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Abstract 

 Ion-selective electrodes  are  analytical tools characterized with sensitivity, selectivity 

and linear range similar to  the tools offered by advanced analytical techniques. Moreover, they 

are  cheap when theirs construction and exploitation is considered, allowing for a range of 

analytical determinations to be carried out. However, one electrode may be used for the 

determination of a single analyte, usually in a stationary mode. This is the reason for proposing 

solutions aimed at enabling multicomponent analyses with potentiometry as a detection 

approach, based on the flow analysis techniques, offering the possibility for non-stationary 

analyses. Using potentiometry in the flow analysis set-up is not a common approach, mostly 

due to the problems encountered when classical ion-selective electrodes with inner filling 

solutions are being utilized. Moreover, implementing such electrodes in a flow analysis set-up 

poses an obstacle when the analysis of more than two analytes is of interest since favourable 

conditions, at which the electrodes work properly, are not easily set. The present dissertation is 

aimed at delivering analytical methods based on the flow analysis set-ups using miniaturized 

flow chambers equipped with ion-selective electrodes sensitive to specific ions. 

 In the first part of the dissertation a literature review is presented. The details on the 

analytical techniques, i.e. potentiometry an flow analysis, are given. Analytical methods, based 

on different flow analysis and potentiometry combinations, are discussed considering the use 

of ion-selective electrodes in a single- and multicomponent analyses of environmental samples. 

Then, the 3D printing technology is outlined in the electroanalytic context. This theoretical part 

is finished with the presentation of the principles of green chemistry and theirs alignment with 

potentiometry as well as flow analysis techniques. 

 In the second part research carried out by the author is presented. Firstly, the research is 

focused on the possibility of utilizing the 3D printing technology in the construction of 

miniaturized flow cells and potentiometric cells designed with the aim of enabling their 

integration with flow manifolds of various types. Optimization and validation of analytical 

methods, based on these components, was based on the consideration of parameters such as the 

limit of detection precision and accuracy. The flow manifolds under consideration are 

distinguished based on the type of the utilized electrode, either coated wire or solid contact 

electrode. The working of the proposed methods and manifolds was verified in the analysis of 

natural waters samples and urine sample, determining potassium, sodium, calcium and 

chlorides in the former samples and potassium, sodium and calcium in the latter. A new 

approach to the analytical calibration was explored in the context of potentiometric analyses, 

that allows for the possibility of eliminating some of the interfering effects. The was verified 

by the analysis of the environmental water samples. Moreover, the use of metal-organic 

frameworks as ion-to-electron transducers in ion-selective electrodes was investigated 

analysing the certified reference materials of environmental water samples. The dissertation 

ends with the conclusions and highlights with respect to the possible directions of future studies.  

 


