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aboutwhether plasmonic excitation can have
anon-thermalrolein catalytic reactions*>°,

The authors’ results demonstrate that
the search for plasmonic catalysts based on
Earth-abundant metals should not be guided
by the many decades of researchinto thermally
driven catalysis. The findings also suggest that
this search should focus on cheap catalytic
materials from which molecular desorptionis
hindered —such desorption couldbe activated
by light when the catalysts are combined with
aplasmonic material. More specifically, plas-
monic DIET triggered by LED illumination of
Earth-abundant catalysts is a potential strat-
egy for the development of sustainable indus-
trial chemical processes, because it would
avert the need for extensive heating (thereby
reducing fuel consumption and potentially
achieving zero carbon emissions), while avoid-
ing the use of precious metals.

Indeed, Yuan and co-workers demonstrate
that they can produce gram quantities of
hydrogen (up to about 18 g per day) using their
copper-iron catalyst in a small commercial
reactor fitted with LEDs, without heating.
This suggests that plasmonic catalysis with
LEDs could be aviable strategy for reaching a
major goal in this field: the development of a
process thatenables one kilogram of hydrogen
to be made at a cost of US$1. However, there
are many challenges to be overcome, other
than lowering the cost, before this approach
can be used for the industrial production of
green hydrogen.

First, reactors will need to be engineered
to ensure that large volumes of reaction
solutions can be illuminated uniformly by
LEDs. Second, a process for the sustainable,
large-scale synthesis of ammoniais required.
Currently,ammoniais manufactured by react-
ing hydrogen withnitrogen, and the hydrogen
isobtained from an energy-intensive reaction
(steammethane re-forming) that consumes a
large amount of fossil fuels. As aresult, ammo-
nia production is responsible for the highest
fraction of CO, emissions from the chemi-
cal industry (see go.nature.com/3r4ufgm).
Electrically driven processes for ammonia
production might solve this problem, but it
seems unlikely that sustainable processes for
making ammonia and hydrogen will be scaled
up for industrial use in the short term.

Nevertheless, Yuan and colleagues’ LED-
driven method for producing hydrogen from
ammoniaisanice proof of concept that could
be combined immediately with emerging
approaches for the small-scale electrified syn-
thesis of ammonia. The production of small
quantitiesof green hydrogenatsomeindustrial
sites might not be too far away.

Thethird challenge is economic: the cost of
using LEDs to drive industrial reactions must
belower than the cost of burning fuels to heat
equivalent thermally activated reactions. In
this regard, a highly detailed analysis'® has
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shown that sunlight can generate electricity
to power LEDs that have electrical-to-optical
power efficiencies of about 90% in most cases,
thereby providing ‘cheap photons’ for cataly-
sis. Moreover, the idea of using LEDs (which
produce powerful light at a fixed energy) to
activate plasmonic catalysts removes the con-
straints of using sunlight directly — a strategy
requiring materials that can absorb the low-in-
tensity, broad spectrum of photons emitted
by the Sun. Industrial processes driven by
sunlight-powered LEDs could thus become a
cheapreplacement forsome current energy-in-
tensive and high-carbon-emitting processes.

In the next decade, it is to be hoped that
the chemicalindustry will shift towards using
more-sustainable processes. In this context,
the combination of sunlight-powered LEDs
with Earth-abundant catalysts, such as that
reported by Yuan et al., might help plas-
monic catalysis to transition from the labo-
ratory scale to the industrial scale. We need

Astronomy

more such examples to speed our way to a
sustainable future.
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Aplanetaryringin
asurprising place

Matthew M. Hedman

Anobjectin the distant Solar System has been shown to have a
ring thatis unusually far fromits host — prompting speculation
about how the ring material has avoided clumping together to

form moons. See p.239

Planetaryringsare disks containing many small
chunks of ice and other materials that are in
orbit around a larger object’. Most rings are
found within a critical distance of their host,
known as the Roche limit, where the gravita-
tional pull of the host prevents this material
from accreting into objects. But on page 239,
Morgado et al.’ report the discovery of aring
that doesn’t follow this rule: it lies far outside
the Roche limit of its host and is thus at odds
with our current understanding of how such
rings are maintained.

Saturnhasthe mostfamousringsystem, with
rings solarge and bright that they caneven be
seen with small telescopes. But all the other
giantplanets (Jupiter,Uranusand Neptune) are
surrounded by rings too, and these can be seen
with sufficiently powerful telescopes, such as
theKeck TelescopeinHawaii or the James Webb
Space Telescope. Narrow rings have also been
found around a few non-planetary bodies in
the outer Solar System, such as Chariklo and
Haumea**. The ring discovered by Morgado
and colleagues surrounds an object called
Quaoar, which lies beyond Neptune’s orbit.
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This ring is too small and narrow to be
detected directly —evenwithlarge telescopes.
Instead, the authors used multiple telescopes
to monitor the brightness of stars as Quaoar
passed in front of them. The ring material
around Quaoar caused atemporarydipinthe
stars’ apparent brightness by blocking some
ofthe starlight fromreaching the telescopes.
And different telescopes observed dips of
different shapes and intensities, indicating
that the ring’s opacity varies along its length.
Similar variations have been observedinrings
surrounding Saturn®and Neptune®. However,
the position of Quaoar’s ring is very different
fromthat of any comparably opaquering, and
therefore posesachallengetostandard models
of planetary rings.

