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INTRODUCTION
Hydrogels are a class of water-swollen three-dimensional (3D) polymer network with ability to modulate their physicochemical properties. This tunability facilitates their adaptation to specific functional demands across a wide range of environmental conditions and application domains 1. In recent years, hydrogels have garnered significant attention for applications in energy storage and conversion, primarily due to their semi-solid nature and intrinsic mechanical flexibility 2. Designing composite hydrogel materials by suspending various particles in their structure allows for the creation of materials with new properties and applications, such as use in electrocatalytic water splitting to produce hydrogen. To ensure proper electrical conductivity, fillers such as carbon-based materials are suspended in the hydrogel structure3. Investigating the electrical properties of such soft materials is a major challenge for researchers. The measuring system must provide the best possible contact between the hydrogel and the electrodes while protecting against solvent evaporation from the hydrogel. 

EXPERIMENTAL/THEORETICAL STUDY
To synthesize conductive hydrogels in a one-step reaction, NIPAAm and BIS-AAm monomers (in a ratio of 35:1) and conductive Carbon Black particles (suspended in the hydrogel at various concentrations) were used. The electrical properties of the prepared hydrogel composite materials were determined based on Electrochemical Impedance Spectroscopy measurements. The hydrogel was polymerized in the Teflon cell (Swagelok type) and terminated with two removable steel blocks, acting as electrodes during measurement. Polymerization of the hydrogel directly in the measuring cell allowed for the creation of maximum hydrogel-electrode contact. Electrodes were connected with the impedance analyzer (2-probe measurement). The impedance spectrum of hydrogel samples was acquired in the frequency range of 1 Hz – 10 kHz and at an amplitude of 10 mV. 
RESULTS AND DISCUSSION 
Hydrogels are soft, flexible and often viscous - all of which can lead to inconsistent contact with the electrode surface, therefore it is crucial to select a suitable measurement system to characterise the electrical properties of hydrogels. The studies showed that the measurement system ensured ideal contact between the investigated hydrogel material and the electrodes, which was facilitated by conducting the polymerization process directly in the measuring cell. Additionally, the obtained results indicate very good repeatability, which confirms that the hydrogel adhered perfectly to the surfaces of both electrodes. The thickness of the hydrogel material located between the measuring electrodes does not impact the obtained impedance modulus result. A clear trend was observed, with increasing carbon content, the hydrogels exhibited lower overall impedance and increased conductivity, especially in the low frequency range. 

CONCLUSION
This paper examined the electrical characterisation of hydrogels, highlighting the challenges and considerations associated with measuring their conductive properties in a two-electrode configuration. It was further found that the influence of the quality of the electrode-hydrogel contact and environmental conditions is crucial to obtain reliable and reproducible data. Future work should concentrate on the development of standard measurement protocols and improved electrode architectures allowing the definition of a gold standard for measuring the electrical properties of hydrogel materials.
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