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Abstract

The progress in modern information technology is enabled by miniaturization of transistors which have feature sizes
that are fast approaching ~10 nm scale. However, the mechanism of electron transport, which is well known for the
macroscopic transistors, hasn’t been studied and understood very well in nano-scale systems where quantum
mechanical effects come into play. To address this, we study the electrical properties of one-dimensional silicon and
germanium chains with chain-length 0.3-2 nm, about one order of magnitude smaller than current device sizes. We
create single-molecule circuits by using the scanning tunneling microscope-based break junction technique and study
the conductance (current/voltage) behaviors of different molecular components. We can form stable molecular circuits
with carbon, silicon and germanium (group VI elements) molecular wires terminated with methylsulfide gold-binding
groups and find that they have well-defined conductance signatures. Furthermore, we realize a single molecule
conductance switch activated by compressing and stretching the junction in both silicon and germanium series. With
theoretical support, we demonstrate that the strong conjugation in Si—Si and Ge—Ge c-bonds enables us to observe
and exploit stereoelectronic properties of the sulfur—methylene o bond in single-molecule junctions. We also apply a
high voltage on these molecular junctions and study the bond rupture behaviors across a range of chemical bonds. We
envision that an understanding of electron transport in atomically precise single molecule devices will inform the
design of next-generation electronic circuits.
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