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The continuous transition to smaller feature sizes using lithography techniques places enormous 

demands on technologies and materials for next-generation energy-efficient electronic devices. 

Particularly, the silicon-based CMOS technology for building integrated circuits will attain fundamental 

limits before long. As a consequence, finding new materials to replace the conventional ones partially 

becomes important to seek new horizons of speed and scale integration. In order to avoid highly capital-

intensive fabrication trials, atomistic scale modeling and holistic frameworks are weighty, which can 

facilitate the demonstration of the functionality of the device from the properties of its constituent 

materials. Two-dimensional (2D) materials such as graphene, phosphorus-based counterpart 

phosphorene, hBN, and transition metal dichalcogenide (TMDs) have shown spectacular Physico-

chemical properties in condensed-matter physics, which make them a priority in a plethora of intriguing 

candidates for newfangled potential nano-electronic applications. The present thesis contributes to the 

theoretical frameworks and numerical illustrations of the electronic transport properties of selected 2D 

materials and analyzes the effects of dopability. Moreover, various aspects of charge transport have 

been addressed by artificial engineering structural defects in monolayer TMDs and the vertical stacking 

of the thin layers in the hetero-layered architecture. Unassociated with empirical parameters, density 

functional theory (DFT) and many-body perturbation theory (MBPT) based carrier transport 

phenomena can rigorously model charge dynamics by considering the material attributes of the in silico 

design along with quantum mechanical effects that matter a lot at the atomic scale. To begin with, we 

have developed a theoretical framework for probing the accuracy limit of electronic transport properties 

with a deliberate emphasis on phonon-limited carrier mobility of TMDs materials by solving the 

Boltzmann transport equations (BTE) in a diffusive regime. The electron-phonon interactions are 

studied from first-principles, whereupon density functional perturbation theory (DFPT) and maximally 

localized Wannier functions (MLWFs) are employed to calculate electron-phonon coupling matrix 

elements. The phonon-limited carrier mobility is measured by considering many-body quasiparticle 

corrections, spin-orbit coupling, and iterative solutions of the BTE. The presented results have shown 

quantitative agreement with the experimental values. Furthermore, we have devoted our efforts to figure 

out the effects of induced states of absorption and adsorption on electronic transport properties of 

phosphorene with the utilization of intrinsic electron-phonon scattering rates. The binding energies 

showed a stronger adsorption capability of phosphorene. The impurity atoms induce donor and acceptor 

eigenstates between the fundamental bandgap, which further evidence the rich diversity in electronic 

transport properties. Subsequently, the structural and electronic transport properties of 2D WSe2 with 

artificially engineering of zero-dimensional defects, ternary SnSe2(1-x)X2x alloys, and 



graphene/hBN/WxMo(1-x) S2 based 2D vertical heterostructures are studied by using DFT in conjunction 

with BTE. In the case of WSe2 and SnSe2 monolayers, results reveal that structural defects cause 

localization of the charge carriers by creating scattering centres, which modulate the electrical 

conductivity and helps to establish the trends between composition and electronic transport properties. 

In addition, we argue that stacking atomic thin-layers with a synergy between them as 

graphene/hBN/WxMo(1-x)S2 2D heterostructures have shown enhanced thermoelectric properties by 

combining the associated advantages while suppressing the individual drawbacks. In a nutshell, this 

thesis bridge the research gap between the 2D materials and multi-scale modeling of their electronic 

transport properties using state-of-the-art theoretical frameworks and computational methods. 


