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Surface chemistry

Single-Molecule Reaction Cycle
Method selectively interconverts CN surface species

Mitch Jacoby

IN A DISPLAY of uncommonly fine dexterity, researchers have demonstrated a method for selectively breaking and reforming an
N-H bond in a single molecule without perturbing adjacent C-H bonds (Science 2007, 316, 1883). The investigation provides a
model system for future studies of surface reaction mechanisms and may lead to new routes for preparing nanostructures for use i
molecular electronics.
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Cycling A catalytic platinum surface dissociates H, and converts C=N-CH, to C=NH-CH, at room temperature. With the aid of an
STM tip, the process can be reversed at very low temperature.

In recent years, researchers in a number of laboratories have shown that individual molecules can be stimulated with the tip of a
scanning tunneling microscope (STM) and thereby driven to undergo a variety of chemical reactions at will. But in general, those
reactions tend to be irreversible and, in some cases, nonselective.

For example, scientists have used STM tips to remove ligands from surface species or to eject (desorb) molecules from a solid
surface by breaking the molecule-surface bond, both of which are typically one-way processes. In other cases, researchers have
used the instrument tips to dissociate molecules, thereby generating a variety of molecular fragments.

In the present study, which brought together scientists from Japan and the U.S., the research team coupled the STM's single-
molecule capabilities with the catalytic properties of the solid surface on which the molecules were adsorbed to selectively cycle
between reactant and product.

Specifically, the group hydrogenated methylisocyanide (C=N-CH,) to methylaminocarbyne (C=NH-CH;) while monitoring the

reaction of individual molecules using STM. Then, they reformed the starting material by using the STM tip to break the N-H bond i
methylaminocarbyne molecules adsorbed on a frigid platinum crystal. The hydrogenation step is mediated by the Pt(111) surface,
which dissociates hydrogen and catalyzes the reaction between methylisocyanide and atomic hydrogen.

The team, which includes surface chemists Satoshi Katano, Yousoo Kim, Masafumi Hori, and Maki Kawai from Japanese researct
institute RIKEN, as well as University of lllinois, Chicago, chemistry professor Michael Trenary, suggests that further investigation ¢
the CN-metal linkage may lead to alternatives to the thiol-metal linkage widely employed now in molecular electronics studies.

"One of the biggest challenges in STM work is identifying the species observed in the images," Trenary notes. That task was made
possible, in part, due to earlier work in which Trenary's group used a surface-sensitive infrared spectroscopy method to probe the
hydrogenation reaction in monolayers of methylisocyanide. Data interpretation was also aided by the use of inelastic electron
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tunneling spectroscopy, a technique that measures vibrational spectra for individual adsorbed molecules.

University of Washington, Seattle, chemistry professor Charles T. Campbell comments that the "compelling evidence" presented ir
the study was gathered through the group's mastery of several state-of-the-art techniques, including low-temperature microscopy,
single-molecule vibrational spectroscopy, STM-tip-induced chemistry, and surface IR spectroscopy. "The study shows us what
elegant control humankind is now capable of exerting over catalytically active metal surfaces," he says.
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