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Supplementary Figures

Figure S1. A TEM image and elemental mapping results of Ir nanoparticle embedded in CM-

100. 

 



S3

Figure S2. Cyclic voltammograms for (a) IrOx@CM-40, (b) 60, (c) 80, (d) 100, and (e) 120 

for measuring ECSA. (f) Current density as a function of the scan rate measured from (a)–(e). 
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Figure S3. Size distribution of IrOx nanoparticles embedded in (a) CM-40, (b) 60, (c) 80, (d) 

100, and (e) 120.



S5

Figure S4. TEM images for IrOx@CM-100 with white arrows indicating thin carbon layers on 

IrOx particles.



S6

Figure S5. (a) XPS spectra of Ir 4f for commercial IrO2 and synthesized IrOx nanoparticles 

with IrOx@CM-100. XPS spectra of (b) Ir 4f, (c) N 1s, (d) C 1s, and (e) Ti 2p for IrOx@CM-

40, 60, 80, 100, and 120.
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Figure S6. XPS spectra of O 1s for (a) IrOx@CM-100 and (b) IrOx@CM samples.
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Figure S7. Voltammograms before IR correction for OER on commercial IrO2 and IrOx@CM 

samples. 
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Figure S8. Tafel plots for commercial IrO2 and IrOx@CM samples.
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Figure S9. Voltammograms during the accelerated durability test (ADT) for (a) IrOx@CM-40, 

(b) 60, (c) 80, and (d) 120 in N2-saturated 0.1 M HClO4 electrolyte. 
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Figure S10. A TEM image and elemental mapping results of IrOx@CM-100 after long-term 

durability test at 10 mA·cm-2 for 100 h.  
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Figure S11. A SEM image and elemental mapping results of IrOx@CM-100 after long-term 

durability test at 10 mA·cm-2 for 100 h.  
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Supplementary Tables

Table S1. The Synthetic Conditions for N-Doped Carbon Matrix with IrOx Nanoparticles. 

Samples
The amount of 

polyaniline solutiona

(μL·cm-2)

IrOx@CM-40 40

IrOx@CM-60 60

IrOx@CM-80 80

IrOx@CM-100 100

IrOx@CM-120 120

                   aPolyaniline solution: 0.06 M aniline, 0.12 M F-aniline, 1 M HCl, 0.23 M (NH4)2S2O8

                       (See Experimental section)
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Table S2. OER Half-Cell Performance of Ir-Based Electrocatalysts Reported in Previous 

Research. 

Stability test
Catalysts Electrolytes

Loading 
Amount

(mgIr∙cm-2)
ηa Chronopoten

-tiometry
Increasing 
rate of η

Ref.

