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MATHCAD working file is presented for simulation of theoretical voltammograms of a 

two-step Surface Mechanism coupled with preceding chemical step.  

We show the definition and the features of the SWV signa, and how this potential ramp 

can be calculated in MATHCAD Software. 

Legends of the symbols used in MATHCAD File: 

potIj and potIIj are symbols for time-dependent 

potential in SWV j and k- are symbols of the 

magnitude of potential steps applied r - is a counter 

parameter 

R - is universal gas constant 

x - is symbol for initiation of calculation of the complex equation for current estimation 

E – is the potential width of  

1 and 2 – are symbols for the electron transfer coefficients of the first and second 
electron transfer step, respectively 

EsI and EsII are the formal redox potentials of the first and the second electron transfer 
step 

KI and KII are the dimensionless rate parameters of the first and the second electrode 
transformation, respectively; 

Esw is the square wave amplitude (50 mV in this file) 

dE is potential step (10 mV in this file) 

Sk is a numerical integration factor 

potIj and potIIj are the formulas for the potential ramp in SWV; they are calculated by a 
common function by considering the parameters that affect the SWV bias, i.e. the EsI, 
EsII, Esw and dE. 

Ij and IIj are the dimensionless potentials of the first and the second electron transfer 
step 

Ij and IIj are the total currents of the first and the second electron transfer steps, 
respectively 

net = Ij + IIj is the total current that unifies both electron transfer steps 

 

Meaning of other symbols, and calculating procedure is given in the working file below



 

 
 



 

 
 

 

 

 

 



 

 

 

Features of the potential ramp in SWV and the manner for current measurements in SWV 
 

 



 

 
 



 
 

 

 



 
 

 

Potentiostat and working cell used in voltammetric experiments 

 

 
 

 



 

LITERATURE 

 

1. V. Mirceski, D. Guzijewski and Rubin Gulaboski, Electrode kinetics from a single square-wave voltammograms, Maced. J. Chem. Chem. Eng. 34 

(2015) 1-12.  

2. R. Gulaboski, K. Caban, Z. Stojek, F. Scholz, Electrochem. Commun 6 (2004) 215-218. 

3. V. Mirceski, R. Gulaboski, F. Scholz, Electrochem. Commun. 4 (2002) 814-819. 

4. V. Mirceski, R. Gulaboski, Croatica Chemica Acta 76 (2003) 37-48. 
5. R Gulaboski, M Lovrić, V Mirceski, I Bogeski, M Hoth, Biophysical Chemistry 138 (2008) 130-137. 
6. R. Gulaboski, V. Mirceski, R. Kappl, M. Hoth, M. Bozem, "Quantification of Hydrogen Peroxide by Electrochemical Methods and Electron Spin 

Resonance Spectroscopy" Journal of Electrochemical Society, 166 (2019) G82-G101.  

7. S. Petkovska, R. Gulaboski*, “Theoretical Analysis of a Surface Catalytic Mechanism Associated with Reversible Chemical Reaction Under 

Conditions of Cyclic Staircase Voltammetry”, Electroanalysis 32 (2020) 992-1004 https://onlinelibrary.wiley.com/doi/10.1002/elan.201900698  

8. Rubin Gulaboski, Valentin Mirceski, Milivoj Lovric, Square-wave protein-film voltammetry: new insights in the enzymatic electrode processes 

coupled with chemical reactions, Journal of Solid State Electrochemistry, 23 (2019) 2493-2506.   

9. Rubin Gulaboski, Electrochemistry in 21st Century-Future Trends and Perspectives, Journal of Solid State Electrochemistry 24 (2020) 

doi:10.1007/s10008-020-04550-0 

10. Milkica Janeva, Pavlinka Kokoskarova, Viktorija Maksimova, Rubin Gulaboski*, Square-wave voltammetry of two-step surface redox mechanisms 

coupled with chemical reactions-a theoretical overview, Electroanalysis, 31 (2019) 2488-2506.  

11. Rubin Gulaboski, Milkica Janeva, Viktorija Maksimova, "New Aspects of Protein‐film Voltammetry of Redox Enzymes Coupled to Follow‐up 

Reversible Chemical Reaction in Square‐wave Voltammetry", Electroanalysis, 31 (2019) 946-956 .   

12. Sofija Petkovska, Rubin Gulaboski*, "Diffusional Electrochemical Catalytic (EC’) Mechanism Featuring Chemical Reversibility of Regenerative 

Reaction-Theoretical Analysis in Cyclic Voltammetry", Croatica Chemica Acta  92 (4) (2019) 1-8 

13. Rubin Gulaboski, Pavlinka Kokoskarova, Sonja Risafova, "Analysis of Enzyme-Substrate Interactions from Square-Wave Protein-Film Voltammetry 

of Complex Electrochemical-Catalytic Mechanism Associated with Reversible Regenerative Reaction" Journal of Electroanalytical Chemistry 866 

(2020) https://doi.org/10.1016/j.jelechem.2020.114189  

14. Rubin Gulaboski, Valentin Mirceski, Sebojka Komorsky Lovric, Milivoj Lovric, "THREE-PHASE ELECTRODES: SIMPLE AND EFFICIENT 

TOOL FOR ANALYSIS OF ION TRANSFER PROCESSES ACROSS LIQUID-LIQUID INTERFACE. TWENTY YEARS ON" Journal of Solid 

State Electrochemistry 24 (2020) https://link.springer.com/article/10.1007/s10008-020-04629-8 

15. Rubin Gulaboski, Valentin Mirceski, SIMPLE VOLTAMMETRIC APPROACH FOR CHARACTERISATION OF TWO-STEP SURFACE 

ELECTRODE MECHANISM IN PROTEIN-FILM VOLTAMMETRY, Journal of Solid State Electrochemistry 24 (2020) 

https://link.springer.com/article/10.1007/s10008-020-04563-9. 

