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Abstract
This study explores the optical property variations of bilayer tungsten disulfide (WS:2)
under different transfer methods and further extends to the optical behavior of one-
dimensional nanoscroll structures. Monolayer WS: was synthesized via chemical vapor
deposition (CVD), and bilayer structures with strong or weak interlayer coupling were
fabricated using one-step and two-step dry transfer techniques, respectively. A 532 nm
laser Raman spectrometer was used to measure photoluminescence (PL) and Raman
spectra, examining how coupling affects optical responses. Results show that one-step
transfer produces tightly coupled bilayers with smaller interlayer spacing, leading to an
indirect bandgap, significantly reduced PL intensity, and a redshift in the E%g Raman
peak. In contrast, two-step transfer introduces residual organics that increase interlayer
spacing, weaken coupling, and result in PL enhancement and a blueshift. To further
validate the relationship between interlayer distance and band structure, density
functional theory (DFT) simulations were performed and successfully reproduced the
transition from indirect to direct bandgap, consistent with experimental findings. In
extended studies, WS. nanoscrolls were fabricated, and solvent molecules trapped
during the scrolling process similarly increased interlayer spacing, enhancing PL
intensity. After high-power laser annealing, the organics evaporated, interlayer coupling
was restored, and PL intensity nearly vanished. Overall, the results confirm that
interfacial residues introduced during transfer and scrolling processes critically affect
the PL properties of WS, offering valuable insight for the design of future
optoelectronic devices and tunable nanomaterials. design of future optoelectronic

devices and tunable nanomaterials.
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