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In Short

• Tri-layer systems composed of an organic
molecule embedded between two transition-metal-
dichalcogenide layers represent a new promising
material class for optoelectronic nanodevices.

• Strong exciton couplings, chemical versatility, and
tunable electronic properties are expected to figure
among their attractive features.

• However, the real benefits of this material class
remain largely unknown, as they have not been
deeply investigated.

• The project will address this question. We will
employ the GW method, regarded as the state-
of-the-art for computing the electronic structure
of materials, to accurately evaluate the electronic
properties of bilayer MoS2 with pyridine as inter-
medium, chosen as a benchmark case of this new
material class.

Hybrid inorganic/organic systems (HIOS) con-
sisting of a two-dimensional (2D) transition metal
dichalcogenide (TMDC) monolayer interfaced with a
π-conjugated organic molecule have emerged as a
promising platform for exploring excitonic phenom-
ena, charge transfer mechanisms, and orbital hy-
bridization at the nanoscale [1]. Notably, the modu-
lation of the dielectric environment in TMDC mono-
layers through molecular functionalization has been
demonstrated to induce significant band renormal-
ization, a topic extensively investigated by our group
[2]. Despite the immense potential of such hybrid ar-
chitectures for tunable electronic and optoelectronic
applications, a critical challenge persists: organic
molecules adsorbed on TMDC surfaces are unstable.
A promising strategy to counteract this issue con-
sists of encapsulating the organic molecules within
a TMDC bilayer. While multilayered inorganic TMDC
heterostructures have been widely studied, the fun-
damental characteristics of this material class, hybrid
tri-layer systems involving two TMDC monolayers
and an organic molecule, remain largely unexplored.

These properties are critical for tailoring the perfor-
mance of materials in emerging optoelectronic ap-
plications such as solar cells, photo-detectors, and
light-emitting devices.

In this work, we aim to predict the electronic prop-
erties of a material belonging to this class, namely
molybdenum disulfide (MoS2) monolayers with a π-
conjugated organic molecule (pyridine) positioned as
an intermedium. This is intended to be a prototype
case, as pyridine is one of the smallest π-conjugated
organic molecules, and MoS2 is the simplest, yet
most studied, TMDC. The insights gained from this
representative case will serve as a foundation for
investigating more complex systems belonging to
the same family.

Since this material has not yet been synthe-
sized, our study will have significant predictive value.
Therefore, to ensure high accuracy, we will employ
the state-of-the-art methodology to study electronic
properties, the GW approach, known for results in
excellent agreement with experiments. By obtaining
the electronic structure, we will then be able, in the
second step, to investigate the optical properties of
our benchmark material and assess its potential for
optoelectronic applications. Additionally, our calcula-
tions will also enable us to comprehend which factors
contribute to either enhanced or diminished perfor-
mance regarding optoelectronic applications. This
understanding can, in turn, guide future optimization
efforts.

All calculations will be performed with the
exciting code [3], a full-potential all-electron pack-
age. exciting employs the linearized augmented
plane wave method, the gold standard for solving
electronic structure problems, and can also achieve
the highest numerical precision in GW calculations
[4], two aspects necessary for predictive quality.
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