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SciTECH Briefs

Storing, Leaf-Like
Harnessing the power of the sun as a renew-
able source of energy is a grand techno-
logical goal—and there is no better model
for this task than the plant kingdom.
Designing a system for artificial photo-
synthesis that mimics plants’ ability to
absorb light and channel that energy into
storage for chemical reactions has been a
long-standing objective of chemical research.

One of the big challenges of the photo-
synthetic equation is the storage compo-
nent, which requires a catalyst that can
hold onto light-generated electrons and
use them effectively for synthesis. An
important parameter for the catalyst that
determines the sophistication of its chem-
istry is its electron storage capacity.
Although many of the photocatalysts being
studied are capable of one- or two-elec-
tron processes, chemists at the Universi-
ty of Texas (Arlington) and the Universi-
ty of Messina (Italy) reported on one that
can reversibly store up to four electrons
in localized orbitals upon visible-light irra-
diation (Angew. Chem., Int. Ed. 2002, 41
(17), 3185–3187). The authors say it is the
first artificial system that can do this. 

The catalyst is a ruthenium–phenan-
throline dimer with a fully conjugated
heteronuclear bridge. By performing time-
resolved visible absorption spectroscopy on
a solution containing the catalyst and a
sacrificial reductant (triethylamine, TEA),
the researchers were able to monitor chem-
ical changes. Over a period of 12 min they
observed 4 distinct chemical species. They
assigned the spectra to the 4 successively
reduced products (A) with the aid of elec-
trochemical measurements of the catalyst
and comparisons with the electrochemistry
of a related ruthenium compound. 

These results match well with the molec-
ular orbital calculations for the catalyst (B).
The authors suggest that following the
photo-excitation of the ruthenium chro-
mophore, the excited electron undergoes
a charge transfer to the orbital with phenan-
throline character, which is three orbitals
higher in energy from the highest occu-

pied molecular orbital (the chromophore is
continually restored by TEA). It turns out
that the two intervening unoccupied orbitals
are representative of the nitrogen- and
oxygen-containing areas in the center of

the bridge. Thus, two electrons will settle
into each of these orbitals, which explains
the four-electron storage capacity. The local-
ization of the electrons in two overlap-
ping molecular orbitals suggests that they
may be delivered in a concerted fashion,
say the authors, which is an essential prop-
erty of natural photosynthesis.

—David Filmore ◆

Strong as Steel, Light as a Feather
In the quest for strong, lightweight mate-
rials, silica aerogels would be very attrac-
tive—that is, if they weren’t so fragile.
First developed in the 1930s, these buoy-
ant solids remained a curiosity until the
1960s, when scientists began to consider
them as a medium for storing liquid rock-
et fuel. Silica aerogels are a product of a
sol-gel process that leaves behind a mate-
rial with a composition identical to glass
but with a very low density. Because of
their brittle nature and propensity for
absorbing moisture, the practical uses of
aerogels have been limited in the past.

However, Nicholas Leventis and colleagues
at the University of Missouri at Rolla have
recently created a new type of silica aero-
gel that is not only tougher than its pred-
ecessors, but much less sensitive to mois-
ture (Nano Lett. 2002, 2 (9), 957–960). “Our
material appears promising for practically
any application that requires lightweight,
strong materials,” said Leventis.

In an effort to improve on the strength
of these materials, Leventis and his asso-
ciates decided to weave together tiny strings
of silica with polyurethane during the sol-
gel process. The resulting material, howev-
er, still remained too brittle. The researchers
then decided to cross-link the strings of
the nanosized glass particles with poly-
isocyanate, one of the two components of
polyurethane. Like earlier aerogels, the
resulting materials were almost as light
as air. But the new chemical approach
resulted in aerogels that were 100 times
more resistant to breakage, and almost
totally insensitive to moisture compared
with the original version of aerogels
made of plain silica.

The researchers believe the possible prac-
tical uses for the new product are endless.

(A) Redox reactions of the photocatalyst
that occur while under visible light for 12
minutes. TEA acts as the sacrificial reduc-
tant and as a proton donor. (B) Molecular
orbital schematic of the photo-excitation
mechanism, where the four-electron capaci-
ty is accounted for in the bridging ligand
orbitals, 1 and 2. 
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Because aerogels are known for their high
resistance to heat transfer, the new compos-
ites could be promising insulators in
windows, refrigerators, and thermoses. Their
strength makes them ready candidates for
longer-lasting tires, more-impervious
bumpers for cars, or lighter materials for
aircraft construction. They could even be
used as lightweight body armor for soldiers.

The researchers have filed patents for
their new aerogel technology, and they
plan to make aerogels even stronger in the
near future.

