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Figure 1Popigai topography. The 100-km Bpigai
impact crater in Sberia shavs up tearly on this
topographic map It has nav been dated to
around 35 milion years a@, dose b the ime o
anothe huge impact, andad a mass ekiction in
the Late E@ene.

(KI/T) boundary, of the Eath® respnse o
large impats. In both cases, thedaion, siz
and ag d the impat craters ae knawn,
there is aeasoale thoud not yet complete
record of global a regional gecta layers, and
a Hailed fossil siccession is pesat in
coeval, dten continuous sdiments from
which a dimatic and @eangraphic record
can e etracted.

In the casefdhe K/T mundary, 65 Mr
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Homogeneous ca taly sis

On the tr ail of dioxygen activ ation

Craig L. Hill and Ira A. Weins tock

dioxygen (O,) oxidations would be

sdective, uséul for tackling a \ariety
of aubstrates and leemical stuctures, ea
smaly fast, and sta®. Citicaly, and par
ticular o the use ©O,, the pocess should
not require the wasful addition of reducing
agents. $ich a sgtem has emainad a deam,
but the work descibed by Neumann and
Dahan o pag 353 bthis issie' constitutes
notabe progressowards realizing it.

All living mater and synth&c organic
materials wthin the bosphere shag a om-
mon condition and faé: the are themody-
namicaly unstalte with respect to CO, and
H,O, products d reation with O,. For-
tunately for us, havever, O, is a diedical,
possessing aiplet ground-stae dectronic
configuration (two unpailed dectrons),

Q n Oidal® hmogeneous catajst for
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Figure 1The NeumannbDahanhcatalyst,
{IWZnRu,(OH)(H ,0)](ZnW ,0,,).}"*® mntains
two serically protected ruthenium atoms
sandviched between [ZnW,0,]***halves
(represated hee as gmicir cles) d the ocidatively
resistant plyoxometalate. The catalst facilitates
direct Q,activation (right side d the figure) and
substrate oidation (left side) without generating

OH or other
radicals

whereas almost verything dse mssesses nonsdective radicals. Oxgen is inor porated

sindet ground staes (paied dectrons aly).

ag, the oincidence and pssitbe causeb Because bthis difference in gound dec-

effect relationship ketween the larg@ impact
which formed the 180D310-km-diartee

tronic staes, gtong dectronic interactions,
which go hand-in-hand vith low ectivation

Chicxulub crater in Yucatfn, and the massbariers © demical reativity, ae spin-

extinction of organisms, is siking. In the
light of the K/T event, a ligorous assessimie
is neded of the Dbssil and kimate record
at smadl timescale @oss the Lat Eocene.
A oncerted and @en-minded  effort™
from palaontologists, sdimentologists,
geochemists and impet reseathers should
determine the ple plaged by the Bpigai and
Chesapale By impeacts o the hological
and dimatic evolution of the Eath in the Laé
Eocene.

These tw almost oeval impats she
new light on the rmandom behaviour of the
terrestial impect flux and the sebfequen-
cy distibution of impactors as a furt@on of
time. According 1o Bottomley et al?, Ghe
expected repeat ate d impact structures @
this siz is & the ader of ten million yeasO
So the queston aiises: hw important ae the
stafstics d smal numbers fr the dfective-
ness bimpact-induced disurbanes in the
evolution of the Eath, and the elated mass
extinction events and timate danges in the
past 600 milon yeas? O

332

forbidden. This kingic barier is what males
the istence d life (as Wl as most synthie
organic matrials) pssitie.

On the othe hand, mce diocygen is @uti-
vatedO (that isrgatr reativity is indiced),
its reactions with organic sibstrates ae diffi-
cult to control. This is lecause the dadical
nature d dioxygen fecilitates the drmation
of highly reactive and nosdective radical
intermediates and adical-cdain pocesses.
Furthermore, lecause fthe themodynamic
instahlity, sich oxidations, amce kegun, ae
often highly exothemic and the esilting
temperature inceases fiiher decrease dec-
tivity. In conseuence, the geat majoity of
spontaneous Q reations, sich as those that
lead to rancid hutter, or the mae rapid mes
that accur during the ombustion of fossil
fuels, ae nansdective and difficultd control.

Between the extremes & chemical ingtia
and unontrollable redical-dhain auoxida
tion processes liggportunity and tiallenge.
The @portunity: to male use bO,, the most
ahundant, inexpensive, eergy-efficient and
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directly into the sibstrate, the sole soge d the
electrons nexded for the reductive actvation of O,.

environmentally mompatble ocidant avail-
abe. The tallenge: b oontrol the eativity
of activated O, so that hidp chemical séectiv-
ities, and ths us@l products, midt be
obtained. At the sameiine, the catatic
chemistry of oxygen and its ineganic and
organic cerivatives, vinile remarkahly rich, is
painfully omplex and &perimentally diffi-
cult. The cesign of homogeneous catajsts br
both ectivation and skctive use HO, is an
extraardinarily tough task.

A third issie pertains b matrial and
energetic dficiency. Dioxygen has 6ur oxi-
dizing dectron equivalents. A ommon acti-
vation strategy, however, is b Owaed soe d
them by patially reducing G to peroxides @
other reduced oxygen species that & mae
active and dective than Q(refs 2, 3). My
extremey uséul homogeneous sgtems
catayse the dective reations d reduced
oxygen compounds. Reductive ativation of
O, can also b acomplished by in situintro-
duction of an external sipply of dectrons (as
with the dfective reduction of O, by the
coenzyme NADH in oxidative phosphoryla-
tion); this is a sategy exemplified by mary

NATURE| VOL 38§ 24 JUlY 1997




