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ABSTRACT

Unveiling atomic defects on a two-dimensional (2D) material is of great industrial and academic interest from the viewpoint
of developing next-generation electronics and optoelectronics based on 2D materials. As the most chemically tractable
case, graphene and related elemental 2D materials have attracted increasing attention in recent years. However, defect
studies on elemental 2D materials beyond graphene remain largely unexplored and are still in their infancy. Here we
report the epitaxial growth of elemental tellurium (Te) mono- and bilayer on Au(100) with a typical helical chain structure.
It has been found that Tes trimer acts as the atomic Lego to form the helical chain during the epitaxy process. Scanning
tunneling microscopy (STM), along with simulation results, unveils that intrinsic defects in Te films are composed of trimer
vacancies (Vtimer). Point spectroscopy and spatially resolved dI/dV mapping show that these intrinsic defects in elemental
Te films possess many unoccupied states, which can act as electron traps, and exhibit bias-dependent orbital
distributions. Furthermore, the freestanding Te film with intrinsic trimer-vacancy defects exhibits excellent environmental
stability. Our findings elucidate the structural and electronic properties of intrinsic defects in Te mono- and bilayers,
offering new insights into atomic defects in 2D materials, where a wealth of exotic physical and chemical properties awaits
exploration.
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