Observation of the annealing-induced phase-transition in monolayer-MoS,

on gold film
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Abstract

The polymorphic features of two-dimensional transition metal dichalcogenides materials such as Molybdenum Disulfide (MoS,)
exhibit unique and fascinating optical and transport properties with immense potential in device applications. Here, we report the
structural phase transition of monolayer MoS, from the trigonal semiconducting 1H-phase to the distorted octahedral quasi-metallic
1T’-phase. Of which, we observe a tunable inverted gap (~0.50eV) and a fundamental gap (~0.10eV) in quasi-metallic monolayer-
MoS,. Using spectral-weight transfer analysis, we find that the inverted gap is attributed to the strong charge-lattice coupling in 2D-
TMDs. Using a comprehensive experimental study involving transport, Raman, photoluminescence (PL) and synchrotron-based
photoemission spectroscopy (PES), supported by theoretical calculations, we monitor the 1H-to-1T’ phase-transition in monolayer-
MoS,/Au as a result of high-temperature annealing and study the changes in its optical and electronic properties. We made further
clarifications that the effects of electron-doping from gold, further facilitated by the presence of interfacial tensile strain, are the
primary mechanisms which result in this 1H-1T" structural phase transition, thus resulting in the formation of the inverted and
fundamental gaps. Results from our study highlight the pivotal role that charge-lattice coupling play that lead to the intrinsic
properties of the inverted and fundamental gaps and polymorphism of MoS,, thereby unleashing new possibilities for the use of 2D-
transition metal dichalcogenide-based device fabrication.
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