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Abstract: Two-dimensional materials are expected to become key components for novel applications for not 
only electronic devices but also for energy storage applications including super capacitors and batteries 
because of their exotic properties. Fully understanding of most of material properties needs an atomistic 
description from quantum mechanics. In this respect, we present the investigation of several state-of-the-art 
2D systems from first-principles calculations based on the density functional theory.  Examples will include 
mechanical properties for friction of sliding of graphene or transition metal dichalcogenide layers, the 
electronic transport properties of the hybrid metallic-semiconducting lateral junctions formed between 
metallic (1T and 1Td) and semiconducting (2H) phases of MoS2, energy applications as high capacity anode 
material for battery and supercapacitors, peculiar piezoelectric properties of various 2D systems, and layered 
perovskites for solar cells [1-8]. 
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Fig. 1. Atomistic models of various 2D systems. 
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