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Figure S1. (a) I-t curve during electrodeposition of NiCoIr-ED, (b) 

Chronopotentiometry curve during electrochemistry dealloying of NiCo-IrOx.
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Figure S2. The cross-section SEM images of (a,b) NiCoIr-ED before 

electrochemical dealloying , (c,d) NiCo-IrOx after electrochemical dealloying.
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Figure S3. SEM element mapping images of (a,c) NiCoIr-ED before 

electrochemical dealloying; (b,d) NiCo-IrOx after electrochemical dealloying.
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Figure S4. HR-TEM image and Particle size analysis of NiCo-IrOx.
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Figure S5. (a, b) TEM images of Co-IrOx. (c)TEM element mapping images of Co-

IrOx.
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Figure S6. (a, b) TEM images of Ni-IrOx. (c)TEM element mapping images of Ni-

IrOx.
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Figure S7. XPS survey spectrum of the (a) NiCo-IrOx , (b) Ni-IrOx , (c)Co-IrOx , (d) 

IrOx electrocatalyst.



9

Figure S8. The surface and internal XPS spectra of (a) Ni , (b) Co , (c) Ir for NiCo-

IrOx. (d) The NiCo-IrOx atomic ratio of Ni and Co in surface and internal.
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Figure S9. (a) The effect of different Ni content in precursors on electrochemical 

OER performance of Ni-IrOx. (b) The effect of different Co content in precursors 

on electrochemical OER performance of NiCo-IrOx. 
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Figure S10. Measurements of electrochemical double layer capacitance of 

(a)NiCo-IrOx ,  (b) Co-IrOx , (c) Ni-IrOx and (d) IrOx.
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Figure S11. LSV curves of NiCo-IrOx after different stability test durations at a 

current density of 100 mA cm⁻².
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Figure S12. (a) SEM element mapping images of NiCo-IrOx after 100 h stable test. 

(b), (c) TEM and HR-TEM images of NiCo-IrOx after 100 h stable test. (d) TEM 

element mapping images of NiCo-IrOx after 100 h stable test.
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Figure S13. XPS spectra of (a) Ir 4f, (b) O 1s, (c) Ni 2p, (d) Co 2p for NiCo-IrOx 

after 100 h.
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Figure S14. (a) NiCo-IrOx, (c) Co-IrOx and (e) Ni-IrOx LSV test of before and after 

100 mA cm−2 for 20 h (b) NiCo-IrOx, (d) Co-IrOx and (f) Ni-IrOx: Durability test used 

a constant current density of 100 mA cm−2 for 20 h (without iR compensation).
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Figure S15. Detected dissolution amount of Ir in the electrolyte after 20 h OER 

stable test at 100 mA cm-2.
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Figure S16. (a-b) The LSV curves of NiCo-IrOx and Ni-IrOx at different pH. Scan 

rate: 5 mV s-1. (c) Logarithm of current density as a function of pH.

.
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Figure S17. Top view of the bare and adsorption states of *OH, *O, and *OOH of 

the OER process of IrO2.
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Figure S18. Top view of the bare and adsorption states of *OH, *O, and *OOH of 

the OER process of Ni-IrOx.
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Figure S19. Top view of the bare and adsorption states of *OH, *O, and *OOH of 

the OER process of NiCo-IrOx.



21

Table S1 . The atomic ratio of NiCoIr-ED obtained from the TEM-EDX analysis in 

Figure 2e.

NiCoIr-ED
atom ratio

Ir Co Ni

EDX 5% 17.8% 77.2%
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Table S2 . NiCo-IrOx atomic ratio from ICP and TEM-EDX analysis

NiCo-IrOx
atom ratio

Ir Co Ni

ICP 89% 3.4% 7.6%

EDX 90.4% 3.6% 6%
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Table S3. Summaries of XPS fitting results on NiCo-IrOx, Co-IrOx, Ni-IrOx, IrOx 

samples

Sample NiCo-IrOx Co-IrOx Ni-IrOx IrOx

Ir4+/Ir3++Ir4+ 0.869 0.862 0.617 0.565

OOH/OLat+OOH+OH20 0.480 0.399 0.301 0.232
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Table S4. Parameters used to fit the XPS spectra (Ir4f band). The specific fit 

parameters used for IrO2. The doublet separation between Ir4f7/2 and Ir4f5/2 was 

considered to be 3.0 eV and the height ratio between Ir4f7/2 and Ir4f5/2 peaks was 

0.75.

