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Graphene has emerged as one of the leading materials in condensed matter physics due to its
superlative electrical and mechanical properties. With an eye towards expanding its functionality and
applications, this talk will highlight our latest efforts to tailor the surface chemistry of graphene via
chemical functionalization [1]. At the molecular scale, we employ ultra-high vacuum (UHV) scanning
tunneling microscopy (STM) and conductive atomic force microscopy (CAFM) to characterize chemically
modified epitaxial graphene on SiC(0001) [2,3]. For example, a suite of perylene-based molecules form
highly ordered self-assembled monolayers (SAMs) on graphene via gas-phase deposition in UHV [4,5].
Due to their noncovalent bonding, these SAMs preserve the superlative electronic properties of the
underlying graphene while providing uniform and tailorable chemical functionality [6]. In this manner,
disparate materials (e.g., high-k gate dielectrics) can be seamlessly integrated with graphene, thus
enabling the fabrication of capacitors, transistors, and related electronic/excitonic devices [7].
Alternatively, via aryl diazaonium chemistry, functional polymers can be covalently grafted to graphene
[8], while exposure to atomic oxygen in UHV enables chemically homogeneous and thermally reversible
epoxy functionalization of graphene [9]. In addition to presenting opportunities for graphene-based
chemical and biological sensing, covalent grafting allows local tuning of the electronic properties of the
underlying graphene. Beyond UHV STM characterization, this talk will also delineate our most recent
efforts to exploit chemically functionalized graphene in technologically significant applications. Specific
examples include the utilization of graphene oxide as an interfacial layer in organic photovoltaic devices
[10], solution-processed graphene for transparent conductors [11-13] and flexible GHz transistors [14],
pluronic-dispersed graphene for in vivo biomedical applications [15,16], and graphene-titania
nanocomposites as photocatalysts for the production of solar fuels from carbon dioxide [17].
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