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Emerging Trends in Semiconducting Gas-selective Sensing
Probes for Skin Diagnostics
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Introduction of semiconducting gas sensors in addressing a range of health conditions,
from metabolic disorders to chronic diseases [1].

The integration of advanced sensor technologies with biomedical Another emerging trend is the integration of gas-selective sensing
diagnostics has paved the way for innovative approaches to health monitoring. probes with digital health technologies, including smartphones and cloud-
Among these advancements, semiconducting gas-selective sensing probes based analytics. These integrated systems enable seamless data acquisition,
for skin diagnostics represent a promising frontier. These sensors have the processing, and interpretation, allowing users and healthcare providers
potential to revolutionize non-invasive diagnostic techniques by detecting to access diagnostic information remotely. The use of machine learning
and analyzing volatile organic compounds (VOCs) and gaseous biomarkers algorithms and artificial intelligence (Al) further enhances the accuracy and
emitted from the skin. Such biomarkers can provide valuable insights into predictive power of these systems by identifying patterns and correlations in
physiological and pathological conditions, making these probes highly relevant sensor data. This convergence of sensing and digital technologies represents
for personalized medicine, disease monitoring, and wellness applications. a significant step toward personalized and predictive healthcare. Despite
Semiconducting materials, particularly metal oxide semiconductors (MOS), their potential, semiconducting gas-selective sensing probes face several
are widely employed in gas sensing due to their high sensitivity, robustness, challenges that must be addressed to fully realize their applicability in skin
and ability to operate across a wide range of conditions. For skin diagnostics, diagnostics. One major limitation is the interference from environmental
these materials are engineered to selectively detect specific gaseous factors, such as humidity, temperature, and external contaminants, which
molecules, such as ammonia, acetone, ethanol, and hydrogen sulfide, which can affect sensor performance. Strategies to mitigate these effects include
are associated with various metabolic and disease processes. The detection the development of advanced sensor coatings, temperature compensation
mechanism relies on changes in the electrical properties of the semiconductor techniques, and robust signal processing algorithms. Ensuring the long-term
when it interacts with target gases, enabling the real-time monitoring of stability and durability of these sensors is also critical, particularly for wearable
biomarker levels. applications that require prolonged contact with the skin. Biocompatibility is
another crucial consideration in the design of gas-selective probes for skin
diagnostics. The materials used in these sensors must be non-toxic and non-
irritating to ensure safe and comfortable interaction with the skin. Researchers
) o ) ) ) are exploring the use of bio-inspired and organic semiconductors, which

The design and fabrication of semiconducting gas-selective probes ofrer improved compatibility and functionality for skin-contact applications.
for skin applications require careful consideration of material properties,  aqgitionally, the miniaturization of sensors and the integration of wireless

device architecture, and biocompatibility. Advances in nanotechnology have  ¢ommunication modules can further enhance the usability and practicality of
enabled the development of nanostructured semiconducting materials, such these devices [2,3].

as nanowires, nanotubes, and nanoparticles, which offer enhanced surface

area and improved gas-sensing performance. These nanostructures facilitate Looking ahead, the development of multifunctional gas-selective sensing
higher sensitivity and faster response times, making them ideal for capturing ~ Probes is an exciting avenue for research. By combining gas sensing with
low concentrations of VOCs emitted from the skin. Moreover, the incorporation ~ Other diagnostic modalities, such as optical, thermal, or electrochemical
of functional coatings and dopants further enhances the selectivity of these ~ Sensing, these devices can provide a more comprehensive assessment
sensors, allowing them to distinguish between multiple gaseous biomarkers ~ Of physiological conditions. For example, a multifunctional sensor that
in complex mixtures. One of the most significant trends in this field is the shift ~ Simultaneously measures skin temperature, hydration, and gaseous
toward wearable and flexible sensor platforms. Conventional gas sensors, ~ biomarkers could offer a holistic view of a patient's health status, enabling
often bulky and rigid, are being replaced by lightweight, flexible devices that early detection and intervention for a wide range of conditions. The potential
conform to the skin surface. This transformation is driven by advancements  applications of semiconducting gas-selective sensing probes extend beyond
in flexible electronics and materials science, enabling the integration of  individual health monitoring. In a broader context, these sensors could play
semiconducting gas sensors into wearable patches, textiles, and smart a vital role in public health and environmental monitoring. For instance, they
devices. Such innovations not only improve user comfort and compliance but ~ could be used to detect airborne pathogens or pollutants that pose health
also facilitate continuous, real-time monitoring of health parameters in anon-  fisks, offering a valuable tool for epidemic control and environmental safety.
invasive manner. For instance, wearable gas-selective sensing probes have Furthermore, the ability to monitor stress-related VOCs could provide insights
shown potential in monitoring glucose levels in diabetic patients through the ~ into mental health, opening new possibilities for addressing the growing
detection of acetone in sweat or breath. Similarly, ammonia sensors are being ~ burden of psychological disorders [4,5].

explored for their ability to assess kidney function, as elevated ammonia levels
are indicative of renal impairment. These applications highlight the versatility CO"C'USiOﬂ
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quality of life on a global scale.
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