IrOx@CM-100 0.1 M 
HClO4

0.5 264 10 mA∙cm-2, 
100 h

0.57 
mV∙h-1

This 
study

IrO
2
-Ta

2
O

5
/Ti 

felts
0.1 M H2SO4 0.7 270 - - 1

10% F-doped 
IrO

2
/Ti foil 0.1 N H2SO4 0.3 250 - - 2

2% IrO
2
/NWCNT 0.5 M H2SO4 0.016 272 10 mA∙cm-2, 

12 h 3.6 mV∙h-1 3

4wt % IrO
2
/CNT 0.1 M H2SO4 0.076 270 10 mA∙cm-2, 

12 h 3.8 mV∙h-1 4

IrW/C 0.1 M HClO4 0.03 300b - - 5

Ir superstructure/ 
VC 0.1 M HClO4 0.0115 276 10 mA∙cm-2, 

5 h 7.8 mV∙h-1 6

IrNiCu /CB 0.1 M HClO4 0.02 303 - - 7

IrO
2
 nanofiber 0.1 M H2SO4 0.2 440 - - 8

IrO
2
-RuO

2
@Ru 0.5 M H2SO4 0.379 281 - - 9

IrO
x 
nanosheets 0.5 M H2SO4 0.0078 250 10 mA∙cm-2, 

10 h 4.7 mV∙h-1 10

3-DOM IrO2 0.5 M H2SO4 0.127 330 - - 11

IrO
2
/CNT 0.5 M H2SO4 0.016 293 10 mA∙cm-2, 

10 h 5.7 mV∙h-1 12

Ir nanoparticles 
/graphene 0.5 M H2SO4 0.82 290 10 mA∙cm-2, 

10 h 5.0 mV∙h-1 13

Mesoporous IrO
2
 

film
0.1 M HClO4 - 270 - - 14

IrO
2
/graphitic 

carbon nitride
0.5 M H2SO4 0.081 276 20 mA∙cm-2, 

4 h 3.4 mV∙h-1 15

Ir
70

Ni
15

Co
15 0.1 M HClO4 0.25 220 10 mA∙cm-2, 

24 h 1.4 mV∙h-1 16
aOverpotential@10 mA∙cm-2 (mV)
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Table S3. Charge Transfer and Solution Resistances Measured from Nyquist Plots in 

Figure 4(c).

Samples Solution resistance 
(Rs, Ω·cm2)

Film resistance
(Rf, Ω·cm2)

Charge transfer 
resistance (Rct, Ω·cm2)

IrOx@CM-40 2.90 1.38 5.35

IrOx@CM-60 2.60 1.30 3.24

IrOx@CM-80 2.64 1.03 3.76

IrOx@CM-100 2.60 0.17 3.20

IrOx@CM-120 2.56 0.84 3.90

Commercial IrO2 2.53 2.02 10.82
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Table S4. Percentages of Oxygen Species Calculated from XPS Spectra in Figure S6(b).

Samples Lattice O OH group

IrOx@CM-40 49.5 50.5

IrOx@CM-60 54.1 45.9

IrOx@CM-80 52.5 47.5

IrOx@CM-100 46.2 53.8

IrOx@CM-120 54.0 46.0
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Table S5. Full-Cell Performance of Ir-Based Electrocatalysts Reported in Previous 

Research. 

Catalysts

Anode Cathode
Membrane T cell

(°C)

Cell voltage 
@1A·cm-2 

(V)
Ref.

IrOx@CM-100
(1 mg∙cm-2)

Pt/C 40%
(0.4 mg∙cm-2) NR115 90 1.64 This 

study

Ir/TiO2-MoOx
(0.5 mg∙cm-2)

Pt/C 46%
(0.5 mg∙cm-2) NR212 80 1.74 17

Ir/B4C-100 °C
(0.5 mg∙cm-2)

Pt/C 20%
(0.4 mg∙cm-2) NR212 80 1.63 18

Ir0.7Ru0.3 Ox
(1.8 mg∙cm-2)

Pt/C 
(0.5 mg∙cm-2) NR115 80 1.656 19

IrO2
(1.4 mg∙cm-2)

Pt/C 40%
(0.4 mg∙cm-2) NR115 80 1.765 20

IrO2
(3.0 mg∙cm-2)

Pt/C 
(0.1 mg∙cm-2) NR212 RT 1.56 21

Ir0.52Sn0.48O2
(1.5 mg∙cm-2)

Pt/C 70%
(0.57 mg∙cm-

2)
NR115 80 1.63 22

IrO2@TiO2
(1.2 mg∙cm-2)

Pt/C 60%
(0.5 mg∙cm-2) NR115 80 1.7 23

IrO2-V doped 
TiO2

(2.5 mg∙cm-2)

Pt/C 40%
(0.5 mg∙cm-2) NR117 80 2.03 24

IrO2-Nb doped 
TiO2

(2.5 mg∙cm-2)

Pt/C 40%
(0.5 mg∙cm-2) NR117 80 2.027 25

IrO2
(1.7 mg∙cm-2)

Pt/C 40%
(0.5 mg∙cm-2) NR117 80 1.88 26

80% IrO2/ATO
(2 mg∙cm-2)

Pt/C 20%
(0.5 mg∙cm-2) NR115 80 1.74 27
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