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Catalytic EC’ Processes 

EC’ processes - why are they important? 
• electrocatalysis, 
• electrochemical sensors, 
• catalytic hydrogen evolution, 
• carbon dioxide electroreduction, 
• bioanalytical applications: 

- electrochemistry of enzymes, nucleic acids and amino acids. 
 
 
 



Previous ac treatments 
 

Impedance: 
• Solution involving unevaluated integrals1 

• Approximate solution assuming „diffusion layer theory”2 

 

Cot(ϕ) analysis:1 

• Non-measurable directly, 
• Not an additive function, 
• reduced dimensionality (cot ϕ =Z′/Z″), 
• mathematical complexity, 

 
 
 
 

[1] D. Smith, Anal. Chem. 1963, 35, 602−609 
[2] Sluyters-Rehbach et al., J. Electroanal. Chem. 1969, 23, 457−474 
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Faradaic impedance 
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Surface concentrations 
 

boundary conditions: 

Solution: 
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k/ko [cm-1]: (1) 100, (2) 102, (3) 104, (4) 106, (5) 108. 

R. Jurczakowski, P. Połczyoski, The Journal of Physical Chemistry C, 2014, 118, 7980–7988.  

Rct – potential dependence 
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(theoretical spectra for the EC’ process) 
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(theoretical spectra for the EC’ process) 
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(theoretical spectra for the EC’ process) 
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R. Jurczakowski, P. Połczyoski, The Journal of Physical Chemistry C, 2014, 118, 7980–7988.  

Faradaic impedance 
 



Fenton reaction. Cyclic voltammetry 
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Impedance of Fenton reaction 
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Fenton reaction - Impedance parameters  
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Rct – cathodic limit at E<<E0 ̓ 



P. Połczyński, R. Jurczakowski, W. Grochala, Chem. Commun.,  2013, 49, 7480-7482. 

50mM Ag(I) 
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Silver(I) oxidation – cyclic voltammetry 
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Other possible applications. Solid state ionics  

Lu, X; Kreller, C; Adler, S., J. Electrochem. Soc., 2009, 156, B513-B525 

 

La0.8Sr0.2CoO3-δ 

 



1. Boukamp, B.A.; Bouwmeester, H.J.M., Solid State Ionics, 2003, 157, 29-33 

2. Gonzalez-Cuenca, M.; Zipprich, W.; Boukamp, B. A.; Pudmich, G.; Tietz, F., Fuel Cells 2001, 1, 256-264. 

Impedance Studies on Chromite-

Titanate Porous Electrodes under 

Reducing Conditions.2 

Other possible applications. Solid state ionics  

Zr0.636Y0.091Tb0.273O2-δ 

 



Conclusions 

Analytical solution for EC’ processes was obtained in the rigorous treatment 
together with the potential-dependence of all impedance parameters.  
 
The analytical expression for this limiting Rct value allows for determination of 
many important kinetic and thermodynamic parameters of the catalytic 
systems. 
 
Systems with unequal diffusivities of the redox mediator have a strong effect on 
the impedance characteristics of the catalytic EC′ systems. This behavior is 
related to the novel impedance element derrived in this study.  
 
Impedance features characteristic to the novel element have been frequently 
reported in the experimental studies in solid state Ionics. 
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Homogeneous reaction rate constants 
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