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Highlights 

 The physicochemical parameters required for mathematical modeling were 

either found in literature or estimated on the basis of experimental data. Thus, 

the applicability of the developed model is not limited by the dataset or 

biosensor design.  

 The developed cyclic voltammetry simulator was applied for interpreting the 

experimental results at various mediator concentrations, membrane 

thickness/compositions and operating conditions of the proposed multi-layer 

biosensor system. 

 An accurate electrochemical, morphological and microscopic characterization 

of the biosensor system coupled with the model predictions allowed to identify 

the parameters crucial for the stable biosensor response. 

 Based on the model predictions, a more favourable design of the biosensor 

system was developed, which subsequently reduced the reagent usage and 

waste generation. 

 

 

Abstract 

Design, optimization and integration of biosensors hold a great potential for the development of cost-effective screening and point-of-

care technologies. However, significant progress in this field can still be obtained on condition that sufficiently accurate mathematical 

models will be developed. Herein, we present a novel approach for the improvement of mechanistic models which do not only combine 

the fundamental principles but readily incorporate the results of electrochemical and morphological studies. The first generation glucose 

biosensors were chosen as a case study for model development and to perform cyclic voltammetry (CV) measurements. As initial step in 

the model development we proposed the interpretation of experimental voltammograms obtained in the absence of substrate (glucose). 

The model equations describe dynamic diffusion and reaction of the involved species (oxygen, oxidized/reduced forms of the mediator – 

Prussian Blue/Prussian White). Furthermore, the developed model was applied under various operating conditions as a crucial tool for 

biosensor design optimization. The obtained qualitative and quantitative dependencies towards amperometric biosensors design 
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