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Abstract
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Nanostructure materials have witnessed tremendous progress toward the goal of nanoelectronic
devices. Our study describes theoretical approaches to model electronic transport of nanoscale sys-
tems, which are based on the density functional theory (DFT) combined with non-equilibrium Green’s
function method (NEGF). We have explored two-dimensional materials to study a few nanoscale
electronic devices, namely, DNA sequencing, gas sensor and spintronics (magnetic tunnel junction)
devices. For sensing application, we investigate two types of extended line defects in graphene:
octagonal/pentagonal and heptagonal/pentagonal reconstructions and explore the application of this
system as gas sensor and DNA sequencing devices. For gas sensor, our findings show that the
electric current is confined to the line defect through gate voltage control, which combined with the
enhanced chemical reactivity at the grain boundary, makes this system a highly promising candidate
for gas sensor applications. For DNA sequencing, by sampling over a large number of different orien-
tations generated from molecular dynamics simulations, we theoretically demonstrate that distinguish-
ing between the four nucleobases using line defects in a graphene-based electronic device appears
possible. The changes in conductance are associated with transport across specific molecular states
near the Fermi level and their coupling to the pore. Additonally, for gas sensing application, we
present first principle calculations of current-voltage characteristics and conductance of Au(111):S2-
biphenyl-S2:Au(111), showing the quantum interference behavior depending on the type of exposed
gases. In the case of spintronics application, we evaluate the performance of MoSs-based tunnel
junctions using Fe3Si Heusler alloy electrodes. We calculate the spin injection efficiency (SIE) and the
magnetoresistance (MR) ratio as a function of the MoS; thickness. We find a maximum MR of 300%
with a SIE of about 80% for spacers comprising between 3 and 5 MoS, monolayers. Our proposed
nanomaterials thus demonstrates the possibility of developing a new generation of electronic devices.
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