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Oxygen-evolution reaction in the presence of cerium(IV) ammonium nitrate

    Oxygen-evolution experiments in the presence of cerium(IV) ammonium nitrate ((NH4)2Ce(NO3)6, 

CAN) were performed using an HQ40d portable dissolved oxygen-meter connected to an oxygen 

monitor with a digital readout at 25 oC. In a typical run, the instrument readout was calibrated against 

air-saturated distilled water stirred continuously with a magnetic stirrer in an air-tight reactor. After 

ensuring a constant baseline reading, water in the reactor was replaced with CAN solution. Without 

the catalyst, CAN was stable under these conditions and oxygen evolution was not observed. After 

deaeration of CAN with argon, complex 1 was added, and oxygen evolution was recorded under 

stirring (Scheme S1). The formation of oxygen was followed and the oxygen formation rates per Ir site 

were obtained from linear fits of the data by the initial rate. 
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Scheme S1 Set-up for oxygen-evolution experiments in the presence of CAN. 
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Figure S1 SEM images (a-d; at different magnifications) of iridium compound fragments of complex 1 
(20 mg, 22.3 μmol) in the presence of CAN (10.0 mL, 0.10 M) after one hour under stirring.  The 
particles were centrifuged and washed by water before the analysis (green compound).  

a b
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Figure S2 SEM images (a-d; at different magnifications) of iridium compound fragments of complex 1 
(20 mg, 22.3 μmol) in the presence of CAN (10.0 mL, 0.10 M) after four hours under stirring.  The 
iridium compound fragments were centrifuged and washed by water before the analysis (green 
compound).  

a b

c d
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Figure S3 XRD patterns of particles of complex 1 (20 mg, 22.3 μmol) in the presence of CAN (10.0 mL, 
0.10 M) after four hours under stirring.  The solid was centrifuged and washed by water before the 
analysis (green compound).  
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Figure S4 TEM images (a-d; at different magnifications) of particles of complex 1 (20 mg, 22.3 μmol) in 
the presence of CAN (10.0 mL, 0.10 M) (green compound) after four hours under stirring.  The particles 
were centrifuged and washed by water before the analysis (green compound).  

a b

c d
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Figure S5 HRTEM images (a-d; at different magnifications) of particles of complex 1 (20 mg, 22.3 μmol) 
in the presence of CAN (10.0 mL, 0.10 M) after four hours under stirring (green compound).  The 
particles were centrifuged and washed by water before the analysis.  

a b
a
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Figure S6 SEM images at different magnifications (a,b), and XRD (c) of the prepared IrO2 by heating 
complex 1. Oxygen-evolution experiment of IrO2 (2.0 mg) in the presence of CAN (0.10 M; 40 mL) (d). 
The orange arrow shows the time of the addition of IrO2 to CAN.

a b
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Table S1 Water oxidation by some Ir compounds.

Compound
TOF (s-1) Ref

Complex 1 0.01 ([CAN]: 0.4 M)
0.006 ([CAN]: 0.1 M)

This work

IrO2 (15-30 nm) 0.003 ([CAN]: 0.1 M) This work
0.0041 1

0.91 2

0.24 3

0.11 3

0.16 3

0.17 4

0.13 5
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1.5 6

0.10 7

0.20 7

0.033 8

0.94 9

IrO2 (1.1 nm)/CNT 11.2 10
IrO2 (2.2 nm)/CNT 1.3 10



S13

References

1. N. D. Mc Daniel, F. J. Coughlin, L. L. Tinker and S. Bernhard, J. Am. Chem. Soc., 2008, 130, 210.

2. J. F. Hull, D. Balcells, J. D. Blakemore, C. D. Incarvito, O. Eisenstein, G. W. Brudvig and R. H. 

Crabtree, J. Am. Chem. Soc., 2009, 131, 8730.

3. J. D. Blakemore, N. D. Schley, D. Balcells, J. F. Hull, G. W. Olack, C. D. Incarvito, O. Eisenstein, 

G. W. Brudvig and R. H. Crabtree, J. Am. Chem. Soc., 2010, 132, 16017.

4. J. D. Blakemore, M. W. Mara, M. N. Kushner-Lenhoff, N. D. Schley, S. J. Konezny, I. Rivalta, C. 

F. A. Negre, R. C. Snoeberger, O. Kokhan, J. Huang, A. Stickrath, L. A. Tran, M. L. Parr, L. X. Chen, 

D. M. Tiede, V. S. Batista, R. H. Crabtree and G. W. Brudvig, Inorg. Chem., 2013, 52, 1860.

5. T. P. Brewster, J. D. Blakemore, N. D. Schley, C. D. Incarvito, N. Hazari, G. W. Brudvig and R. H. 

Crabtree, Organometallics, 2011, 30, 965.

6. D. J. H. Hetterscheid and J. N. H. Reek, Chem. Commun., 2011, 47, 2712.

7. A. Volpe, A. Sartorel, C. Tubaro, L. Meneghini, M. Di Valentin, C. Graiff, M. Bonchio, Eur. J. 

Inorg. Chem., 2014, 4, 665.

8. A. Petronilho, M. Rahman, J. A. Woods, H. Al-Sayyed, H. Müller-Bunz, J. M. D. MacElroy, S. 

Bernhard and M. Albrecht, Dalton Trans., 2012, 41, 13074.

9. W. I. Dzik, S. E. Calvo, J. N. H. Reek, M. Lutz, M. A. Ciriano, C. Tejel, G. H. D. Hetterscheid, B. 

de Bruin, Organometallics, 2011, 30, 372.

10. J. Guan, D. Li, R. Si, S. Miao, F. Zhang, and C. Li, ACS Catal., 2017, 9, 5983.


