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Two-dimensional (2D) transition metal dichalcogenides (TMDs) have
emerged as promising materials for next-generation electronic devices due
to their excellent scalability and tunable electronic properties. However,
achieving controllable doping in these atomically thin systems remains a
critical challenge, as conventional approaches often introduce structural
damage. In this talk, | will present our recent work on non-destructive
molecular doping as an alternative strategy to engineer the electronic
properties of TMDs such as WSe2 and MoS2. Using first-principles
calculations, we demonstrate how different organic molecules can
effectively donate or withdraw charge, leading to significant modulation of
carrier type and work function without disrupting the lattice structure. |
will further show that the doping behavior is strongly influenced by both
intrinsic defects and external electric fields. In particular, defects can
enhance or suppress charge transfer, while an applied electric field—
mimicking transistor gating—provides an additional degree of control over
the electronic structure. These effects can be understood through
interfacial charge redistribution and the emergence of molecular states
near the Fermi level. This work provides a physical picture of how
molecule—surface interactions can be harnessed to achieve tunable and
reversible doping in 2D materials, offering practical insights for future
nanoelectronic device design.
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