
NEW VOICES IN CHEMISTRY

A
s we startthe 21st century

with expectations for even
greater technological advances
than we experienced in the
20th century, we must realize

that our foundational technologies for the
production of basic materials and energy
are inherently inefficient. The natural
resources that Earth provides are limited
and relatively stable. To overcome this
intrinsic stability, our current technolo-
gies—which are derived from chemistries
that are at least two decades old—use brute
force and high temperatures to
achieve the conversions and pro-
duction rates that are required
for good economics.

In many cases, the inherent
inefficiencies of our current
petrochemical and power tech-
nologies can be traced to this
brute-force approach. The re-
placement of current technolo-
gies with processes based on
fundamentally new, lower-tem-
perature chemistry would sig-
nificantly reduce energy require-
ments, waste, and costs in the
21st century while increasing
the overall efficiency of these
core technologies.

Power production, which ac-
counts for more than 90% of all
carbon dioxide emissions, is a
good example of the inherent
inefficiency of current processes based on
high-temperature chemistry and the
improvements that are possible with new,
lower-temperature chemistry. Today’s
most efficient power engines are high-
temperature natural gas turbines that
operate at only 30 to 40% efficiency. The
fossil-fuel-based power engine for the 21st
century is the inherently more efficient
fuel cell. If new chemistry could be devel-
oped that allowed the direct conversion of
natural gas at lower temperatures, power
production efficiency could be increased
to more than 90%!

Fuel production is another area where
substantial improvement is required and

possible. Currently, almost all fuel is gen-
erated from the processing of our limited
resources of petroleum. Petroleum is a rich
resource that, one can argue, should be
reserved for use as material precursors. We
could preserve our petroleum base if, in
contrast to the current high-temperature
chemistry for natural gas processing, new
chemistry could be developed that allowed
the low-temperature, direct conversion of
extensive, known natural gas reserves to
liquids such as methanol, gasoline, and
diesel. Estimates show that such futuristic,

low-temperature technology would be
both economically competitive with and
environmentally superior to liquid fuels
produced from petroleum.

The key new chemistry required to
develop such direct, low-temperature nat-
ural gas fuel cells and low-temperature nat-
ural-gas-to-liquid conversion technology
depends on the development of next-gen-
eration catalysts that allow the facile con-
version of alkane C2H bonds to groups
such as the hydroxy functionality. Although
many different approaches to developing
such catalysts are under investigation today,
the use of homogeneous catalysts that are
based on the so-called C2H activation

reaction, discovered in the 1980s, has
shown the most progress. Attesting to the
promise of this approach, new catalysts
based on the C2H activation reaction have
been reported for the direct, low-temper-
ature conversion of methane to methanol
in unprecedented yields as high as 70%!
Whereas the conversion of methane to
methanol is a far cry from the complete,
reversible low-temperature conversion of
methane to carbon dioxide required for a
fuel cell, catalysts that convert one C2H
bond to a C2O bond can certainly be con-
sidered a minimum, but not sufficient,
requirement for breaking all four C2H
bonds to generate O5C5O.

Another current industrial process char-
acterized by high- temperature inefficiency
is the reaction of hydrogen and nitrogen to
generate ammonia for production of fer-
tilizer. Driven by the requirement for eco-
nomic production rates coupled with inef-
ficient catalysts, this second-largest

chemical process in the world is
carried out at temperatures
greater than 300˚C. Yields of
ammonia can be as low as 3%
per pass through the reactors.
The key to developing new effi-
cient technology for ammonia
production is the development
of new catalytic chemistry that
will facilitate the reaction at
desired reaction rates at lower
temperatures.

A fresh examination of our
foundational petrochemical-
and energy-production tech-
nologies, considered in light of
the fundamentally new, lower-
temperature catalytic technol-
ogy of the 21st century, will
uncover many examples of well-
established technologies ripe for
replacement that also will bring

economic and environmental opportuni-
ties. These opportunities must continue
to be pursued and addressed, because envi-
ronmental pressures and resource limita-
tions in the 21st century eventually will
make these changes necessities.
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