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Abstract   

Nowadays, the rapid development of civilization entails an increase in energy consumption. The content of 

the work is in the main stream of the research for new proton conducting materials exhibiting high electrical 

conductivity and temperature operating range above 100 OC (anhydrous condition), which can be used as 

solid electrolyte membranes in fuel cells or batteries. 

The origin of the electrical conductivity and its percolation nature has been studied in new materials consist 

of microcrystalline cellulose (Cell) as the polymer matrix functionalized with different concentration of 

imidazole (Im) as a dopant. Under anhydrous conditions the composite with the highest content of Im (5Cell-

Im) exhibits electrical conductivity of about 2 × 10-4 S/m at 160 OC. The Nyquist plots of 5Cell-Im are 

asymmetric in the temperature range from 60 OC to 150 OC and can be fitted with two semicircles. Because 

imidazole molecules are only present at the surface of the microcrystalline cellulose grains, the origin of the 

two semi-circles can be explained by the existence of conduction derived from the imidazole layers at the 

grain surface and the contacts between the grains, respectively. 

The percolation model of conductivity was used to simulate the behavior of conductivity as a function of the 

imidazole concentration. This model allows to show the percolation nature of the electrical conductivity and 

the phase transition from an ionic non-conducting to the conducting one has been identified for the first time 

in the Cell-Im composite. Also, the manner in which the clusters of heterocycles are dispersed in the system 

was recognized as not being randomly, probably they are flocculated into some separated regions. 
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