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We report on the experimental evidence, confirmed by ab-initio calculations, that sulfur vacancies give rise to a novel near-
infrared emission at 0.75 eV in MoS2 flakes and that ripplocations redshift the MoS2 indirect bandgap emission.
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1. Introduction

One of the advantages of two-dimensional (2D) transition
metal dichalcogenides (TMDs), e.g. with respect to graphene,
comes from quantum confinement, enabling the indirect-to-
direct bandgap transition as a function of the thickness [1]. This
particular effect can lead to a strong interaction with light,
envisioning the next generation of visible light-emitting
devices. The analysis of the extended crystal defects, either
intrinsic or extrinsic, in 2D nanoflakes is still in its early stage
and deserves a dedicated approach to understand how novel
electronic and/or optical properties can be engineered by
controlling the nucleation of extended defects. In this respect,
most of the consideration was devoted to the generation and/or
the structural properties of crystal defects [2]. Structural
defects in 2D TMDs, including point defects, ripplocations
(line defects with a dual nature of surface ripple and
crystallographic dislocation [3]) and grain boundaries, are
scarcely considered regarding their potential to affect the
optical properties of this class of materials. A focused analysis
of crystal defects, either intrinsic or extrinsic, in 2D nanoflakes
can clarify how novel optical properties can be engineered by
controlling the nucleation of lattice defects.

2. Results

In this work we report on the experimental evidence of a near-
infrared (NIR) emission from crystalline defects in MoS2
multilayer flakes exfoliated from bulk molybdenite.
Cathodoluminescence (CL) spectroscopy and mapping reveal
that the MoS2 flake’s edges present an intense emission in the
NIR range (peaked at about 0.75 eV) (Figure 1). According to
electron energy loss spectroscopy and mapping (EELS) results
and ab initio calculations of the defect-related intra-bandgap
states energies, the origin of this emission is ascribed to the
high concentration of sulfur vacancies (Vs) (Figure 2). High-
resolution transmission electron microscopy (TEM) and
Raman spectroscopy and mapping show the presence of
ripplocations and assess the defective behaviour of the M0oS2

flake’s edges. In particular, the ripplocations induce a strong
redshift and broadening of the indirect band-to-band transition
of MoS2, peaked at 1.25 eV as evidenced by CL spectroscopy
and mapping [4]. Despite the great attention devoted in the
literature to MoS2 monolayers, we believe that our results will
convince that MoS2 multilayer flakes can be considered good
candidates for future technological applications, provided
tailored defect engineering is achieved. Indeed, since the
chalcogen vacancy has the lowest formation energy for all the
2D TMDCs, our findings have a general validity making the
field of MX2 (M: metal; X: chalcogenide) flakes with
thickness t >1 ML fertile for emerging optical technological
applications with accurately tailored properties

3. Figures

Fig. 1: (a) SEM image of the
MoS2 flake. (b) CL spectrum
of the MoS2 flake (solid line)
and spectrum of molybdenite
as a reference (dashed line).
(c,d) Monochromatic CL
maps at 0.75 eV and 1.07 eV.

Fig. 2: (a) HAADF-STEM image of
the edge of an exfoliated MoS2 flake
and its atomic structure shown in the
inset. (b) EELS spectra obtained in
Two positions marked A and B in a)
with the same number/colour code.
(c) EELS spectrum images of the
green rectangle in a.
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