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2D nanostructures electronic properties prediction
by AI: tunneling the ab initio mountain
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The importance of 2D nanomaterials has been abundantly demonstrated during the last couple of
decades, either from scientific research or technological developments points of view. Much of the early
interest and research for this kind of materials was fueled by theoretical studies of fundamental
nanostructures such as graphene and carbon nanotubes, which unveiled their remarkable electronic
properties. The theoretical approaches used for the determination of such characteristics, usually termed
as ab initio methods, are based on mathematical formulations of the Schrodinger equation, adapted to be
computationally solvable. However, these methods are traditionally expensive, in terms of
computational capacity and time requirements. It is here where the new computational methods related
with Artificial Intelligence (Al) represent an interesting alternative to conventional ab initio approaches.
This lecture explains recent results on the use of particular types of AI models, termed Deep
Convolutional Neural Networks (DCNNs), which are algorithms of Machine Learning subclass. These
methods have been explored recently to predict Scanning Tunneling Microscopy (STM) images of doped
and/or defective graphene nanoparticles, based on ab initio simulations. Also, DCNNs models have been
applied to the prediction of the spatial distribution of electronic wavefunctions, which are commonly
used to project the volumetric representation of atomic or molecular orbitals. The results demonstrate
that the use of Al models for the analysis of electronic properties of 2D nanostructures as the ones
studied, which include graphene and a MoS: model, would allow for quick and efficient computational
simulations/determination of electronic properties of 2D nanostructures. The discussed research
contributes to implement and assess the impressive expansion of Al methods towards many science and
technology areas, including materials science and nanotechnology.
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