rearrangement during macronucleus for-
mation (7). These RNAs have the 5'-
phosphorylated and 3’-hydroxylated ter-
mini that are characteristic of processing
by Dicer-like enzymes, and so it is likely
that they are members of the siRNA/miR-
NA family of molecules. However, they
are not involved in mRNA turnover or
translation arrest. A more likely role is in
scanning the macronuclear genome and
directing DNA deletion (7).

Intriguingly, the Tetrahymena RNAs
implicated in macronuclear genome re-
arrangement are 28 nucleotides in length
(7)—longer than the usual 21 nu-
cleotides of miRNAs and siRNAs. This
size difference may be significant be-
cause in Arabidopsis and tobacco there
are also longer siRNAs/miRNAs that,
like the macronuclear RNA, may influ-
ence genome rearrangements (8). These
plant RNAs are up to 26 nucleotides in
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length, correspond to various retroele-
ments, and might suppress transcription
or transposition of these elements. Per-
haps length determines the subcellular
location of short regulatory RNAs. If
they are 21 nucleotides in length they
could be associated with RISC, irrespec-
tive of whether they are involved in
RNA cleavage. Longer RNAs may be
excluded from RISC and thus available
to guide other complexes that target nu-
cleic acids in a nucleotide sequence—
specific manner.

Are tiny RNAs, as suggested (1), the
biological equivalent of dark matter—all
around us and important but difficult to
detect? The answer is almost certainly
yes, although simply knowing that this
“dark matter” exists does not necessarily
make it easy to study, as illustrated by
the difficulty of identifying miRNA tar-
gets in animals (6). Nevertheless, within

12 months of the first miRNAs report,
they and similar tiny RNAs have been
implicated in control of translation, RNA
cleavage, and genome rearrangement. I
suspect that, in due course we will find
out that base pairing of miRNA/siRNA
family members affects many other lay-
ers of genetic regulation.
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Oxidation
of Metal Surfaces

H. Over and A. P. Seitsonen

xidation is often associated with
0 the unwanted corrosion of materi-

als (for example, in automobiles).
But under controlled conditions, oxidation
may assist the production of catalysts,
semiconductor devices, or protective and
functional oxide films.

Despite this economic importance,
knowledge of the atomic-scale processes
behind metal oxidation remains limited
(I). On page 2033 of this issue, Thiirmer
et al. (2) address this issue by investigating
the oxidation of supported lead crystallites
at 370 K. With time-lapse scanning tunnel-
ing microscopy, the authors show that ul-
trapure Pb clusters are not susceptible to
corrosion when high doses of molecular
oxygen from the gas phase are applied. In
contrast, the presence of trace surface im-
purities initiates the growth of an oxide
layer even at low oxygen exposures. The
deliberate introduction of impurities may
thus pave the way for the controlled struc-
turing of metal surfaces by nanometer-
sized oxide particles.

At the heart of metal oxidation is the
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complex interaction of oxygen with the
metal surface. The initial stage of oxida-
tion requires a supply of atomic oxygen,
together with sufficient mobility of metal
atoms on the surface. Therefore, breaking
the internal bonding of molecular oxygen
(dissociation) on the surface represents the
first elementary step in the process of cor-
rosion. Because ultrapure Pb crystallites
are chemically resistant to molecular oxy-
gen, the dissociation of O, requires the in-

troduction of surface impurities (2), an ef-
fect that may be relevant to related metal
systems. The subsequent oxide growth
proceeds easily, as Pb atoms are very mo-
bile at 370 K.

In contrast to Pb, transition metal sys-
tems readily dissociate molecular oxygen
to provide atomic oxygen, which can form
stable chemisorbed overlayers, the precur-
sor to oxidation. The dissociation propen-
sity of transition metal surfaces decreases
steeply on approaching the saturation cov-
erage of chemisorbed oxygen. Therefore,
oxygen uptake beyond the saturation cov-
erage [one monolayer in the case of
Ru(0001) (3, 4) (see the figure)] becomes
the rate-limiting step for oxidation. With
increasing oxygen coverage, the binding
energy per O atom also decreases, so that

Chemisorbed O

e85

RUO,(110)

Coordinatively unsaturated Ru

Fast O,
dissociation

Slow 02
dissociation

The rich oxygen chemistry of ruthenium (0001). The oxidation of Ru(0001) is one of the best

studied systems in the literature (70-72). Chemisorbed oxygen, surface oxide, buried oxides, and
subsurface oxygen may coexist in the near-surface region. This complexity is characteristic of the
oxygen chemistry of many transition metal surfaces.
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CREDIT: ADAPTED FROM (5)

‘In my beginning is my

incorporation into the subsurface region
may become energetically favorable.

