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Abstract: The combination of surface-enhanced Raman spectroscopy (SERS) and mass spectrometry
(MS) enables multidimensional analytical strategies for precise identification and confirmation of tar-
get compounds, by integrating molecular vibrational fingerprints with ion mass—to—charge ratios and
characteristic fragment information. This article systematically reviews the fundamental principles of
this hyphenated technique, its online and offline coupling modes, and their complementary mecha-
nisms, highlighting recent research advances in fields such as chemical analysis, reaction monitor-
ing, public safety and health, and pharmaceutical and metabolite analysis. Furthermore, the arti-
cle examines the current challenges facing this hyphenated approach, including signal reproducibili-
ty, quantitative correlation, and methodological compatibility. The advancement of highly stable
substrates, the convergence of multimodal imaging, and the implementation of standardized automat-
ed workflows are anticipated to drive significant breakthroughs for this technique in spatial omics and
complex sample analysis, thereby facilitating its extensive application in diverse real-world scenarios.
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schematic illustration of the integrated Raman spectroscopy and mass spectrometry setup(C)™; the real time mass spectra and

SERS spectra of Schiff base reaction monitored with a 1-second time interval ( D)
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