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ABSTRACT

	We present direct experimental evidence for a thickness-driven crossover from an indirect to a direct band-gap in PbI2 thin films. Using angle-resolved photoemission spectroscopy (ARPES) performed on films grown by molecular beam epitaxy on graphene/SiC, we observe a shift of the valence band maximum (VBM) from a position between Γ̅ and M̅ in monolayers to the Γ̅ point in multilayers. This transition is accompanied by a dimensional crossover from a two-dimensional electronic structure in monolayers to three-dimensional dispersion in thicker films.
	Our measurements are in excellent agreement with density functional theory calculations. The results identify the interlayer hybridization of iodine pₓ and pz orbitals as the driving mechanism for the band-gap transition. We further confirm that the VBM in multilayer PbI₂ resides at the A point of the bulk Brillouin zone, consistent with the emergence of a direct band-gap in the 2H polytype.
	These findings provide a direct spectroscopic signature of band-gap tunability in a layered semiconductor, with implications for optoelectronic device applications.


