
NEW VOICES IN CHEMISTRY

I
n looking to the challenges that

await our profession, we should heed
the advice of Japanese haiku poet Mat-
suo Basho and examine our chemical
past: “Do not seek to follow in the foot-

steps of the men of old—seek what they
sought.” There we find an article of stun-
ning vision and scope.

In his 1912 paper in Science entitled
“The Photochemistry of the Future,” Gia-
como Ciamician identified fossil fuels (in
his day, coal) as an exhaustible natural
resource and urged readers of Science to
begin research that would lead to the dis-
covery of alternative fuel sources.
With uncanny prescience, Ciami-
cian proposed the concepts of
biomass conversion (“the cultiva-
tion of plants may be so regulated
as to make them produce abun-
dantly such substances as can
become sources of energy”), bio-
technology (“through suitable inoc-
ulations” to obtain products “from
plants that usually do not produce
them”), nitrogen and carbon fixa-
tion by N2 and CO2 reduction, pho-
tovoltaics (“we might make photo-
electrical batteries or batteries
based on photochemical pro-
cesses”), and a number of potential
light-based technologies. Ciamician
also ruminated about the possibil-
ity of developing catalysts to effect
solar energy conversion. 

Eighty-nine years later, we have
only begun to inch toward the
future that Ciamician foresaw,
responding most slowly to his most
compelling challenge: mastery of
“the photochemical processes that hith-
erto have been the guarded secret of the
plants.” Over the past two decades, sig-
nificant advances have been realized. As
predicted of photovoltaics, hydrogen and
the attendant oxidation product (usually
oxygen or a halogen) have been generated
by the irradiation of semiconducting elec-
trodes and nanocrystals modified with
light-harvesting complexes. Nevertheless,
the ultimate challenge of the ground-up

design of a solar energy photocatalyst at
the molecular level has yet to be achieved.

Can we trap the photon energy in a
molecular excited state and control the sub-
sequent elementary reactions to convert it
into a desired fuel? To succeed, we must
synthesize the knowledge gleaned from 50
years of great discoveries—Linus Pauling
and Robert Mulliken’s constructs of elec-
tronic structure, Henry Taube’s oxida-
tion/reduction chemistry, and Ciamician’s
application of photochemistry—with new
lessons from disparate disciplines. The
advent of ultrafast laser methods provides

us with the experimental tools to follow
physical and chemical events on the nec-
essary time scales. Rapid advances in struc-
tural biology provide fresh insights on how
nature controls the making and breaking
of bonds, with near-perfect selectivity and
specificity, and couples these reaction
processes to energy transduction.

Should we be working toward such a
seemingly distant goal? The answer should
be a resounding “yes.” As consumers and

beneficiaries of a precious global com-
modity, it is only appropriate that user gen-
erations accept responsibility for its
replacement. However, 89 years of indif-
ference teaches us that virtue alone is insuf-
ficient motivation. Other inducements
must provoke us to accept Ciamician’s
challenge. The most obvious of them is fis-
cal. In view of the rising global population,
demand and consumption of fossil fuels
will soon exceed production. With eco-
nomic factors so strongly guiding the
course of our society, rising fuel costs will
provide the impetus to take energy explo-
ration from the oil fields to the laboratory
bench. Global sustainability and the elim-
ination of greenhouse gases are other prac-
tical goals that may hasten the discovery of
alternate fuel sources long before fossil
reserves are depleted.

But as chemists, a more profound moti-
vation should place solar energy conversion
at front and center of the research enter-
prise. Endeavors that target extremely dif-

ficult problems accelerate the cre-
ation of new knowledge. It is the
province of the chemist to design
new compounds and to understand
and control their reactions. In
addressing the solar energy issue, we
seek to design molecular excited
states that within their brief life-
times (a millionth to a billionth of a
second) select the desired fuel-pro-
ducing reaction from a multitude of
energy-dissipating transformations.
But this is not enough. The conver-
sion reaction, thermodynamically
uphill from the ground state, must
be promoted catalytically.

The discovery of solar energy
photocatalysts will require execut-
ing our craft at its zenith. In suc-
cess, we would find great satisfac-
tion as a profession in delivering to
future generations Ciamician’s con-
soling prophecy: “If our black and
nervous civilization, based on coal,
shall be followed by a quieter civi-
lization based on the utilization of

solar energy, that will not be harmful to
progress and to human happiness,” we will
bequeath to future generations the gift of
the sun as its fuel source.
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