Binding Energy (EV) FWHM (EV) Face Ratio
Peak

NiCo- 

IrOx

Co- 

IrOx

Ni-

IrOx

IrOx

NiCo- 

IrOx

Co- 

IrOx

Ni-

IrOx

IrOx

NiCo- 

IrOx

Co- 

IrOx

Ni-

IrOx

IrOx

Ir 4f7/2 

Ir (Ⅳ)
61.9 61.8 61.6 61.6 1.27 1.21 1.2 1.1 1 1 1 1

Ir 4f5/2 

Ir (Ⅳ)
65.9 64.8 64.6 64.6 1.27 1.21 1.2 1.1 0.75 0.75 0.75 0.75

Ir 4f7/2 

Ir (Ⅲ)
62.6 62.5 62.6 62.4 1.17 1.14 1.18 1.08 0.39 0.45 0.83 0.82

Ir 4f5/2 

Ir (Ⅲ)
65.6 65.5 65.6 65.4 1.17 1.14 1.18 1.08 0.29 0.33 0.62 0.61

Ir 4f7/2 

Ir 

(Ⅲ+Ⅳ

)sat

63.9 63.8 63.6 63.6 1.6 1.5 1.58 1.52 0.44 0.51 0.52 0.42

Ir 4f5/2 

Ir 

(Ⅲ+Ⅳ

)sat

66.9 66.8 63.6 66.6 1.6 1.5 1.58 1.52 0.44 0.48 0.52 0.42
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Table S5. Comparison of OER activity and stability of NiCo-IrOx with literature-

reported Ir-based electrocatalysts and the corresponding conditions in acidic 

electrolytes.

Catalyst ƞ10 
mV

Substr
-ate

Tafe
l 
slop
e

Mass activity 
(A g-1) (ƞ = 270 
mV)

Electrolyte Stability Ref

NiCo-
IrOx

209 Ti- felt 53 258.42 
0.5 M 
H2SO4

100 h@ 
100 mA 

cm-2

This 
work

Dotf-
IrCo5

250 - - 165.13
0.5 M 
H2SO4

30 h@10      
mA cm-2

Ref1

Ir-Fe 
aerogels

236 GC 76.8 0.59
0.5 M 
H2SO4

100 h@10 
mA cm-2

Ref2

ZnNiCoIr
Mn

237 GC 46 610.8 0.1 M HClO4
100 h@10 
mA cm-2

Ref3

Ti-IrOx/Ir 254 GC 48 338 (ƞ=350 mV)
0.5 M 
H2SO4

24 h@10 
mA cm-2

Ref4

IrCo@ 
CNT/CC

241 CC 92 ~1
0.5 M 
H2SO4

90 h@10 
mA cm-2

Ref5

DNP-IrNi 248 Ti-felt 38 52.48
0.5 M 
H2SO4

50 h@100 
mA cm-2

Ref6

NiIr-ENS 224 GC 91.2 4.62 (ƞ= 320 mV)
0.5 M 
H2SO4

3000 cycle Ref7

IrCo 
NRAs

296 CC 68.1 0.84
0.5 M 
H2SO4

15 h@10  
mA cm-2

Ref8

Ir−Ni−Co 
oxide 

285 GC 53 ~55 0.1 M HClO4
5.5 h@10 
mA cm-2

Ref9

Ir@WOx

NRs-100
330 WOx 46.8 -

0.5 M 
H2SO4

40 h Ref10
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Co-IrRu 235 GC 66.9 - 0.1 M HClO4
25 h@10 
mA cm-2

Ref 
11

IrNi NFs 293 GC 47.3 379 (ƞ=280 mV) 0.1 M HClO4
4 h@20 
mA cm-2

Ref12

Table S6. Comparison of HER activity and stability of NiCo-IrOx with literature-

reported Ir-based electrocatalysts and the corresponding conditions in acidic 

electrolytes.

Catalyst ƞ10 mV Substr-
ate

Tafe
l 
slop
e

Mass 
activity (A g-

1) (ƞ = 50 mV)
Electrolyte Stability Ref

NiCo-
IrOx

37 Ti- felt 26.3 37.37
0.5 M 
H2SO4

20 
h@100 
mA cm-2

This 
work

ZnNiCoIr
Mn

50@50 
mV

GC 30.6 - 0.1 M HClO4

100 
h@10 
mA cm-2

Ref3

IrCo@C
NT/CC

26 GC 45.2 ~ 1.2
0.5 M 
H2SO4

90 h@10 
mA cm-2 Ref5

DNP-IrNi 15 Ti-felt 28.4 -
0.5 M 
H2SO4

- Ref6

NiIr-ENS 10 GC 28.2 -
0.5 M 
H2SO4

3000 
cycle

Ref7

Co-IrRu 13.8 GC 31.1
-
-

0.1 M HClO4
25 h@10 
mA cm-2

Ref1
1
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IrNi NFs 25 GC 29.7 - 0.1 M HClO4
6 h@10 
mA cm-2

Ref1
2

IrCo0.65 17 GC 31.2 - 0.1 M HClO4

20000 s 
@10 mA 
cm-2

Ref1
3
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