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Since the discovery of graphene, researchers’ interest in quasi-2D crystals and their
monolayers has grown steadily, driven by their fascinating characteristics and the vast
possibilities they offer for the development of new quantum materials with unprecedented
properties. However, producing monolayers of good quality, sufficient size and on a large
scale remains a major challenge to date.

In this context, this work explores an innovative method of gold-assisted exfoliation aiming
to produce macroscopic flakes of monolayers. This study uses angle-resolved
photoemission spectroscopy (ARPES) to detect these monolayers and characterize their
specific electronic structure.

Research has been conducted on two distinct materials: black phosphorus, a semiconductor
whose bandgap size varies significantly depending on the number of atomic layers, and
tungsten diselenide (WSe2), a semiconductor belonging to the transition metal
dichalcogenide family, which undergoes a transition from an indirect to a direct gap when
going from bulk to monolayer form. Additionally, the behavior of the latter after alkali doping,
both in bulk and monolayer form, has been studied.

The accurate and rapid identification of monolayers by spectroscopy required the
development of an ingenious method, involving the development and installation of a new
microscope on the ARPES setup. This microscope stands out for its ability to capture optical
images of sample surfaces under ultra-high vacuum conditions.

This exploratory work enabled the identification of monolayer flakes of macroscopic size,
confirming the success of the gold-assisted exfoliation method. Furthermore, it revealed a
series of interesting and unexpected phenomena, demonstrating the potential of the
developed approach for research on quasi-2D materials.
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