ni 14             0.25        1.92495          O 12 - -  Ni 13             0.26        1.90292
         O 6  -- Ni 10             0.25        1.92563          O 8  - -  Ni 11             0.26        1.90320
         O 22 -- Ni 18             0.25        1.92660          O 24 - -  Ni 13             0.26        1.90332
         O 34 -- Ni 6              0.25        1.92750          O 32 - -  Ni 17             0.26        1.90620
         O 6  -- Ni 4              0.25        1.92769          O 4  - -  Ni 11             0.26        1.90778
         O 21 -- Ni 17             0.26        1.92858          O 16 - -  Ni 17             0.26        1.90977
         O 2  -- Ni 2              0.25        1.92875          O 32 - -  Ni 1              0.27        1.90979
         O 34 -- Ni 18             0.25        1.92891          O 12 - -  Ni 7              0.27        1.91081
         O 33 -- Ni 17             0.26        1.92968          O 8  - -  Ni 7              0.27        1.91137
         O 2  -- Ni 10             0.25        1.92986          O 24 - -  Ni 1              0.27        1.91282
         O 17 -- Ni 9              0.26        1.93003          O 29 - -  Ni 4              0.26        1.91350
         O 26 -- Ni 14             0.25        1.93030          O 1  - -  Ni 2              0.26        1.91483
         O 1  -- Ni 9              0.26        1.93032          O 16 - -  Ni 9              0.27        1.91579
         O 2  -- Ni 8              0.25        1.93033          O 4  - -  Ni 9              0.27        1.91671
         O 26 -- Ni 4              0.25        1.93051          O 5  - -  Ni 4              0.25        1.92108
         O 17 -- Ni 17             0.26        1.93067          O 1  - -  Ni 10             0.26        1.92115
         O 25 -- Ni 1              0.26        1.93069          O 5  - -  Ni 12             0.26        1.92121
         O 29 -- Ni 5              0.26        1.93119          O 28 - -  Ni 15             0.26        1.92194
         O 34 -- Ni 2              0.25        1.93175          O 22 - -  Ni 17             0.24        1.92283
         O 13 -- Ni 15             0.25        1.93195          O 13 - -  Ni 14             0.26        1.92303
         O 13 -- Ni 7              0.26        1.93197          O 28 - -  Ni 5              0.26        1.92336
         O 5  -- Ni 9              0.26        1.93235          O 22 - -  Ni 11             0.24        1.92458
         O 5  -- Ni 3              0.26        1.93271          O 9  - -  Ni 6              0.26        1.92601
         O 1  -- Ni 1              0.26        1.93327          O 26 - -  Ni 13             0.24        1.92886
         O 29 -- Ni 15             0.26        1.93328          O 29 - -  Ni 6              0.25        1.92886
         O 17 -- Ni 15             0.25        1.93424          O 28 - -  Ni 3              0.26        1.92912
         O 22 -- Ni 12             0.25        1.93475          O 14 - -  Ni 13             0.24        1.92973
         O 25 -- Ni 13             0.26        1.93487          O 26 - -  Ni 17             0.24        1.93013
         O 5  -- Ni 11             0.26        1.93496          O 14 - -  Ni 11             0.24        1.93099
         O 21 -- Ni 13             0.26        1.93511          O 13 - -  Ni 8              0.26        1.93100
         O 25 -- Ni 3              0.26        1.93515          O 20 - -  Ni 13             0.25        1.93104
         O 21 -- Ni 11             0.26        1.93524          O 9  - -  Ni 12             0.26        1.93165
         O 33 -- Ni 1              0.26        1.93546          O 5  - -  Ni 10             0.26        1.93203
         O 26 -- Ni 2              0.25        1.93600          O 13 - -  Ni 16             0.26        1.93344
         O 9  -- Ni 11             0.26        1.93662          O 20 - -  Ni 17             0.25        1.93595
         O 6  -- Ni 12             0.25        1.93683          O 29 - -  Ni 16             0.25        1.93803
