HealthNet flexible electronics based on carbon fiber modified with polyelectrolytes for ions determination
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Human health monitoring involving non-invasive analysis of biological fluids requires reliable analytical methods. The most common for these purposes is the group of electrochemical methods due to high sensitivity and selectivity, fast response, availability, and good compatibility. In particular, ion-selective sensors have found wide application in various areas of analysis, including clinical diagnostics [1]. It is also known that sensor platforms based on fibrous textiles as a substrate open up prospects for the creation of wearable non-invasive sensors that allow real-time results [2].
Our approach is to create carbon fiber ion-selective electrodes for the development of wearable flexible electrochemical platforms. Carbon fiber was chosen as a conductive substrate due to its availability, low cost, flexibility, and the possibility of using it for measuring the determined components in microvolumes of the sample.
A key step in the development of sensors is the modification of carbon fiber with polyelectrolyte (PE) solutions. The working surface of the electrode was nanostructured using a Layer-by-Layer (LbL) assembly, including a stepwise electrostatic assembly of oppositely charged particles on the substrate surface [3]. This allows you to create a highly functional coverage. Thus, a polyionic assembly is formed on the carbon surface, forming a pseudo-internal solution and acting as an ion-electronic transducer.
The adsorption of polyethylene layers was studied by quartz crystal microbalance (QCM) measurement and scanning electron microscopy (SEM). The formation of polyelectrolyte complexes was proved, probably due to their electrostatic interaction. It has been shown by electrochemical impedance that the ion-selective membrane is permeable to the ions being determined.
Ion-selective electrodes were obtained for each ion, such as potassium, sodium, calcium, and pH electrodes. Their electroanalytical characteristics have been studied. The electromotive force (EMF) was measured between the ISE and a commercial Ag/AgCl reference electrode. Calibration plots for sodium and calcium ions show the Nernst response over a concentration range of 10-4 to 1 M. The ISM for potassium ions determination shows a low slope concerning the Nernstian.
Thus, ion-selective electrodes were developed based on carbon fiber, modified with polyelectrolytes, selective to potassium, sodium, calcium ions and pH. The electroanalytical characteristics of the obtained electrodes were studied. In the future, the developed electrodes will be used in biological fluids to determine the main parameters. Then it is necessary to combine several sensors into a one-touch platform. After that, the sensor platform is integrated into various devices with software to transmit and transform the analyzed object's received data.
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