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Fig. 1 The strategy of A. pernyi silk micro-/nano-fibers isolation to prepare silk-based paper. (a) The route of A4. pernyi silk-based
paper preparation. (b) The SEM image of A. pernyi silk fibers and the silk cocoon. (c, d) The SEM images of the disassembled
A. pernyi silk microfibers after DES treated at 90 °C for 6 h. The morphology (e) and the length distribution (f) of 4. pernyi
silk micro/nano-fibers after homogenizing at 8000 r/min for 5 min. The surface morphology (g) of 4. pernyi silk-based paper
and the diameter distribution (h) of these micro/nano-fibers in A. pernyi silk-based paper. (i) The A. pernyi silk paper-based

electrochemical sensor.
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Fig. 2 The conformation of A. pernyi silk protein after isolation. (a) The treatment of DES to disassemble A. pernyi silk fibers.
(b) The IR spectra of original A. pernyi silk fibers and A. pernyi silk micro/nano-fibers. The deconvolution results of original
A. pernyi silk fibers (c) and 4. pernyi silk micro/nano-fibers (d). (¢) The XRD patterns of original 4. pernyi silk fibers and A.

pernyi silk micro/nano-fibers.
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Fig. 3 (a) SEM image of 4. pernyi silk-based paper; (b) SEM image of A. pernyi silk paper-based electrochemical sensor
deposited with MoS,; (c) EDS layered image; (d) Electron image. Elemental mapping of S (e), Mo (f), and O (g) on the
A. pernyi silk-based paper electrochemical sensor deposited with MoS,.
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Fig. 6 Voltage signals generated by different dropping amounts of deionized water (DI) (a), voltage signals generated by sodium
chloride solutions of different concentrations (b), and voltage signals generated by ethanol (EtOH) solutions with different
volume fractions (c). (d, e) The generation of voltage signals from deionized water (DI), methanol (MeOH), ethanol (EtOH),
and isopropanol (IPA) solutions on an electrochemical sensor. (f) Repeatability testing of signals from A. pernyi silk paper-based

electrochemical sensor. (The online version is colorful.)
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Design, Preparation, and Solvent Identification Application of
Antheraea pernyi Silk Paper-based Electrochemical Sensor
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Abstract This study focuses on the development of a sustainable and highly sensitive Antheraea pernyi (A. pernyi)
silk paper-based electrochemical sensor, utilizing the excellent solvent resistance of silk paper as the substrate and
incorporating molybdenum disulfide (MoS,) functional units. The electrochemical sensing principle of this sensor
is based on a transpiration-driven electricity generation mechanism. Different solvents interact distinctly with the
sensor, resulting in transpiration-driven electrical signals with varying characteristics. Although these electrical
signals display complex band-shaped patterns lacking sharp peaks or specific mutation points, they exhibit highly
reproducible trends for specific solvent systems. Consequently, this study further employs a feedforward neural
network to construct a solvent identification model based on the oak silk fibroin ultrafine paper electrochemical
sensor. This model processes and analyzes these complex yet highly repetitive electrical signals. The Al-driven
A. pernyi silk paper-based electrochemical sensor not only accurately identifies solvents with highly similar
chemical structures and properties, such as methanol, ethanol, isopropanol, and deionized water, but also recognizes
chemically similar mixed solvent systems, like varying proportions of ethanol-water mixtures. In 100 identification
tests, the accuracy was 100%. The development of this Al-driven A. pernyi silk paper-based electrochemical
sensor offers a convenient, cost-effective method for rapid and accurate solvent detection, holding significant
implications in fields such as alcohol testing, environmental monitoring, and chemical analysis.
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