
NEW VOICES IN CHEMISTRY

T
he chemistry of small mole-

cules is among the most signifi-
cant technological challenges
that face our society. The ability
to harness and manipulate these

molecules, which range from simple
diatomics and triatomics such as hydro-
gen, oxygen, and carbon dioxide to small
organics such as methane and ethylene,
will have profound consequences for our
national and global welfare.

In the early 20th century, the Haber-
Bosch process made possible the efficient
synthesis of ammonia from nitrogen and
hydrogen. This process immediately cre-
ated an important feedstock for German
explosives during World War I and enabled
a quantum leap in the world’s agricultural
capacity, which was necessary to sustain
the world’s growing population.

The prospective impact of contempo-
rary and future small-molecule chemistry
looms just as large. Consider, for example,
the following global challenges:

• Ozone continues to disappear from
the stratosphere while it accumulates with
other small-molecule pollutants at ground
level in large cities around the world.

•Atmospheric carbon dioxide levels are
strongly linked to global warming trends.

• Vast natural gas reserves lie unused in
remote locations because of prohibitory
transportation hazards and costs.

•As a zero-emissions fuel, hydrogen rep-
resents an ideal focal point for long-term
energy policy, yet fossil fuels remain the
least expensive source of hydrogen.

• Severe environmental hazards have
been traced to chlorinated and stoichio-
metric transition-metal oxidants used in
certain industrial processes. Alternative
methods that use oxygen or hydrogen per-
oxide are typically unavailable.

These compelling issues are unified by
their intrinsic link to small-molecule chem-
istry. Our ability to address these challenges
adequately will rest on the collective con-
tributions from diverse scientific, techno-
logical, political, and social arenas.

Within this broad context, transition-
metal chemistry and homogeneous catal-

ysis will play important roles. Small-mole-
cule activation has occupied a central place
in these fields for several decades. In the
1960s and ’70s, a series of important
homogeneous catalytic reactions were
commercialized. Notable examples include
the Wacker process for the aerobic oxida-
tion of ethylene, rhodium-catalyzed hydro-
formylation of olefins, the Monsanto acetic
acid process, the Mid-Century/Amoco
process for aerobic oxidation of p-xylene,
and the oligomerization of ethylene in the
SHOP process.

Despite these remarkable achieve-
ments, large chemical companies began
shifting their attention and research bud-
gets away from commodity chemicals and
polymers. Near the end of the 1980s, a
prominent editorial predicted that future
efforts in homogeneous catalysis would
disperse among specialty applications in
the pharmaceutical, agrochemical, and fine
chemicals industries. Indeed, new catalytic
reactions, ranging from stereoselective
olefin hydrogenation and oxidation to
metal-catalyzed cross-coupling, are hav-
ing a profound effect on these markets.

Unanticipated, however, was the
renewed impact of homogeneous and sin-
gle-site catalysts on multi-billion-dollar
commodity chemicals. New technologies

for the polymerization of ethylene and
propylene by early-transition-metal met-
allocenes and related catalysts have cap-
tured the attention of the entire industry,
and opportunities for additional growth
in this area are quite promising.

These recent developments were
enabled by several decades of fundamen-
tal, curiosity-driven research. Meanwhile,
basic research on other small molecules
continues to unveil novel reactivity pat-
terns and provide detailed mechanistic
insights into their activation by transition
metals. For example, new transition-metal
complexes that activate “inert” saturated
hydrocarbons, including methane, con-
tinue to be identified. Studies of oxidative
metalloenzymes have revealed important
clues for the incorporation of oxygen and
hydrogen peroxide into catalytic oxidation
reactions. And new modes of nitrogen acti-
vation, including direct, metal-mediated
reactions between hydrogen and nitrogen,
point toward a route to ammonia that is
much less energy intensive.

These results have already led to new
catalytic reactions in the laboratory, and
future research will continue to capitalize
on the synergy between fundamental stud-
ies and catalytic applications. The power
of computational chemistry will become
increasingly evident in this field, facilitated
by the greater accessibility of computa-
tional software to the bench chemist.
Simultaneously, combinatorial chemistry
and parallel screening technologies will
accelerate the discovery of new catalytic
reactions and the optimization of catalyst
performance. Current research in novel
reaction media and improved methods for
catalyst immobilization will increase the
likelihood of practical applications as new
catalysts are discovered.

As we look ahead, the fields of transi-
tion-metal chemistry and homogeneous
catalysis are poised to address significant
challenges presented by small molecules.
Additional research in this area will ensure
a more environmentally compatible chem-
ical industry, more efficient use of natural
resources, and better consumer products
that improve our quality of life.
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