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The rapid development of advanced electrochemical systems for healthcare, safety, and food quality monitoring requires the design of highly sensitive, stable, and multifunctional biointerfaces. Among emerging nanomaterials, MXenes have attracted significant attention due to their excellent electrical conductivity, hydrophilic surface chemistry, large specific surface area, and outstanding capability for surface functionalization. These unique properties make MXenes highly promising materials for the fabrication of next-generation electrochemical sensing platforms.
This work presents recent advances in the development of MXene-based smart biointerfaces for electrochemical and photoelectrochemical applications. Particular attention is devoted to hybrid structures combining MXenes with metal oxides, conductive polymers, plasmonic nanoparticles, and biofunctional coatings fabricated using Atomic Layer Deposition (ALD), laser processing, and solution-based nanofabrication techniques. The integration of MXenes with microfluidic platforms and flexible electrodes for miniaturized sensing devices is also discussed.
Examples of electrochemical biosensors for the detection of biomarkers, reactive oxygen species (ROS), , and pathogenic microorganisms are presented, highlighting the role of MXene interfaces in improving electron transfer kinetics, signal amplification, antifouling properties, and long-term operational stability. Selected applications in food safety monitoring, including rapid detection of bacterial contamination and chemical hazards, are also demonstrated.
Future perspectives of MXene-enabled electrochemical systems, including multimodal sensing, wearable and implantable platforms, and real-time diagnostics are discussed. The presented research demonstrates the significant potential of MXene-based smart interfaces in the development of advanced technologies for personalized healthcare and food safety applications.



