


Material with Unusual Electrical
Properties Holds Up to Scrutiny

An unusual material with an extremely high dielec-
tric constant, which may have applications in high-
performance capacitors and miniaturized electron-
ics, first described last July by BNL physicist Christo-
pher Homes has stood up to further scrutiny. The
material’s enormous dielectric constant - a property
that determines it's ability to separate positive and
negative electrical charges, or become polarized - is
apparent even in thin films of the material, which
are the form necessary for applications in microelec-
tronics.

The scientists are now studying how the material
changes as the chemical composition is altered. This
will allow them to separate intrinsic from extrinsic
effects and to zero in on the mechanism responsible
for the large dielectric constant, Homes says.
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Giant Nanomolecule Discovered by
Accident

“Giant nanomolecules” may sound like an oxymo-
ron, but these relatively large inorganic structures

may provide big benefits for nanoscience, says BNL
physicist Tianbo Liu. Measuring 5.1 billionths of a
meter in diameter and covered with large pores, the

spherical, cagelike molecules may be useful as “con-
tainers” for studying chemical reactions at the
nanoscale. The molecules are themselves magneti-
cally active, and can be used to create even stronger
magnetic materials by loading other compounds in-

side. One possible application: contrast agents in
magnetic resonance imaging (MRI).

Liu and his collaborators discovered the giant
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nanomolecules at the NSLS and using transmission
electron microscopy. The particles’ orderly arrange-
ment tipped the scientists off that they were seeing
something unique: nanopatrticles with a uniform size.
Ordinary nanopatrticles vary in size. But these par-
ticles are molecules, with a definite molecular struc-
ture, so they are made the exact same way every
time. Having one-size particles is an advantage when
studying and finding applications for nanoscale prop-
erties, which are generally dependent on particle size.

Seeing Hidden Structure in Liquid
Crystals

Liquid crystals, the materials used in laptop com-

puter screen displays, optical networking devices, and
other applications, are composed of rod-shaped mol-
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ecules with the ability to change their orientation (the
direction in which they “point”) in response to an
electricfield. In many cases, these oriented molecules
also form layers. The arrangements of these layers
and orientations of molecules within them determine
the materials’ optical properties, says BNL physicist
Ron Pindak.

Until now, some of the structural details of liquid crys-
tals have been “hidden,” because conventional x-ray
scattering can detect the layers, but not the orienta-
tion of individual molecules within the layers. More-

over, often the orientation changes over very short
distances, making itinvisible to an optical microscope.
But Pindak’s “resonant polarized x-ray diffraction”
experiments at the NSLS are starting to reveal these
hidden structural details. Understanding these de-
tails will allow scientists to improve the design of
liquid crystal materials, possibly leading to higher-
definition video displays or faster optical condition-
ing devices. - Karen McNulty Walsh

[Editor's note: Reprinted with permission from the BNL
Bulletin - March 22, 2002.]



