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Abstract— Advanced manufacturing technologies are rapidly driving chemical sensing materials
toward the atomic scale, enabling unprecedented control over sensing performance and underlying
mechanisms [1]. Among these advances, single-atom catalysts (SACs), fabricated via atomic-scale
manufacturing (ASM) strategies, have emerged as a highly promising class of sensing materials
due to their well-defined active sites, maximized atomic utilization, and unique physicochemical
properties [2]. The stability of isolated atomic sites and their coordination environments plays a
critical role in determining sensing sensitivity, selectivity, and response dynamics.
This presentation systematically introduces atomic-scale chemical sensing, covering aspects from the
fundamental concept of atomic-scale manufacturing to the elucidation of manufacturing and sensing
mechanisms, as well as from fabrication strategies to practical sensing applications. We explore
the fundamental mechanisms governing the formation of atomic-scale sensing materials and their
sensing behaviors, with particular emphasis on the synergistic effects between electronic structure
modulation and surface interactions at the atomic level. Key manufacturing techniques, including
atomic layer deposition, atomic force microscopy, and spatial confinement strategies, are summarized,
as they enable precise control over the dispersion of single atoms and the construction of local
chemical environments.
Furthermore, representative advances in ASM-enabled sensing materials are highlighted, demonstrat-
ing their excellent performance in gas detection [3], environmental monitoring [4], and biomedical
diagnostics [5, 6]. Despite the significant progress achieved, challenges remain in realizing scalable
synthesis, long-term stability, and real-time applicability of single-atom sensing systems. Finally, fu-
ture research directions are proposed, emphasizing that the development of synergistically controlled
fabrication strategies, guided by structure-property relationships and mechanistic understanding, is
essential for addressing the critical issue of performance consistency in sensor arrays. Meanwhile,
advancing array-based and scalable manufacturing processes and accelerating the deployment of
sensors in industrial scenarios will be key to promoting the rapid development of next-generation
chemical sensors.
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