         O 33 -- Ni 5              0.26        1.93720          O 20 - -  Ni 11             0.25        1.93930
         O 9  -- Ni 5              0.26        1.93758          O 9  - -  Ni 8              0.26        1.94202
         O 3  -- Ni 1              0.23        1.93811          O 21 - -  Ni 18             0.23        1.94325
         O 1  -- Ni 7              0.26        1.93815          O 1  - -  Ni 8              0.25        1.94343
         O 9  -- Ni 7              0.26        1.93903          O 17 - -  Ni 18             0.22        1.94799
         O 29 -- Ni 3              0.26        1.94091          O 25 - -  Ni 14             0.23        1.94888
         O 13 -- Ni 13             0.26        1.94096          O 17 - -  Ni 16             0.23        1.94957
         O 30 -- Ni 16             0.23        1.94451          O 33 - -  Ni 2              0.23        1.95019
         O 14 -- Ni 16             0.23        1.94494          O 30 - -  Ni 3              0.23        1.95136
         O 23 -- Ni 17             0.23        1.94538          O 4  - -  Ni 3              0.26        1.95169
         O 23 -- Ni 9              0.23        1.94567          O 16 - -  Ni 15             0.25        1.95221
         O 19 -- Ni 9              0.23        1.94644          O 30 - -  Ni 15             0.23        1.95227
         O 35 -- Ni 17             0.23        1.94815          O 30 - -  Ni 13             0.23        1.95338
         O 19 -- Ni 15             0.23        1.94919          O 32 - -  Ni 5              0.25        1.95365
         O 3  -- Ni 5              0.23        1.95034          O 26 - -  Ni 1              0.21        1.95462
         O 3  -- Ni 7              0.23        1.95139          O 8  - -  Ni 5              0.25        1.95481
         O 35 -- Ni 15             0.23        1.95142          O 14 - -  Ni 7              0.21        1.95495
         O 23 -- Ni 11             0.23        1.95196          O 24 - -  Ni 3              0.25        1.95516
         O 10 -- Ni 6              0.22        1.95242          O 22 - -  Ni 9              0.21        1.95543
         O 14 -- Ni 8              0.23        1.95262          O 33 - -  Ni 6              0.22        1.95616
         O 18 -- Ni 16             0.22        1.95459          O 33 - -  Ni 18             0.21        1.95847
         O 10 -- Ni 8              0.22        1.95496          O 21 - -  Ni 14             0.22        1.95978
         O 30 -- Ni 6              0.22        1.95530          O 12 - -  Ni 15             0.25        1.96079
         O 35 -- Ni 5              0.23        1.95705          O 21 - -  Ni 12             0.22        1.96150
         O 18 -- Ni 18             0.22        1.95817          O 25 - -  Ni 2              0.22        1.96452
         O 19 -- Ni 7              0.22        1.95863          O 25 - -  Ni 4              0.22        1.96572
         O 18 -- Ni 10             0.22        1.96213          O 2  - -  Ni 5              0.20        1.97155
         O 15 -- Ni 13             0.21        1.96387          O 18 - -  Ni 7              0.21        1.97259
         O 31 -- Ni 3              0.21        1.96417          O 17 - -  Ni 10             0.21        1.97323
         O 10 -- Ni 12             0.23        1.96454          O 6  - -  Ni 1              0.21        1.97358
         O 11 -- Ni 3              0.21        1.96483          O 18 - -  Ni 15             0.20        1.97405
         O 30 -- Ni 4              0.23        1.96559          O 10 - -  Ni 5              0.20        1.97732
         O 31 -- Ni 13             0.21        1.96892          O 34 - -  Ni 5              0.20        1.97762
         O 14 -- Ni 14             0.22        1.96949          O 2  - -  Ni 1              0.21        1.97796
         O 11 -- Ni 11             0.20        1.97204          O 2  - -  Ni 7              0.21        1.97862
         O 27 -- Ni 1              0.20        1.97263          O 34 - -  Ni 17             0.20        1.97930
