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SciTECH Briefs

Green Catalysis
Several approaches to reaction media
have been taken in efforts to carry out
more environmentally benign catalysis.
These include supercritical fluids and a
relatively new technique called fluorous
biphasic catalysis, which combines an
organic phase and an immiscible fluo-
rous solvent (highly fluorinated) as a
means to recover catalysts from homog-
enous reactions without waste-generat-
ing product–catalyst separations. Metal
complexes with high fluorine content
(near or higher than 50% F by mass) are
effective catalysts for these approaches
since they are highly soluble in super-

critical CO2 and fluorous solvents. Howev-
er, fluorinated complexes are commonly
insoluble in organic solvents, making the
vital tasks of purification and X-ray crys-
tallography for these species very difficult.

Using “CO2-expanded” liquids, Philip
Jessop, a chemistry professor at the
University of California (Davis), and col-
leagues from that school and the Geor-
gia Institute of Technology (Atlanta)
have demonstrated an easier way to
obtain crystals for these compounds and
also a new scheme for green catalytic
chemistry.

By applying subcritical pressures of
CO2 gas over organic solvents, a distinct
liquid volume increase resulted as the
gas dissolved. Also, complete dissolu-
tion occurred for five different complex-
es that were previously insoluble (Inorg.
Chem. 2002, 41 (13), 3463–3468). Upon
slow release of the CO2, the researchers
were able to isolate crystals of sufficient
quality to get X-ray structures for four
compounds for which complete structures
formerly had not been accomplished. 

The solubility effect of CO2 expansion
also piqued the researchers’ interest in
using it as an actual medium for cataly-
sis. In work that is soon to be published,
the team carried out a new variation on
the fluorous biphasic approach with
some marked improvements. In the new
method, says Jessop, “the fluorous
liquid is omitted or replaced by solid
fluorinated silica, and the fluorous
homogeneous catalyst is induced to dis-
solve in the organic solvent by the addi-
tion of CO2.” Thus, when the reaction is
complete, the CO2 pressure is released to
precipitate and recover the catalyst with
no workup. This strategy avoids the use
of heat to trigger the reaction, which
can cause problems because of heat
sensitivity and poor selectivity at high
temperatures. It also has additional
“greenness” advantages. “Using fluorous
silica or no fluorous phase at all,” says
Jessop, “is better for the environment
than using a volatile fluorous solvent
because perfluorinated organics contri-
bute very strongly to the greenhouse
gas effect, per molecule.”

In general, Jessop and colleagues
feel that CO2-expanded solvents are a
promising alternative for green chemistry
applications as they reduce the required
amount of solvent and are easier to use
than supercritical fluids because the
pressures are much lower.

—David Filmore ◆

Studying Soil’s Love for Carbon
Like many love affairs, carbon’s intense
involvement with soil could be either
productive and profitable or damaging
and disastrous, depending on the circum-

stances. Fruitful soils need a substantial
amount of carbon, along with other
nutrients, to be healthy. But improper
tillage and crop planting practices can
release soil carbon into the atmosphere,
allowing it to contribute to the green-
house effect.

In an effort to promote a healthy
relationship between farmlands and
carbon, scientists at the Department of
Energy’s Los Alamos National Laboratory
are developing a system to analyze tiny
soil-core samples for carbon content.
Their research was discussed at the 2002
spring meeting of the American Geo-
physical Union in Washington, DC.

At the heart of the system is a tech-
nology called laser-induced breakdown
spectroscopy, or LIBS, a technique that
focuses a high-power laser pulse onto a
sample to create a plasma or laser spark
that can be used for on-the-spot analy-
sis of carbon in soil with at least 95%
accuracy. Unlike conventional carbon
measurement techniques that require
bulky soil samples and weeks of analysis
in distant laboratories to obtain results
with the same or less accuracy, the LIBS
system enables users to analyze a sample
of soil from a 1-in.-diameter core at
millimeter resolution in 15 min. The
entire package of instrumentation can
fit in the back of a van or light truck.

“Because the amount of carbon varies
considerably from one type of soil to the
next, measuring changes in land-based
carbon in fields, rangelands, and forests
has been difficult, until the application
of LIBS,” said lead researcher Michael
Ebinger.

The effect of CO2 pressure on the solubility of
I (colored complex) in cyclohexane at 35 ˚C. 
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The benefits of knowing the exact
soil composition of any particular piece
of land could be multifold, notes Ebinger.
First, large tracts of arid land or once-
productive farmland lacking in carbon
could become “sinks” for the atmospher-
ic carbon that contributes to greenhouse
gases. Second, increasing the amount of
carbon in degraded soils can lead to soil
quality improvements, a substantial bene-
fit to those living on poor-quality soils.
Third, preventing the carbon loss that
can result from soil mismanagement
would help ensure that healthy soils stay
so, while minimizing adverse effects on
the environment.