Rings that have sufficient opacity to block
detectable amounts of starlight are so dense
that their component particles collide with
neighbouring particles ontimescales compa-
rableto their orbital periods (thatis, hours to
days).Inprinciple, these collisions could result
inthe particles sticking together, bouncing off
each other or breaking apart — with sticking
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Figure1|Rings around planets. The Roche limit is the distance from a planet

at which its gravitational field tends to prevent material in orbit around it from
aggregating into moons. Rings around the giant planets (Saturn, Jupiter, Uranus
and Neptune) are all mostly within this limit, shown here for ring material with
density comparable to that of porous water ice (0.5 g cm™). The rings of Chariklo
and Haumea (non-planetary objects in the outer Solar System) are close to the

beingmorelikelyforlower-speed collisionsand
fragmentation more likely for higher-speed
collisions.However, becauseall these collisions
dissipate energy, the relative speeds of the col-
liding particles naturally tend to decrease over
time. If nothing counteracts thistrend, the col-
lisions eventually become slow enough for the
ring material to aggregate into larger objects,
such as moons’.

For most dense rings, differences in the
centralbody’s gravitational pull keep thering
material fromassemblingintomoons. Particles
at different distances from the planet are
subject to different gravitational forces, and
this causes them to orbit at different speeds’.
Theselocal variationsin the gravitational field
becomeincreasingly important the closer they
are to the central body. And inside the Roche
limit, such variations are strong enough to
overwhelm the mutual gravitational attraction
between objects that are close to each other,
tearing them apart.

All the previously known dense rings fall
close to or within the Roche limit for objects
with densities comparable to that of porous
waterice. But thering discovered by Morgado
and colleagues is 4,100 kilometres from
Quaoar’s centre, whereasits Roche limit (also
measured fromits centre) is1,780 km, assum-
ing the ring particles’ density is also roughly
thatof porousice (Fig.1). Thismeans that the
mutual gravitational attraction of chunks of
water ice should easily overwhelm the varia-
tionsin Quaoar’sgravitational pull. We there-
foreneed some other explanation for why this
material hasn’taggregated into a moon.

Morgadoetal.considered various possible
explanations for the existence of Quaoar’s
ring. Oneisthattheringis made of debristhat
wasreleased duringadisruptiveimpactintoa
pre-existing satellite, and has not had enough
timetore-accrete. However, the authors point
out that it should take only a few decades for
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material toassemble backintoamoon, which
makes this option unlikely.

They therefore examined several processes
that could hinder ring material from accumu-
latingintomoonsso faraway from Quaoar.One
scenarioisthat the ring materialis more elastic
than commonly assumed, making the particles
morelikely tobounceapartthanstick together.
Anotheristhatthering particles are subject to
external gravitational perturbations that keep
their collision speeds high enough to prevent
aggregation. Such perturbations could come
from asymmetries in Quaoar’s gravitational
field; from gravitational tugs from its known
moon, Weywot; or even from undiscovered

“Thering reveals that

solid particles might not
always aggregateinto larger
bodies as quickly asone
might expect.”

moons orbiting in the vicinity of the ring.

This last option is worth considering,
because a similar phenomenon might be
happening in the outermost dense ring sur-
rounding Saturn, whichisknownastheF ring.
This lies between the orbits of the satellites
Prometheus and Pandora, and is therefore in
aregion in which moons can exist. However,
Prometheusand Pandoraalso strongly perturb
theFring’s structure, and these perturbations
could be preventing materialin the F ring from
accreting into another moon®%,

The ring reported by Morgado and col-
leagues not only challenges current models
of planetary rings;italsoreveals thatsolid par-
ticles might not always aggregate into larger
bodies as quickly as one might expect. This
could haveimplications for how quickly other
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limit. Haumea has an elongated shape that is not shown here. Known moons
that are close to the planets are shown, although not to scale with their planets.
Morgado et al.* discovered a ring around Quaoar, another object in the outer
Solar System, which is much farther from its host than its Roche limit, in a region
where moons typically form in other systems — posing a challenge for standard
models of planetary rings.

solid objects (such as satellites) were assem-
bled under different conditions.

Future observations of Quaoar’sring should
pin down the specific mechanisms responsi-
ble for its existence. If the ring is a transient
structure, it should gradually disappear as its
material reaggregates. However, if the ring is
long-lived, then the opacity variations along
itslength canbe tracked over time to constrain
exactly how rapidly the ring material is orbit-
ing around Quaoar’. For example, the orbital
period of the ring material could turn out to
be asimple multiple of either Quaoar’s spin
period or Weywot’s orbital period. If so, this
would be compelling evidence that pertur-
bations from those bodies have some role in
sculpting and maintaining this ring — which
would, inturn, motivate further studies of how
similar resonances might affect the rates of
particle aggregation in other contexts.
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