         O 7  -- Ni 9              0.20        1.97279          O 6  - -  Ni 3              0.20        1.98137
         O 15 -- Ni 11             0.20        1.97374          O 6  - -  Ni 9              0.21        1.98180
         O 7  -- Ni 1              0.20        1.97382          O 10 - -  Ni 11             0.20        1.98324
         O 27 -- Ni 17             0.20        1.97466          O 18 - -  Ni 9              0.21        1.98340
         O 7  -- Ni 3              0.21        1.97483          O 10 - -  Ni 3              0.20        1.98776
         O 27 -- Ni 13             0.21        1.97568          O 34 - -  Ni 15             0.20        1.98830
         O 31 -- Ni 15             0.20        1.98136          O 7  - -  Ni 4              0.20        2.00466
         O 15 -- Ni 7              0.21        1.98200          O 35 - -  Ni 18             0.19        2.00837
         O 11 -- Ni 5              0.20        1.98324          O 15 - -  Ni 14             0.19        2.01200
         O 20 -- Ni 16             0.18        2.01529          O 27 - -  Ni 18             0.19        2.01471
         O 36 -- Ni 16             0.18        2.01894          O 31 - -  Ni 16             0.18        2.01782
         O 12 -- Ni 6              0.19        2.02088          O 15 - -  Ni 12             0.19        2.01789
         O 32 -- Ni 16             0.19        2.02099          O 7  - -  Ni 2              0.19        2.01854
         O 32 -- Ni 14             0.18        2.02488          O 31 - -  Ni 4              0.18        2.01905
         O 4  -- Ni 8              0.19        2.02545          O 27 - -  Ni 2              0.18        2.02054
         O 24 -- Ni 10             0.18        2.02561          O 23 - -  Ni 10             0.18        2.02180
         O 28 -- Ni 2              0.18        2.02567          O 23 - -  Ni 18             0.19        2.02650
         O 20 -- Ni 10             0.18        2.02578          O 3  - -  Ni 6              0.18        2.02933
         O 16 -- Ni 14             0.18        2.02626          O 11 - -  Ni 6              0.18        2.02939
         O 16 -- Ni 8              0.19        2.02629          O 35 - -  Ni 6              0.18        2.03046
         O 24 -- Ni 18             0.18        2.02695          O 19 - -  Ni 10             0.19        2.03048
         O 4  -- Ni 6              0.18        2.02712          O 3  - -  Ni 8              0.18        2.03141
         O 36 -- Ni 6              0.18        2.02743          O 27 - -  Ni 14             0.17        2.03257
         O 28 -- Ni 18             0.18        2.02792          O 11 - -  Ni 4              0.18        2.03309
         O 8  -- Ni 2              0.18        2.02897          O 31 - -  Ni 14             0.17        2.03776
         O 36 -- Ni 18             0.18        2.02911          O 23 - -  Ni 12             0.17        2.03814
         O 20 -- Ni 8              0.18        2.02953          O 11 - -  Ni 12             0.17        2.03874
         O 12 -- Ni 4              0.18        2.03127          O 3  - -  Ni 2              0.18        2.03993
         O 32 -- Ni 4              0.18        2.03232          O 19 - -  Ni 16             0.18        2.04025
         O 8  -- Ni 10             0.18        2.03313          O 19 - -  Ni 8              0.18        2.04139
         O 4  -- Ni 2              0.18        2.03577          O 35 - -  Ni 16             0.17        2.04766
         O 24 -- Ni 12             0.18        2.03708           F 1 - -  Ni 1              0.15        2.04837
         O 12 -- Ni 12             0.18        2.03755           F 1 - -  Ni 9              0.15        2.05004
         O 8  -- Ni 4              0.18        2.03813           F 1 - -  Ni 7              0.14        2.05463
         O 16 -- Ni 12             0.18        2.03924          O 7  - -  Ni 10             0.16        2.05626
         O 28 -- Ni 14             0.17        2.04592          O 15 - -  Ni 8              0.16        2.05832
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