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The concept of electrochemical irreversibility originates from the early development of 

voltammetry, when researchers sought to classify electrode processes according to the speed of 

the heterogeneous electron transfer. In its strictest sense, irreversibility refers to sluggish electron 

transfer kinetics, or this is the energetic barrier arising when the standard rate constant ks  is small 

relative to the characteristic timescale of the voltammetric perturbation. Under such conditions, 

the current–potential response deviates from the Nernstian equilibrium shape, peak-to-peak 

separation becomes large, and the backward peak is diminished or absent. This purely kinetic 

interpretation is formalized within Butler–Volmer and Marcus frameworks, where activation 

barriers for electron transfer are high. 

Yet in practice, many aqueous redox couples that might be expected to behave reversibly 

show apparent irreversibility. A notable example is the classical transition-metal aquo couple 

Fe³⁺/Fe²⁺: 

Fe3+ + 1e−    ⇌    Fe2+  

On purely thermodynamic grounds, the difference in hydration free energies between Fe³⁺ 

and Fe²⁺ is modest, and their diffusion coefficients are comparable. One might therefore expect 

facile kinetics and near-reversible cyclic voltammetric responses. However, experimental 

voltammograms often reveal large peak separations and diminished reverse peaks, hallmarks of 

irreversibility. 

This paradox is explained by recognizing that the observed irreversibility is not always due 

to slow electron transfer. In aqueous solution, Fe³⁺ and Fe²⁺ are rarely present as simple hexaaqua 

ions; they are subject to hydrolysis and ligand exchange equilibria. For instance, Fe³⁺ can form 

FeOH²⁺ or more complex hydroxo species, while Fe²⁺ undergoes distinct solvation dynamics. 

Furthermore, the Fe²⁺ produced at the electrode can be consumed by follow-up chemical reactions 

(oxidation by dissolved oxygen, disproportionation, or complexation). On the timescale of a 



voltammetric experiment, these processes may effectively remove Fe²⁺ from the interfacial region, 

thereby suppressing the backward oxidation wave. 

Thus, much of what is termed “electrochemical irreversibility” in real systems is more 

correctly described as apparent irreversibility arising from EC or ECE mechanisms. The electron 

transfer itself may be intrinsically fast, but the coupled chemistry renders the overall process 

irreversible on the voltammetric timescale. Distinguishing between these cases requires systematic 

analysis, such as varying the scan rate, performing digital simulations, or employing 

complementary spectroscopic techniques. 

 

 

Figure 1. Features of electrochemically reversible (left) quasireversible (middle) and 

irreversible cyclic voltammograms 



 

 

Quasireversible and irreversible voltammograms portraying electrode transformation Fe3+ + 1e ⇄ Fe2+ 

 

 

 

 



References 

1. R. Gulaboski, Journal of Solid State Electrochemistry 24 (2020) 2081-2081 

2. R. Gulaboski, E. S. Ferreira, C. M. Pereira, M. N. D. S. Cordeiro, A. Garau, V. Lippolis, 

A. F. Silva, Journal of Physical Chemistry C 112 (2008) 153-161 

3. R. Gulaboski, V. Mirceski, M. Lovric, I. Bogeski, Electrochemistry Communications 7 

(2005) 515-522. 

4. R Gulaboski, V Mirceski, Macedonian Journal of Chemistry and Chemical Engineering 

39 (2020) 153-166 

5. V. Mirceski, R. Gulaboski, Macedonian Journal of Chemistry and Chemical Engineering 

33 (2014), 1-12 

6. V. Mirceski, R. Gulaboski, Journal of Solid State Electrochemistry 7 (2003) 157-165 

7. M. Janeva, P. Kokoskarova, V. Maksimova, R. Gulaboski, Electroanalysis 31 (2019) 2488-

2506 

8. R. Gulaboski, V. Mirceski, S. Komorsky-Lovric, M. Lovric, Electroanalysis 16 (2004) 

832-842 

9. R. Gulaboski, C.M. Pereira, M.N.D.S Cordeiro, I. Bogeski, F. Silva, Journal of Solid State 

Electrochemistry, 9 (2005) 469-474 

10. B. Sefer, R. Gulaboski, V. Mirceski, Journal of Solid State Electrochemistry 16 (2012) 

2373-2381. 

