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Red dye makes nanotubes
switch in the blue

Photoswitching at the
nanoscale can now
be performed at low
light levels
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We are all familiar with the light switch,
where an electrical circuit turns the lights
ON and OFF. But, what if this concept could
be reversed and an electrical circuit could
be switched using light? Such a concept
is at the heart of modern approaches
to enable solar cells, photodetectors,
and optical communications. However,
conventional materials such as silicon
have some fundamental optoelectronic
limitations that prevent such applications
from being more pervasive. Many of these
limitations are overcome with the use of
carbon nanotubes. These nanowires of pure
carbon have unique optical properties that
can be tailored for optoelectronics, and
they have the additional ability to rapidly
transmit an electrical signal.

Previous approaches to study the
optoelectronic properties of carbon
nanotubes have focused on bare carbon
nanotubes, but large light intensities
produced by lasers are required to generate

Figure 1: (Top left) Scanning electron micrograph of a
chromophore-functionalized nanotube between electrodes.
The current through the nanotube can be switched with a back
gate (V) or by shining UV light.

Figure 2: (Top right) Sketch of carbon nanotube functionalized
with azo-benzene. Under UV light, the azo-benzene undergoes
a trans to cis transformation accompanied by a large change in
dipole moment.

Figure 3: (a) Current-voltage characteristics of functionalized
carbon nanotube field-effect transistors. Upon exposure to UV
light, the threshold voltage is shifted to more positive values of
the gate voltage. (b) Calculated conductance of the nanotube
transistor in the presence of surface dipoles (solid lines) show-
ing excellent agreement with the experiments (grey circles).

an electrical signal. Sandia scientists, in
collaboration with researchers at the
University of Wisconsin-Madison, have
demonstrated that coating the nanotubes
with a common dye makes them sensitive
to much lower light intensities—those of
simple lamps. Interestingly, while the dye is
typically used to impart red color, it makes
the nanotubes sensitive to blue light.

The functionalized nanotubes were
integrated as channels in field-effect
transistors, and these transistors were
switched ON and OFF with light. The
switching is entirely reversible and
repeatable, and the devices are stable in
ambient.

A scientific paper with further details,
titled “Optically Modulated Conductance
in Chromophore-Functionalized Carbon
Nanotubes,” appeared in the February 23,
2007, issue of Physical Review Letters.



Theory and Modeling of Electronic Transport in Nanostructures

At Sandia, we develop theories and numerical approaches a fundamental understanding of the properties of
to calculate the electronic transport properties of nanostructures and to identify novel behaviors and exploit
nanostructures such as carbon nanotubes, nanowires, them in novel nanodevices.

and single molecules. The goal of our work is to develop
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Physical Science
Ultracold molecules

Discovery at the Interface of

Science and Engineering:

Science ém
atters!

Sandia opens up new research in the physics of molecules at
temperatures near absolute zero

Beam scattering
technique produces ultra-
cold molecules that will
provide insight into

the wave-like nature

of molecules.
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When an atom or molecule is cooled
to a temperature below 10 milliKelvin
(mK, 1/100 of a degree above absolute
zero), its wave-like nature or “wavelength”
becomes larger than the particle itself. It
thus behaves as a wave as well as a particle.
This quantum mechanical effect has many
consequences for interaction of particles at
these temperatures, such as the formation
of new states of matter like Bose Einstein
condensates and degenerate Fermi gasses.
Although cooling of atoms is now routinely
done, no general technique has been
available for the production of ultracold
molecules.

The added complexity found in
molecules—including permanent dipoles
and quadrupole moments, and complex
rotational and vibrational structure and
chemistry—offer the possibility of rich
areas of investigation. Moreover, the
wave-like nature of ultracold molecules is
predicted to lead to a new understanding
of weak interactions between molecules,
and lead to novel technologies such
as quantum computers. All of these

possibilities have generally remained
unexplored until now.

Sandia researchers have recently
produced measurable amounts of ultracold
molecules having temperatures ranging
from 10-100 mK, using a unique molecular
beam scattering technique. The cold
molecules are formed at the intersection
of an atomic beam and a molecular beam
(see figure). The collisions between the
beams produce the cold molecules. The
researchers have recently demonstrated
the ability to produce samples of cold
molecules that survive for 100s of
microseconds, thereby opening the door to
further trapping and detailed studies.

There are four or five techniques in the
world that have been able to produce as
cold a sample of molecules as has been
achieved at Sandia; however, none are as
versatile. The technique being developed
at Sandia will become general and will lead
to the ability to study the wave-like nature
of molecules that occurs only at ultracold
temperatures.

€old Molecules

(Left) The production of cold molecules while the atomic and molecular beams are present. (Right)
The cold molecules(small spot in the center of the image) remain even 100 microseconds after the
atomic and molecular beams have been shut off, indicating a temperature of approximately 30 mK.
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