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Abstract: Aiming to address the challenges posed by the structural diversity of synthetic cathinones,
the strong library dependence of traditional detection techniques, and their weak capability in identi-
fying unknown compounds, this study proposed an intelligent analysis system based on machine
learning integrated with gas chromatography—mass spectrometry (GC—MS) technology. Leveraging
spectral features derived from GC-MS analysis of synthetic cathinones, combined with insights from
molecular structures and mass spectrometric fragmentation rules, secondary classification features
were constructed by systematically summarizing and refining fragment ion patterns. An intelligent
analysis and precise identification platform for the characterization of synthetic cathinones was devel-
oped to precisely characterize their features utilizing Python and PySide6. Experimental results dem-
onstrated that the developed intelligent analysis system for characterizing synthetic cathinones
achieved a model accuracy of 98. 41%, precision of 94. 03%, recall of 100%, specificity of 97. 88%,
F1 score of 96. 92%, and balanced accuracy of 98. 94%. The approach not only boasted high identifi-
cation accuracy and strong interpretability, but also effectively overcame the limitations of traditional
detection techniques and models, thereby offering a novel strategy for the identification of new psy-
choactive substances.
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