11. P. Kokoskarova, Rubin Gulaboski,  Electroanalysis 32 (2020) 333-344. 

https://doi.org/10.1002/elan.201900491 

12. R. Gulaboski, C. M. Pereira, Electroanalytical Techniques and Instrumentation in Food 

Analysis; in Handbook of Food Analysis Instruments (2008) 379-402. 

13. M. Jorge, R. Gulaboski, C. M. Pereira, M. N. D. S. Cordeiro, Journal of Physical Chemistry 

B 110 (2006) 12530-12538. 

14. V. Mirceski, D. Guziejewski, L. Stojanov, R. Gulaboski, Analytical Chemistry 91 (2019) 

14904-14910. 

15. V. Mirceski, R. Gulaboski, F. Scholz, Journal of Electroanalytical Chemistry 566 (2004) 

351-360. 

16. R. Gulaboski, M. Chirea, C. M. Pereira, M. N. D. S. Cordeiro, R. B. Costa, A. F. Silva, J. 

Phys. Chem. C 112 (2008) 2428-2435 

17. R. Gulaboski, V. Mirceski, S. Komorsky-Lovric, M. Lovric, Electroanalysis 16 (2004) 

832-842 

https://doi.org/10.1002/elan.201900491


18. R. Gulaboski, C. M. Pereira, M. N. D. S. Cordeiro, A. F. Silva, M. Hoth, I. Bogeski, Cell 

Calcium 43 (2008) 615-621 

19.  R. Gulaboski, V. Mirceski, F. Scholz, Amino Acids 24 (2003) 149-154 

20.  V. Mirceski, R. Gulaboski, Croatica Chemica Acta 76 (2003) 37-48. 

21.  F. Scholz, R. Gulaboski, Faraday Discussions 129 (2005) 169-177. 

22. R. Gulaboski, K. Caban. Z. Stojek, F. Scholz, Electrochemistry Communications 6 (2004) 

215-218. 

23. V. Mirceski, R. Gulaboski, Journal of Physical Chemistry B, 110 (2006) 2812-2820. 

24. V. Mirceski, R. Gulaboski, B. Jordanoski, S. Komorsky-Lovric, Journal of 

Electroanalytical Chemistry, 490 (2000) 37-47. 

25. R. Gulaboski, Macedonian Journal of Chemistry and Chemical Engineering 41 (2022) 151-

162 

26. R. Gulaboski, P. Kokoskarova, S. Petkovska, Analytical&Bioanalytical Electrochemistry, 

12 (2020) 345-364. 

27. V. Mirčeski, R. Gulaboski, F. Scholz, Electrochemistry Communications 4 (10) 2002, 814-

819 

28. M. Jorge, R. Gulaboski, C. M. Pereira, M. N. D. S Cordeiro, Molecular Physics 104 (2006) 

3627-3634. 

29. R. Gulaboski, V. Mirceski, M. Lovric, Macedonian Journal of Chemistry and Chemical 

Engineering 40 (2021) 1-9. 

30. R. Gulaboski, P. Kokoskarova, S. Risafova, J. Electroanal. Chem. 868 (2020) 114189. 

31. R. Gulaboski, V. Mirceski, Journal of Solid State Electrochemistry 28 (2024) 1121-1130. 

32. V. Mirceski, B. Mitrova, V. Ivanovski, N. Mitreska, A. Aleksovska, R. Gulaboski, Journal 

of Solid State Electrochemistry 19 (2015) 2331-2342. 

33. I. Spirevska, L. Soptrajanova, R. Gulaboski, Analytical Letters 33 (2000) 919-928. 

34. R. Gulaboski, B. Jordanoski, Bulletin of Chemists and Technologist of Macedonia 19 

(2000) 177-181 

35. R. Gulaboski, M. Lovrić, V. Mirčeski, I. Bogeski, M. Hoth, Biophysical Chemistry 137 (2008)        

49-55. 

36. R. Gulaboski, V. Mirčeski, S. Mitrev, Food Chemistry, 138 (2013) 116-121. 

37. R. Gulaboski, V. Mirčeski, M. Lovrić, Journal of Solid State Electrochemistry 23 (2019) 2493-

2506 



38. V. Mirceski, R. Gulaboski, F. Scholz, Electrochemistry Communications 4 (2019) 814-819. 

39. Rubin Gulaboski, V. Mirceski, Journal of Solid State Electrochemistry 28 (2024) 1121-1130. 

 

 


