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Introduction 
Еlectrochemical biosensor is a type of sensing devices that utilises a transducer and 

recognition element to determine the presence of an analyte. As an electrochemical 
transducer, conducting polymers have been widely used in biomedical applications 

[1,2,3]. Mainly because conducting polymers offer a variety of technological solutions 

required for the development of electrochemical sensors and biosensors [1]. As a 

recognition element, to obtain the required selectivity of an electrochemical sensor, 

biological receptors (e.g. antibodies, antigens, etc.) or artificially synthesized materials 

as receptors (e.g. molecularly imprinted polymers) to mimic the molecular recognition 

process of biological macromolecules such as substrate-enzyme or antigen-antibody 

may be used [4,5,6].  

Recently, molecularly imprinted polymers (MIPs) attracted a lot of attention, as 

specific molecular recognition sites – binding cavities with controlled size, shape as 

well as functionalities can be formed for specific recognition of the target analyte. 
Sensors with a molecularly imprinted conducting polymer are in tremendous interest, 

because they are mainly based on the electrochemically deposited polymeric matrix 

enabling us to design sensing films that are having various physical properties [1,7]. Up 

to now polyaniline, polypyrrole, polythiophene, and poly(3,4-ethylenedioxythiophene) 

are frequently used conducting polymers in the design of sensors and biosensors [1,2]. 

Polypyrrole has attracted special interest in development of economic and sensitive 

biosensors due to high conductivity, easy synthesis from water-based solutions, stability 

and good mechanical properties [2,7]. Electrochemical activity, electrical conductivity, 

mechanical elasticity, biocompatibility, and environmental stability of conducting 

polymers are mostly desired properties required for the advancement of sensing 

performance of analytical and bioanalytical systems. These properties of the films are 

easily controlled by changing electrochemical polymerization conditions such as 
electrode potential, current density or solvent type [2,3].  

Wide range of analytes can be analysed by using such electrochemical sensors and 

biosensors. The electrochemical sensor can be designed for selective detection by 

molecular imprinting with large molecules such as C-reactive protein [3] and SARS-

CoV-2-S spike glycoprotein [4], as well as small analytes like uric acid [5,6] or 

methylene blue. 

 

Methodology 
 Materials:  

Methylene blue (Alfa Aesar, Germany), pyrrole (Sigma-Aldrich, Germany) 

distilled before use, CH3COCH3 of analytical grade (Alfa Aesar, Germany). 

Water (deionized), heparin (Rotexmedica, Germany), Britton-Robinson buffer: 

H3BO3 and H3PO4 (Alfa Aesar, Germany), CH3COOH and KCl (Carl Roth, 

Germany), NaOH (Stanlab, Poland).  

 Instruments:  

Galvanostat/potentiostat Metrohm DropSens equipped with Dropview 

software, a spectrometer USB4000-FL equipped with SpectraSuite software 

(Ocean Optics, Largo, FL, USA), pH-meter ProLine Plus (Q-i-s, Oosterhout, 
The Netherlands). 

 Polymerization process:  

Three-electrode system was setup of Indium Tin Oxide (ITO) glass slide 

(Sigma-Aldrich, Steinheim, Germany), as a working electrode, Ag/AgCl wire 

as a reference electrode and platinum wire (CH Instruments, Austin, TX, USA) 

as a counter electrode. Electropolymerization was carried out by cyclic 

voltammetry in aqueous mixture of pyrrole (50 mM), methylene blue (10 mM) 

and heparin (0.01 g/l) in the range of -0.4 V to +1.0 V for 5, 7, 10 and 15 

cycles. 

 The evaluation of the layers was performed in Britton-Robinson buffer with 

spectro-chronoamperometric measurements simultaneously using 
chronoamperometry in the range of -0.8 V to +0.8 V potential for five pulses 

each of 10 s and UV/Vis spectroscopy at 668 nm and 750 nm wavelengths. 

 

Results and discussion 

 
Figure 1: The final electropolymerization cycles of polypyrrole layers. 

Numbers 5, 7, 10, and 15 indicate number of polymerization cycles. 
 

 

 
Figure 2: Dependence of the absorption on the number of cycles of the 

polypyrrole-methylene blue layer at absorbance spectra maximum of methylene 

blue at 668 nm and absorbance spectra maximum of polypyrrole at 750 nm.  
∆A was calculated from the formula: ∆A = A-0.8V – A+0.8V 

 

Conclusions 
The largest changes in optical absorption at 668 nm and 750 nm wavelengths were 

observed in the polypyrrole layer polymerized through 15 potential cycles, meanwhile, 

the smallest changes were observed using the polypyrrole layer polymerized through 5 

potential cycles.  
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