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exponential decay, representing a liquid
phase. At 330 K, the positional correlation
function remained isotropic but the orien-
tational one showed algebraic decay, a sig-
nature of the hexatic phase. At 290 K, the
system became a two-dimensional hexago-
nal crystal, showing quasi-long-range posi-
tional order and long-range orientational
order. The scaling of the correlation func-
tions was consistent with KTHNY theory.

The melting transition was second
order when the pores contained one layer
of molecules and became weakly first
order for pores containing two layers.
The researchers attribute the change to
interaction between defect configurations
in the two layers. 

Differential scanning calorimetry
(DSC) measurements of CCl4 and aniline
in an activated carbon fiber with slit-
shaped pores narrowly distributed
around a mean size of 1.4 nm showed
peaks near temperatures predicted in the
simulations. Nonlinear dielectric effect
(NDE) signals diverged with a scaling
consistent with the theory.

Dielectric relaxation spectroscopy
(DRS) of adsorbed aniline, a dipolar fluid,
showed sharp changes, indicating phase
transitions near the predicted tempera-
tures. The orientational relaxation times
of the adsorbed molecules were typical of
a hexatic phase between 298 K and 324 K.
Below that range, the time scales were
typical of a crystal, and above it, they
were typical of a liquid.
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Direct Observation of Intercalated
Cs in Zeolite Si32O64 Yields
Example of Inorganic Electride

Understanding the properties of nano-
scale arrays of metal atoms may allow
scientists to manipulate these properties
to produce nanomagnets, nanocatalysts,
nanodevices, and composites with better
optical properties than are currently pos-
sible. However, such applications require
a detailed knowledge of the materials’
atomic-level structure. Thomas Vogt, a
physicist at Brookhaven National Labora-
tory, and scientists from Michigan State
University led by physicist Valeri Petkov
(now at Central Michigan University),
have demonstrated that the atomic pair
distribution function (PDF) technique
allows them to decipher such fine-level
nanostructures. 

Their analysis of a material composed
of cesium ions trapped inside nano-sized
pores of the silicon oxide zeolite Si32O64 is
described in the August 12 issue of
Physical Review Letters. This material is also
the first example of a room-temperature
inorganic “electride,” a stable separation

of positively charged cations and electrons
with properties determined by the topo-
logy of the pores in the host matrix. 

In traditional crystallography, long-
range order and symmetry, specifically the
repeating three-dimensional (3D) patterns
in the crystals, give rise to sharp Bragg
peaks in the x-ray powder diffraction pat-
tern, which are then used to determine the
atomic structures. Materials constructed at
the nanoscale, however, lack this long-
range order and often accommodate a
large number of defects and local disorder.
The result, said Petkov, is that the diffrac-
tion patterns of nanocrystals are much
more diffuse with few, if any, Bragg peaks. 

To overcome this problem, the team of
scientists employed the PDF technique, a
nontraditional experimental approach, to
read between the Bragg peaks of data pro-
duced by traditional x-ray powder diffrac-
tion experiments. With the PDF technique,
the scientists revealed direct structural evi-
dence that cesium is intercalated in the
nano-sized pores of the silicon oxide zeo-
lite in the form of positively charged
cesium ions arranged in short-range-order

zigzag chains. This verifies that CsxSi32O64
is a room-temperature stable inorganic
electride, the scientists said. 

“Electrides are novel materials that are
just beginning to be studied,” said
Petkov. First results show that they could
be used as reducing materials in chemical
synthesis of other materials and that they
have useful electronic properties such as
low-energy electron emission. 

Carbon-Nanotube Transistor
Arrays Used for Fabrication of
Multistage Complementary Logic
Devices and Ring Oscillators

Carbon nanotubes are expected to be the
most promising candidates for building
blocks for the next generation of electronic
devices, predominantly due to low surface
scattering and nanoscale channel widths.
A group of researchers at the Department
of Chemistry and the Laboratory for
Advanced Materials at Stanford University
have demonstrated a fabrication route for
multistage complementary NOR, OR,
NAND, and AND logic gates and ring
oscillators based on arrays of p- and n-type
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