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TIGaX2 [X = Se, S, Te] is a family of layered 2-D ternary chalcogenides. These p-type semiconductors
have band gaps within the green to ultraviolet range [1] [2] [3], which makes them ideal candidates for
optoelectronic applications.

Current examples of such applications, such as phototransistors [4] and detectors [5] [6], make use of
multistep processes, such as mechanical exfoliation with a PMMA transfer [4], or thin film synthesis via
thermal evaporation [6], which makes potential future scalability of these devices cumbersome. Liquid
phase exfoliation (LPE) is a far more facile process that has been shown to work for a large number of
layered van der Waals materials [7]. Herein, we demonstrate that these TIGaX2 materials can be exfoliated
with a facile one step sonication in IPA, leaving behind little to no residue.

While there have been a number of studies into the electronic structure of these materials, an exact
description of their band structures has yet to be established [6]. Interestingly, despite defect quantification
being an important structure-property relationship in semiconductors, none of its aspects, e.g.
stoichiometry, charge states, structural defects, etc., have yet been fully addressed. For example, while it
was reported that Se vacancies in TIGaSe2 can lead to a change in the nature and size of the bandgap, a
quantitative relationship was not determined 1 Structural defects that are ubiquitous in 2D materials have
demonstrated to exert significant impacts on the materials’ properties. In the past several decades, 2D
TMDs of group VIB metal MX2, like M=Mo, W, and X=S, Se, typically with hexagonal 2H polytype,
have been studied intensively in fundamental structures, properties, and applications. They possess sizable
band gaps in the range of 1.5-2.0 eV,2 corresponding to the red to near infrared regions. While the wider
range of optoelectronic applications require further exploration of novel 2D materials for full cover of the
colour regions. The emerging noble metal TMDs, e.g. PtX2, have recently gained a lot of attention for
expanding the 2D family, due to their fascinating properties such as the layer-controllable transition from
metal to semiconductor, the notable carrier mobility, strong interlayer interaction, anisotropy, and ultrahigh
air stability.3-8
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