
Supporting Information

High Loading of Iridium Single Atoms in NiCo2O4 for Enhanced Acidic 

Oxygen Evolution Reaction

Bilal Zaman#a, Qiwen Su#a, Dongxu Jiaoa, Ming Gonga, Mingming Wanga, Muhammad 

Faizana, Xiaoqiang Cui*a

a State Key Laboratory of Automotive Simulation and Control, School of Materials 

Science and Engineering, and Key Laboratory of Automobile Materials of MOE, Jilin 

University, Changchun, 130012, China.

#These authors contributed equally to this work.

*Corresponding Author: Xiaoqiang Cui; 

E-mail: xqcui@jlu.edu.cn (X. Q. Cui);

Supplementary Information (SI) for Inorganic Chemistry Frontiers.
This journal is © the Partner Organisations 2025



                            Fig S1. The synthesis procedure of Ir-NiCo2O4 catalysts.

                        

                   Fig S2. (a) SEM, (b) TEM, (c) SEM elemental mapping of NiCo2O4.



                                                     Fig S3. (a, b) SEM Images of ZIF-67.

Fig. S4. (a, b) HAADF-STEM images of IrH-NiCo2O4 at different resolution, in 
which the bright spots are ascribed to Ir single atoms. 



        Fig. S5. XPS survey spectrums for pure NiCo2O4 (b) IrL-NiCo2O4 (c) IrH-NiCo2O4

Fig S6. (a) LSV curves of IrH-NiCo2O4 fabricated with different content of Ir. (b) 
The corresponding Tafel plots.



Fig S7. (a) LSV curves of IrH-NiCo2O4 fabricated with different reaction 
temprature. (b)  The corresponding Tafel plots.



Fig S8. CVs measured for (a) pure NiCo2O4 (b) IrL-NiCo2O4 (c) IrH-NiCo2O4 and (d) 
Com. IrO2 at different   scan rates of 10, 20, 40, 80, 120, 160, and 200 mV s-1.

Figure S9. LSV curves of IrH-NiCo2O4 catalysts in 0.5 M H2SO4 electrolyte with or 
without TMA+.



    Fig S10. (a, b) SEM Images of IrH-NiCo2O4 at different resolution after the stability 
test. 

                                     Fig S11.  XRD of IrH-NiCo2O4 after the stability test. 



Fig. S12.  High-resolution XPS spectra of (a) Ir 4f (b) Ni 2p (b) Co 2p and (c) O 1s XPS 
spectra of IrH-NiCo2O4 after the stability test.

 

  

    Table 1.  Ni and Co mass and atomic percent of pure NiCo2O4 by SEM-EDX.



Table S2. Ir, Ni and Co weight percent of pure NiCo
2
O

4, IrL-NiCo
2
O

4
 and IrH-

NiCo
2
O

4   
characterized by ICP-MS.

Table S3. The comparison of OER performance of our catalysts with previously reported 
catalysts in acidic electrolyte.

Catalyst electrolyte η10 
(mV)

Stability (h) Mass loading 
(mg/cm2)

References

IrH-NiCo2O4 0.5 M H2SO4 240 282 0.25 This work

DNP-IrNi 0.5 M H2SO4 248 50 0.67 [1]

Ir0.06Co2.94O4 0.1 M HClO4 292 240 - [2]

IrOx/Zr2ON2 0.5 M H2SO4 255 5 0.38 [3]

Gd-IrO2–δ 0.5 M H2SO4 260 200 0.25 [4]

W0.7Ir0.3Oy 0.1 M HClO4 278 55 0.25 [5]

IrCo-CoO 0.5 M H2SO4 270 140 0.15 [6]

UF-Ir/IrOx 0.5 M H2SO4 299 200 - [7]

Ir@WO3-x 0.5 M H2SO4 276 110 0.10 [8]

Ti-IrOx/Ir 0.5 M H2SO4 254 100 0.35 [9]

Ir2Sm-S/G 0.5 M H2SO4 275 120 - [10]
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