—Christen L. Brownlee ◆

Red and Green Lasers Reveal Gold
Tracking single molecules in complex
systems such as cells often requires tagging
them to make them stand out in an image.
An effective tag binds reliably to the
right target, is easy to identify in an image,
and doesn’t alter the process being stud-
ied. Brahim Lounis and co-workers at the
University of Bordeaux (France) and Leiden
University (The Netherlands) think that
gold nanoparticles fill the bill (Science 2002,
297, 1160–1163).

At present, fluorescent dye tags are the
most commonly used, but they tend to
photobleach, or fail to fluoresce, after
prolonged exposure to light. Semiconduc-
tor nanoparticles don’t photobleach, but
they are difficult to graft onto a host in a
controlled way and tend to blink on and

off, which complicates detection. Metal
particles, including gold, often do not show
up against a strongly light-scattering back-
ground. 

Instead of relying on conventional
differential interference contrast (DIC) imag-
ing methods, Lounis’s group took advan-
tage of gold’s propensity to heat up when
exposed to light. They used a green laser
to heat the particles and a red laser for the
detection system. The red beam was split
into two orthogonally polarized beams, one
of which hit the same spot as the green
beam. The two reflected red beams
produced an interference pattern, creat-
ing a photothermal image. 

As a test case, 300-nm latex spheres
(strong scatterers, weak absorbers) were
spin-coated onto a microscope slide along
with 80 nm and 10 nm gold particles (weak
scatterers, strong absorbers). A DIC micro-

graph showed the latex spheres very clear-
ly, and the large gold particles appeared
faintly. A photothermal image taken at low
power (<100 µW) shows only the large gold
particles on a black background; a
photothermal image at 5 mW shows all the
gold particles but none of the latex spheres.
But the signal-to-noise ratio still needs
to be improved before these tags are
ready for use in living cells. 

The authors estimate that their method
raises the temperature of 5-nm particles
by about 15 K, enough to raise the
temperature by about 3 K up to 13 nm
from the particle center. This might be
enough to damage some types of biomol-
ecules. Transmission geometry and more
efficient detectors could produce a usable
image with one-tenth of the metal parti-
cle heating.

—Nancy K. McGuire ◆
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Business Bits
Memorial lecture notes. Royce Murray,
editor of Analytical Chemistry, recently
spoke at the fifth annual G. Frederick
Smith Memorial Lecture, sponsored by
GFS Chemicals (Powell, OH). Murray’s talk
featured the novel chemistry of mono-
layer-protected clusters—truncated octa-
hedrals of metal atoms (e.g., Au or Ag)
having an outer sphere of thiolate ligands
that mitigate against nanoparticle aggre-
gation. Other topics discussed by Murray
included transport measurement in new
materials and media, construction of a
bimetallic core through galvanic synthe-
sis, and charged-core aggregates acting
as chemical oxidants or reducing agents.
For more information on the lecture, visit
the GFS Chemicals website at www.gfs
chemicals.com.
Expanded agreement. Argonaut Tech-

nologies, Inc. (Foster City, CA) and Symyx
Technologies, Inc. (Santa Clara, CA) have
expanded a prior technology licensing
agreement. The current agreement gives
Argonaut worldwide rights to make and
sell integrated parallel pressure reactors
developed by Symyx. Argonaut plans to
use the tool to commercialize new solu-
tions for developing new chemical enti-
ties in the pharmaceutical and chemi-
cal industries. The previous agreement
was limited to a specific product embod-
ied by the Endeavor catalyst screening
system, which Argonaut presently
markets (Business Wire). 
Minisenzor milestone. HiEnergy Tech-
nologies, Inc. (Irvine, CA) announced
successful results for tests carried out on
its Minisenzor explosives detection
system. One-pound explosives sealed in
a 1/16-in.-thick metal container were
identified and differentiated from benign

objects nearly 100% of the time in less
than 10 s. HiEnergy will seek funding
from the U.S. Transportation Security
Administration to move the product clos-
er to Federal Aviation Administration
certification for use in airports. Minisen-
zor works by a technique called atome-
try, in which fast neutrons trigger
substances to emit gamma rays for detec-
tion (PRNewswire).
Visualization collaboration. The phar-
maceutical giant AstraZeneca has pur-
chased a Reality Center facility in Söder-
tälje, Sweden, from Silicon Graphics, Inc.
(Mountain View, CA) to further its drug
discovery research projects with molecu-
lar modeling and computation chemistry.
The facility contains high-performance
graphics and stereoscopic visualization
that allows groups of researchers to
work together in front of a large-scale
display system (PRNewswire).  ◆

The horizontally polarized red probing beam is split into two beams, focused on the micro-
scope objective, and recombined for polarization and detection. The green heating beam
induces a periodic phase difference between the two red beams, which gives rise to a modu-
lation of the detected red intensity.
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