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Abstract — This study investigates a plasma-based process for the selective introduction of surface sulfur vacancies (S-
vacancies) in molybdenum disulfide (MoS,) thin films grown by chemical vapor deposition (CVD) using argon (Ar)
plasma. By varying the plasma exposure time from 2 to 16 s and employing Raman spectroscopy, atomic force microscopy
(AFM), X-ray photoelectron spectroscopy (XPS), and Auger electron spectroscopy (AES), a defect-first window was
identified in the 2—8 s range, where sulfur atoms are preferentially removed without structural damage. Raman and AFM
analyses confirmed defect formation, while XPS revealed a decrease in the S/Mo atomic ratio, quantitatively verifying
selective sulfur removal. AES further confirmed the same trend with enhanced surface sensitivity. These conditions are
consistent with literature reports on S-vacancy-induced improvements in electrochemical activity, including reduced
charge transfer resistance, increased double-layer capacitance (C_dl), and enlarged electrochemically active surface area
(ECSA). This approach provides an effective low-damage pretreatment strategy for MoS: surface functionalization and
enhanced catalytic reactivity.
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Fig. 1. (a) Raman spectra of 3-layer MoS, under Ar plasma exposure (2-16 s). (b) AFM line profiles of MoS, after plasma treatment for each
exposure time. (¢) Correlation between Raman wavenumber difference and AFM-measured thickness, with a schematic of the MoS,

layer structure.
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Fig. 2. XPS spectra of the S2p and Mo 3d regions for MoS; before Ar plasma treatment (a) and after 2 s low-power Ar plasma exposure (b).
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Fig. 3. SEM image and AES elemental maps of MoS; before and after Ar plasma treatment.
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Fig. 4. (a) Nyquist plots of MoS; samples subjected to different Ar plasma exposure times. Cyclic voltammograms of (b) pristine and (c)
plasma-treated MoS; recorded at various scan rates (5-25 mV-s™).
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