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Abstract:

Understanding the electronic properties at the single mo-
lecular level is the first step in designing functional elec-
tronic devices using individual molecules. This paper pro-
poses a simulation methodology for the design of a single
molecular switch. A single molecular switch has two sta-
ble states that possess different chemical configurations.
The methodology is implemented for 1,4-benzene dithiol
(BDT) molecule with gold, silver, platinum, and palladi-
um metal nanoelectrodes. The electronic properties of
the designed metal-molecule-metal sandwich structure
have been investigated using density functional theory
(DFT) and Hartree-Fock (HF) method. It has been per
ceived that the DFT and HF values are slightly different
as HF calculation does not include an electron-electron
interaction term. Computation of the switching ratio
gives the insight that BDT with gold has a high switch-
ing ratio of 0.88 compared with other three metal na-
noelectrodes. Further, calculations of quantum chemical
descriptors, analysis of the density of states (DOS) spec-
trum, and frontier molecular orbitals for both the stable
states (i.e., ON and OFF state geometries) have been car-
ried out. Exploring the band gap, ionization potential,
and potential energy of two stable states reveals that the
ON state molecule shows slightly higher conductivity and
better stability than the OFF state molecule for every cho-
sen electrode in this work. The proposed methodology
for the single molecular switch design suggests an eclectic
promise for the application of these new materials in nov-
el single molecular nanodevices.
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