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How many argon atoms can fit on the surface
of a carbon nanotube?

January 28 2010

(PhysOrg.com) -- Phase transitions -- changes of matter from one state
to another without altering its chemical makeup -- are an important part
of life in our three-dimensional world. Water falls to the ground as snow,
melts to a liquid and eventually vaporizes back to the clouds to begin the
cycle anew.

Now a team of scientists has devised a new way to explore how such
phase transitions function in less than three dimensions and at the level
of just a few atoms. They hope the technique will be useful to test
aspects of what until now has been purely theoretical physics, and they
hope it also might have practical applications for sensing conditions at
very tiny scales, such as in a cell membrane.

They worked with single-walled carbon nanotubes, extremely thin,
hollow graphite structures that can be so tiny that they are nearly one-
dimensional, to study the phase transition behavior of argon and krypton
atoms.

"The physics can be quite different in fewer than three dimensions," said
David Cobden, an associate professor of physics at the University of
Washington and corresponding author of a paper describing the work
published Friday (Jan. 29) in Science.

Co-authors, all from the UW, are Zenghui Wang, Jiang Wei, Peter
Morse, J. Gregory Dash and Oscar Vilches.
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For their observations, the group used carbon nanotubes, microscopic
cylinders that have some thickness but are very close to being one-
dimensional.

Phase transitions change the density of atoms. In the vapor form, there
are fewer atoms and they are loosely packed. Liquid has more atoms and
they are more tightly packed. The solid is a crystal formed of very tightly
packed atoms. To determine the phase of the argon and krypton atoms,
the researchers used the carbon nanotube much like a guitar string
stretched over a fret. A nearby piece of conducting metal applied an
electrical force to oscillate the string, and the scientists measured the
current to "listen" as the vibration frequency changed - a greater mass of
atoms sticking to the nanotube surface produced a lower frequency.

"You listen to this nano guitar and as the pitch goes down you know
there are more atoms sticking to the surface," Cobden said. "In principle
you can hear one atom landing on the tube - it's that sensitive."

The researchers also found that the nanotube's electrical resistance
changed when krypton atoms stuck to the surface.

In the future, the scientists hope to be able to see how the atoms, as they
populate the carbon nanotube, react to each other through various phase
transitions, and also how they interact with the pure carbon graphite of
the nanotube. They expect to see some significant differences in
experiments approaching one dimension from those in two or three
dimensions.

"For example, matter can freeze in 3-D and in 2-D, but theoretically it
should not freeze in 1-D," Cobden said.

Besides providing a test bed for physics theories, the work also could be
useful for sensing applications, such as nanoscale measurements in
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various fluid environments, examining functions within cell membranes
or probing within nerves.

"Nanotubes allow you to probe things at the subcellular level," Cobden

said.
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