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RESEARCH PROFILE: 
Our interests concern various aspects of fundamen-
tal and applied electroanalytical chemistry related to 
materials chemistry as well as to kinetics and mech-
anism of electrode reactions. Our major research 
achievements are at the borderline of electrochem-
istry, inorganic chemistry and materials chemistry 
with special emphasis on elucidation of mechanisms 
of charge propagation in model mixed-valent poly-
nuclear inorganic systems (polyoxometallates, Prus-
sian Blue type metal hexacyanometallates, hybrids 
with organic conducting polymers) and, later, on 

the relation between the structure of novel materials and their electrocatalytic activity in electrochemi-
cal and photoelectrochemical energy conversion devices (e.g. P. J. Kulesza, I. A. Rutkowska). The advanced 
functional materials can find application in alternative energy sources such as fuel cells (e.g. B. Dembinska), 
biofuel cells and photoelectrochemical cells (e.g. dye-sensitized solar cells, electrolyzers for hydrogen gener-
ations). Furthermore, we are interested in fabrication, characterization and utilization of various functional-
ized and intentionally decorated noble metal nanoparticles (e.g. S. Żołądek). The feasibility of demonstrating 
possible analytical applications, such as determination of highly inert analytes, potential-controlled precon-
centration of certain ions and reactants, amperometric sensing and biosensing should be mentioned here.  
We also concentrate on the description of mechanisms and dynamics of charge propagation of solid, crystal-
line or semi-liquid materials involving reversible redox transitions allowing for charge mediation and storage. 
Special attention is paid to the development and characterization of highly porous nanostructured carbons (in-
cluding graphene nanoplatelets) for charge storage in supercapacitive type devices (e.g. M. Skunik-Nuckowska).  
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Of particular interest is design and characterization of bioelectrocatalytic nanostructured systems with potential 
applications in biofuel cells and analytical biosensors (e.g. B. Kowalewska). In the research, enzymes from the ox-
idoreductase family are used as biocatalysts for the oxidation reaction of the fuel, i.e. glucose, lactates, ethanol. 
Finally, the biomedical aspects of electrochemical research are explored, e.g. to elucidate interactions of plazmid 
DNA with pentamidine in comparison to potential anticancer drug, Cl-IPBD (e.g. H. Elzanowska). Fundamental 
chemical properties of inorganic systems are of our concern as well (e.g. C. Gumiński).

CURRENT RESEARCH ACTIVITIES: 
Our research aims at better understanding of the role of the metal oxide nanostructured additivities that af-
fect the catalytic performance of noble metal nanoparticles with respect to adsorption, desorption and cata-
lytic steps during oxidation of simple organic fuels (e.g. I. A. Rutkowska) or oxygen reduction (e.g. B. Dembińs-
ka, S. Żoładek). We demonstrate and emphasize the importance of interactions with the metal oxide support 
and emphasize its chemical state and activity toward removal of undesirable hydrogen peroxide intermediate 
during the oxygen reduction reaction. We also develop new catalytic systems permitting selective conversion 
(electrochemical, photoelectrochemical) of CO2 to small organic molecules (e.g. I. A. Rutkowska, P. J. Kulesza). 
In bioelectrochemical research, carbon nanostructures (carbon nanotubes, graphene, fullerene) that are ap-
propriately modified are utilized as highly conductive matrices, enabling effective electron transfer from the 
enzyme redox center to the electrode surface (e.g. B. Kowalewska). Finally, electrochemical studies aiming at 
elucidating interactions of plasmid DNA with antifungal and antibacterial compounds are also pursued (e.g. 
H. Elżanowska). High-power capacitor-like batteries are of our concern as well (e.g. M. Skunik-Nuckowska).
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