16. Rubin Gulaboski, Milkica Janeva, Pavlinka Kokoskarova, " Multistep Surface Electrode Mechanism Coupled with Preceding Chemical Reaction-

Theoretical Analysis in Square-Wave Voltammetry" Analytical and Bioanalytical Electrochemistry 12 (2020) in press. 

17. S. Petkovska, Rubin Gulaboski*, Theoretical Analysis of a Surface Catalytic Mechanism Associated with Reversible Chemical Reaction under 

Conditions of Cyclic Staircase Voltammetry,  Electroanalysis 32 (2020) 992-1004. 

18. Valentin Mirceski, Leon Stojanov, Rubin Gulaboski, " Double-sampled Differential Square-Wave Voltammetry" Journal of Electroanalytical 

Chemistry 866 (2020) in press  

19. P. Kokoskarova, M. Janeva, V. Maksimova, Rubin Gulaboski*, "Protein-film Voltammetry of Two-step Electrode Enzymatic Reactions Coupled with 

an Irreversible Chemical Reaction of a Final Product-a Theoretical Study in Square-wave Voltammetry", Electroanalysis 31 (2019) 1454-1464, DOI: 

10.1002/elan.201900225 

https://doi.org/10.1016/j.jelechem.2020.114189


20. P. Kokoskarova, Rubin Gulaboski*, Theoretical Aspects of a Surface Electrode Reaction Coupled with Preceding and Regenerative Chemical Steps: 

Square‐wave Voltammetry of a Surface CEC’ Mechanism, Electroanalysis (2019) 333-344 doi.org/10.1002/elan.201900491   

21. Rubin Gulaboski, Theoretical contribution towards understanding specific behaviour of “simple” protein-film reactions in square-wave voltammetry”, 

Electroanalysis, 31 (2019) 545-553. 

22. V. Mirceski, D. Guziejewski, L. Stojanov, Rubin Gulaboski, Differential Square-Wave Voltammetry, Analytical Chemistry 91 (2019) 14904-14910 

https://pubs.acs.org/doi/abs/10.1021/acs.analchem.9b03035. 

23. Rubin Gulaboski, P. Kokoskarova, S. Petkovska, Time independent methodology to assess Michaelis Menten constant by exploring electrochemical-

catalytic mechanism in protein-film cyclic staircase voltammetry, Croat. Chem. Acta, 91 (2018) 377-382. 

24. Rubin Gulaboski, I. Bogeski, P. Kokoskarova, H. H. Haeri, S. Mitrev, M. Stefova, Marina, J. Stanoeva-Petreska, V. Markovski, V. Mirceski, M. Hoth, 

and R. Kappl, New insights into the chemistry of Coenzyme Q-0: A voltammetric and spectroscopic study. Bioelectrochemistry 111 (2016) 100-108.  

25. V. Maksimova, L. Koleva Gudeva, Rubin Gulaboski, K. Nieber, Co-extracted bioactive compounds in Capsicum fruit extracts prevent the cytotoxic 

effects of capsaicin on B104 neuroblastoma cells, Rev. Bras. Farmacogn. 26 (2016) 744-750. 

26. V. Mirceski, R. Gulaboski, J. Phys. Chem B, 110 (2006) 2812-2820 

27. Rubin Gulaboski, V. Markovski, and Z. Jihe, Redox chemistry of coenzyme Q—a short overview of the voltammetric features, Journal of Solid State 

Electrochemistry 20 (2016) 3229-3238. 

28. Haeri, Haleh H. I. Bogeski, Rubin Gulaboski, V. Mirceski, M. Hoth, and R. Kappl, An EPR and DFT study on the primary radical formed in 

hydroxylation reactions of 2,6-dimethoxy-1,4-benzoquinone. Mol. Phys. 114 (2016) 1856-1866.  

29. V. Maksimova, V. Mirceski, Rubin Gulaboski, L. Koleva Gudeva and Z. Arsova Sarafinovska, Electrochemical Evaluation of the Synergistic Effect 

of the Antioxidant Activity of Capsaicin and Other Bioactive Compounds in Capsicum sp. Extracts, Int. J. Electrochem. Sci. 11 (2016) 6673 – 6687 

30.   Rubin  Gulaboski and  V. Mirceski, New aspects of the electrochemical-catalytic (EC’) mechanism in square-wave voltammetry, Electrochimica 

Acta, 167 (2015) 219-225. R Gulaboski, F Borges, CM Pereira, M Cordeiro, J Garrido, AF Silva, Combinatorial chemistry & high throughput screening 10 (2007), 

514-526 
 

 

https://doi.org/10.1002/elan.201900491
http://eprints.ugd.edu.mk/15914/
http://eprints.ugd.edu.mk/15913/
http://eprints.ugd.edu.mk/15641/
http://eprints.ugd.edu.mk/15641/
http://link.springer.com/search?facet-creator=%22Rubin+Gulaboski%22
http://link.springer.com/search?facet-creator=%22Rubin+Gulaboski%22
http://link.springer.com/search?facet-creator=%22Rubin+Gulaboski%22
http://link.springer.com/search?facet-creator=%22Rubin+Gulaboski%22
http://link.springer.com/search?facet-creator=%22Rubin+Gulaboski%22

