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The ability to tailor optical and electronic properties of transition metal dichalcogenides (TMDs) from bulk 
to two-dimensional (2D) structures has been widely investigated for photonic and optoelectronic 
applications involving TMDs. Even more opportunities arise when the dimensionality of TMDs is tuned 
from 2D to 3D van der Waals heterostructures or even 1D.  

In this talk, we will discuss new advances on laser-assisted synthesis strategies for the explicit synthetic 
control of morphology and dimensionality of TMDs materials, such as MoS2 and WS2, as well as van der 
Waals heterostructures1. We will demonstrate that Pulsed Laser Deposition (PLD) can be used as a tool to 
tune the oxygen content in metal oxide films, such as MoO3-x and WO3-x by appropriate choice of the 
background gas (Ar versus O2). Ultra-thin oxide films grown by PLD can serve as precursors for the 
synthesis of TMDs and van der Waals heterostructures in a two-step process involving the oxide to sulfide 
conversion in a sulfur-reach atmosphere. Using a joint experimental- theory study, we will reveal that the 
presence of oxygen vacancies in the epitaxial oxide films grown by PLD leads to a more facile conversion 
from oxides to sulfides (Fig. 1a,b). The film morphology and photoluminescence emission of 2D TMDs 
vary significantly with the oxygen content in the oxide precursors. Using atomic resolution imaging we will 
discuss the formation of intrinsic defects in 2H semiconducting crystals of TMDs and unravel the 
emergence of grain boundaries in TMDs upon the coalescence of single crystals of WS2 (Fig. 1c-e). 

 
Figure 1. Pulsed Laser Deposition of WOx with tunable oxygen content followed by sulfurization (a-b). Atomic resolution imaging revealing the 

formation of grain boundaries in PLD-derived films upon coalescence of 2D crystals of WS2 (c-e).  
 
Finally, we will discuss a novel gas-phase synthesis method that yields anisotropic growth of 2D TMDs 
into nanoribbons with optical and electrical properties significantly different from the 2D counterparts, 
alloying a versatile tunability of the dimensionality of TMDs without the use of lithography.  
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