—Christen L. Brownlee ◆

Tritium and Tree Rings
Although radiation from the hydrogen
isotope tritium can’t penetrate the
skin, ingestion of the isotope in the
form of tritiated water or organically
bound tritium is a potential threat
because it can bind to human cells and
cause long-term radiation damage.
Thus, public concern has arisen over
tritium exposure—particularly from
anthropogenic sources such as nuclear
weapons tests, nuclear power plants,
weapons complexes, and biotechnology
facilities using radioactive tracers.
Demands have followed for accurate
evaluation of historical tritium releases
to assess what the effects of chronic
exposure actually are and to verify the
accuracy of past reported releases. 

Tree rings contain annual records of
the photosynthetic products from envi-
ronmental carbon dioxide and water
(including any tritiated water), and,
thus, are a promising target for such
analysis. However, because of tritium’s
12.4-year half-life, past efforts, which
measured tritium from tree ring extrac-
tions by monitoring radioactive decay,
required either a prohibitively long
analysis time or such a large sample size
(10–100 g) that old trees had to be
destroyed to get a quantifiable signal.
By instead using 3H accelerator mass
spectrometry (AMS), a newer technique
that uses tandem electrostatic ion
acceleration to directly count individual
tritium atoms, researchers from the
University of California at Berkeley and
Irvine, the Lawrence Livermore Nation-
al Laboratory (Livermore, CA), and the
University of Georgia (Athens), were
able get good data in a matter of min-

utes from 5–12-mg sample sizes (Envi-
ron. Sci. Technol. 2002, 36 (13), 2848–
2852). 

To validate the method, scientists
analyzed a tree in Nevada that grew near
the site of the 1965 detonation of a

small nuclear weapon. As part of studies
on radionucleotide migration, the De-
partment of Energy (DOE) had pumped
water from a well installed near the
explosion site to a long ditch (about
50 m away from the well) and measured
tritium levels at the ditch where the tree
grew, at least monthly, from 1975 to
1991. Accordingly, the AMS tree ring
results could be directly compared with
the DOE values. For the years 1982 (the
center ring from the tree portion used)
through 1991, a very close agreement
was observed, with a correlation coeffi-
cient of 0.88.

Although this case involves a partic-
ularly high-activity tritium source, the
researchers state that because none of
the processes involved in tritium’s migra-
tion to the tree rings are fundamentally
different at lower activities, this method
should be readily applicable to more rele-
vant monitoring scenarios, such as for
communities near nuclear power plants.

—David Filmore ◆
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Business Bits

Industries to develop common e-
standards. Standards organizations
from the chemicals, petroleum, and
agricultural industries are planning to
collaborate on the development of
common communications standards for
electronic business data. The Chemical
Industry Data Exchange, Petroleum
Industry Data Exchange, and RAPID, an
agricultural association, have signed a
memorandum of understanding to
improve the flow of electronic transac-
tions between industries, among other
things (EyeforChem). 
InnoCentive eastbound. InnoCentive
(Andover, MA), an e-hub for corpora-
tions to post scientific R&D problems
and provide cash awards to freelance
solvers, has entered into an agreement
with the Council of Scientific and
Industrial Research (CSIR), the largest
R&D organization in India and one of
the largest in the world. The agreement
opens up the Innocentive challenges to
CSIR members—more than 5000 scien-
tists from India working in more than
40 laboratories. The e-hub company has
said it is also pursuing large-scale user
enhancement in China (echemmerce). 

Taiwanese company crosses Strait.
Taiwan’s petrochemical giant Formosa
Plastics Corp. (Taipei) has announced
it will establish a $127 million poly-
vinyl chloride plant in mainland China
that will have a projected production
capacity of 300,000 metric tons. For-
mosa has long been an advocate of
lifting Taiwanese restrictions on the
type and size of investments in China
(Dow Jones).
Dow gets national medal. The Dow
Chemical Co. (Midland, MI) has been
awarded the National Medal of Tech-
nology, which was presented by Presi-
dent Bush in June. The company was
honored for breakthroughs in advanced
materials development, such as in
metallocene catalysts and the inven-
tion of new polymers for use in elec-
tronic manufacturing (PR Newswire).
New aprotic solvent. Mitsui Chemicals
America, Inc. (Purchase, NY) has
announced the availability of a new
high-purity aprotic solvent, 1,3-
dimethyl-2-imidizolidinone that has
high thermal and chemical stability
and is noncorrosive. It can be used as a
solvent for polymers, detergents, dye-
stuffs, pigments, electronic materials,
petroleum products, and as a surface
treatment agent (Business Wire).

With multiple MS separations, high-energy
acceleration, destruction of molecular
isobars, and further partitioning based on
velocity differences, individual tritium
atoms are counted by the accelerator mass
spectrometer at Lawrence Livermore
National Laboratory. 
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