Mixed-dimensional van der Waals heterointerfaces 
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Two-dimensional (2D) materials have attracted wide attention by the research community in the past decades. Usually referred to as van der Waals (vdW) materials, they own many of their interesting properties and applications to their inherent 2D nature, i.e. the fact that their building blocks are 2D sheets. However, there are other vdW building blocks besides 2D sheets. One example are molecular crystals. Made out of individual molecules, effectively zero-dimensional (0D) building blocks, their 3D solids are held together in virtually all directions by vdW forces. VdW interfaces are atomically abrupt and tend to preserve most of the intrinsic properties of their components. These facts have played a key role in creation of 2D vdW heterostructures. The benefits of vdW interfaces hold regardless of the inherent building blocks dimensionality. Therefore, combining crystalline organic nanostructures and 2D materials opens one of the pathways into mixed-dimensional vdW heterostructures [1].
This talk will focus on heterostructures between 2D materials – mainly graphene, hexagonal boron nitride, and molybdenum disulphide – with small rod-like molecules. The two main considered molecular species are parahexaphenyl (6P) and dihydrotetraazaheptacene (DHTA7), as representatives with phenylene (armchair-like) and acene (zigzag-like) backbones. These molecules form elongated crystalline needle-like nanostructures. As a consequence of the epitaxial relation, these organic nanostructures exhibit self-alignment with high symmetry directions of the 2D material substrates [2].
Organic molecules can be engineered with desired opto‑electronic properties. One such case is DHTA7. Electrical conductivity of DHTA7 organic crystals can be photo enhanced by more than two orders of magnitude [3]. However, their optical absorption is highly anisotropic. Due to their rod‑like structure, the molecules (and consequently their crystallites) can absorb only the light component which is parallel to their molecular backbone. Both their photo conductivity and anisotropic optical response can be harnessed in mixed-dimensional vdW heterostructures. By growing elongated crystallites on hBN using multi-layer graphene as contacts light polarization can be used as “gate” signal in these hybrid devices [3].

The fact that organic nanostructures self‑assemble and self‑align with respect to their 2D material substrates, can be utilized to pattern 2D materials and 2D material‑based field effect devices (FETs) into networks of nanoribbons. Such approach opens even more device design possibilities for mixed-dimensional vdW heterostructures, especially for opto‑electronics and sensing applications. We will present monolithic ribbon networks of graphene and MoS2, integrated into fully operational FETs. Due to an extreme increase of the edge‑to‑surface ratio, the devices were found to exhibit extremely pronounced gate‑dependent polarity switching [4], mimicking behavior of ferroelectric‑supported 2D FETs [5].
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