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Functional Single—~Walled Carbon Nanotube—based Molecular Devices
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Abstract Because of the nature of their one-dimensional structure, good conductivity and excellent ballistic transport prop-
erty, single-walled carbon nanotubes have been considered as an important nanomaterial in building a new generation of
electrical circuits. In this article, we mainly focus on two strategies developed for installing diverse functionalities into sin-
gle-walled carbon nanotube-based molecular transistors: nanolithographic method and surface chemical modification. To
overcome ill-defined contacts between molecules and electrodes, we highlight the current effort and direction in the creation
of reliable single-molecule devices using carboxylic acid-functionalized single-walled carbon nanotubes as nanogapped point
contacts. These contacts are made by high-resolution electron beam lithography and oxygen plasma oxidative etching. Elec-
trically functional molecules are then covalently bridged into the nanogaps through robust amide linkages, thus forming sta-
ble molecular electronic devices. These results open up new opportunities to develop unique single-molecule biosensors with

high selectivity and high speed, which hold great promise in both industrial applications and basic scientific researches.
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Figure 1 (a) Schematic of single-molecule devices using SWNT point contacts, (b) schematic representation of the sensing design showing how sin-
gle-molecule devices can detect proteins at the single-molecule level, (c) SEM images showing highly integrated identical SWNT devices (Inset shows an
optical image of a single-molecule device during real-time measurements), (d) current-versus-time data recorded for an aptamer-rejoined device upon
alternate additions of the thrombin Tris-HCI buffer solution at different concentrations (from 2.6 fmolsL ' to 2.6 pmolsL ' and 2.6 nmoleL "), the 6 mol*
L' guanidine HCI solution, and finally the elastase (3.4 nmoleL ') Tris-HCI buffer solution and (e) /- plot recorded for a Con-A-rejoined device upon
injection of 2.6 fmoleL ™" thrombin in Tris-HCI buffer solution (all the measurements were performed at ¥p,=—50 mV and V=0 V)
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Figure 2 (a) Schematic representation of the sensing process of metallo-DNA-bridged devices, (b) molecular structure of the Cu®'-mediated base pair
and DNA sequences used in this study, (c) the I-V curves of a typical device at different stages and (d) the switching cycles for the same device upon alter-

nate treatments of EDTA and Cu®" ions
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Figure 3 (a) A schematic of SWNT coated by TiO, nanoparticles and a representative AFM image, (b) illustration of how TiO, nanoparticles affect the
device characteristics under UV irradiation and in the dark and (c) time courses of the drain current of an ambipolar device after assembly while UV light
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