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This talk will describe the synthesis, functionalization, and quantum transport properties of silicon
diamondoids—atomically precise clusters of crystalline silicon. First, we describe strategies for the gram-scale
synthesis and regioselective functionalization of the fundamental silicon diamondoid cluster, sila-
adamantane.’ Mechanistic insights support that an aluminate-stabilized silylium at the 2-position of sila-
adamantane is the terminal intermediate in its isomerization synthesis; we can intercept this intermediate to
install halides at the 2-position. In addition, we can tetra-substitute sila-adamantane at its bridgehead positions
with the same or different functional group and can precisely edit the skeletal structure of the all-silicon
adamantyl core. As sila-adamantane represents the ultimate limit of miniaturization for nanocrystalline silicon,
these regioselective functionalization strategies provide the means for probing structure-property relationships
in nanocrystalline silicon at an atomically exact level. For example, our studies on the optical properties of
functionalized sila-adamantanes suggest that the surface-sensitive photoluminescent properties observed in
silicon nanocrystals arise from their functionalization at tertiary surface sites, not secondary surface sites.
Finally, we will discuss how the symmetry and dimensionality of silicon diamondoids gives rise to unusual
guantum interference effects in conductive single-molecule junctions studied with the scanning tunneling
microscopy break-junction (STM-BJ) technique.” We can chemically tune these quantum interference effects
via regioselective substitution and harness them to create switchable molecular electronic components. These
findings define the molecular origins of the fundamental difference between linear polysilanes and three-
dimensional crystalline silicon in the context of charge transport.
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