On many surfaces, an intermediate sur-
face oxide phase precedes the formation of
the passivating oxide film, which has a
typical thickness of 2 to 3 nm. Examples
include oxygen on the (111) surface of sil-
ver, copper, and palladium, and the oxy-
gen-induced missing-row reconstructions
of the (110) surface of copper, nickel, and
silver (5-7). Other surfaces such as
Ni(001) and Al(111) oxidize directly from
the chemisorbed state (8, 9).

King and co-workers (5) have argued
that the critical coverage at which an oxide
nucleates on an oxygen-covered surface is
determined by thermodynamics: Below
the critical coverage, the heat of formation
of the chemisorbed phase is higher than
that of the oxide. Recent ab initio calcula-
tions support this hypothesis (10). On
Ru(0001), oxygen incorporation in the
surface-near region sets in at a critical cov-
erage of about one monolayer.

To investigate the oxidation process of
ultrapure Pb clusters without facing ki-
netic limitations due to oxygen dissocia-
tion, future studies may use atomic in-
stead of molecular oxygen. For instance,
with NO, as a source for atomic oxygen,
the Ru(0001) surface can accommodate
large amounts (equivalent to 20 to 30
monolayers) of oxygen without surface
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oxide formation, even after the oxygen-
rich surface is annealed to elevated tem-
peratures (/7). This observation implies
that Ru can store substantial amounts of
oxygen either as subsurface (dissolved)
oxygen or as buried oxide (see the fig-
ure). The presence of large amounts of
dissolved oxygen is, however, difficult to
reconcile with the exceedingly low solu-
bility of oxygen in bulk ruthenium and
other late transition metals. A buried ox-
ide thus appears more likely (12).

Thiirmer et al. (2) show that once nu-
cleation has been initiated, the lead oxide
layer grows autocatalytically in two di-
mensions; that is, the progressing oxida-
tion is self-accelerated. They attribute the
autocatalytic oxidation of Pb to the facile
dissociation of oxygen molecules by PbO.
This mechanism supplies the surface with
atomic oxygen that takes part in the for-
mation of the oxide compound.

This process of self-accelerating oxi-
dation is not restricted to Pb. Because the
sticking coefficient of oxygen increases
dramatically on the oxide patches (see
the figure) (4), the RuO, film on
Ru(0001) grows autocatalytically in two
dimensions once nucleation has been ini-
tiated (12). The further growth of thicker
oxide films is generally limited by mass
transport of oxygen and metal ions
across the oxide film.

The work of Thiirmer et al. (2) repre-
sents a key step toward a deeper under-
standing of the initial oxidation of Pb
clusters and related systems. Future theo-
retical and experimental work should con-
centrate on general trends of the oxidation
of metals and on their relation to physical
properties of the metal systems. A com-
prehensive understanding of the complex
atomic and molecular processes that actu-
ate the corrosion of metals may hold tech-
nological promise for designing tailor-
made materials.
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Polymers Without
Beginning or End

Tom Mcleish

end...In my end is my be-

ginning,” reflects T. S.
Eliot in his wistful Four
Quartets (I). Ends and begin-
nings concern science as
much as poetry, and perhaps
nowhere more so than in the
polymeric state of matter.

Natural polymer molecules
dominate biology, while arti-
ficial polymers are used as
plastics or emulsifiers in
countless modern products.
Many characteristics of their
crystalline, glassy, and fluid
states can be traced back to the special
properties generated by the ends of the
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Basic dynamical move of a ring polymer entangled with a mesh of ob-
stacles. The obstacles arise from the presence of other loops. The whole ring
moves by retraction and reconfiguration of its constituent loops.

molecules. But what would happen if
there were no ends? What would be the
properties of polymers composed entirely
of closed loops? Answers may be within
reach following the discovery reported
by Bielawski et al. on page 2041 of this

issue (2) of a polymerization catalyst that
releases the polymer in the form of a
closed ring.

These are not the first ring polymers
to be studied. In the 1980s, Roovers syn-
thesized small quantities of monodisperse
polystyrene rings by anionic polymeriza-
tion (3). His motivation was
the growing interest in the dy-
namics of polymer melts, in
which topological entangle-
ments between chains domi-
nate the pattern of their mo-
tion. Experiments with linear,
star-shaped, and H-shaped
molecules had shown that the
architecture of the molecules
had a stronger influence on
the viscosity and viscoelastic-
ity than their chemistry or
molecular weight. For exam-
ple, the time scales for stress-
relaxation in flow can in-
crease exponentially as a
function of molecular weight if the
molecules are branched, but only as a
power law if they are not. The promising
“tube model” (4) explained these effects:
The key determinant of relaxation time is
the time that the locally trapped region of
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