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COAL FINANCIERS AND RECIPIENTS

In 2020, China was by far the world’s biggest public
financier of coal-fired power plants abroad, with
most of that money flowing to other Asian nations.
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International Climate Research in Oslo.

In Europe and the United States, coal
power has been declining noticeably
inrecent decades. Despite former
US president Donald Trump’s promise to
revive the industry, very little capacity
was added during his four-year term,
whereas coal-fired plants that generated
atotal of 52.4 GW were retired.

The phasing out of coal has been slower
in Europe, but European Union countries
have retired more than 17 GW of capacity
since 2019 — led by Spain, which closed
half of its coal-fired power stations in 2020.

Leaders of the G7 group of advanced
economies — consisting of Canada, France,
Germany, Italy, Japan, the United Kingdom
and the United States — agreed in May
to halt the international financing of coal
projects.

But the almost 2,500 coal-power stations
operating in the world today might still emit
more than 200 billion tonnes of carbon
dioxide over their lifetimes, making it hard
to rein in global warming to 1.5 °C above
pre-industrial temperatures.

“The 1.5 °C goal is out of reach if coal-
fired plants aren‘t replaced by cleaner
energy technologies very soon,” says
Edenhofer. “Alas, an end of coal is not yet
insight.”

By Quirin Schiermeier

SOLID MADE OF

ELECTRONS IMAGED

FORFIRST TIME

Graphene trick allows physicists to
take snapshots of ‘Wigner crystals’.

By Davide Castelvecchi

fthe conditions arejustright, some of the
electrons inside a material will arrange
themselves into a tidy honeycomb pat-
tern — like asolid withinasolid. Physicists
have now directly imaged these ‘Wigner
crystals’, named after the Hungarian-born
theorist Eugene Wigner, who firstimagined
them almost 90 years ago.

Researchers had convincingly created
Wigner crystals and measured their proper-
tiesbefore, but thisis the first time thatanyone
has actually taken asnapshot of the patterns,
says study co-author Feng Wang, a physicist at
the University of California, Berkeley. “If you
say you have an electron crystal, show me the
crystal,” he says. The results were published
on 29 September in Nature (H. Li et al. Nature
597,650-654;2021).

To create the Wigner crystals, Wang’s team
built a device containing atom-thin layers
of two similar semiconductors: tungsten
disulfide and tungsten diselenide. The team
then used an electric field to tune the density
of the electrons that moved freely along the
interface between the two layers.

In ordinary materials, electrons zoom
around too quickly to be significantly affected
by the repulsion between their negative
charges. But Wigner predicted thatifelectrons
travelled slowly enough, that repulsion would
begin to dominate their behaviour. The elec-
trons would then find arrangements that min-
imize their total energy, such as ahoneycomb
pattern. So Wang and his colleagues slowed
the electronsin their device by cooling it to
just afew degrees above absolute zero.

A mismatch between the two layers in the
device also helped the electrons to form
Wigner crystals. The atoms in each layer are
slightly different distances apart, so pairing
them together creates a honeycomb ‘moiré
pattern’, similar to that seen when overlaying
two non-identical grids. That repeating pat-
tern created regions of slightly lower energy,
which helped the electrons to settle down.

Theteam used ascanning tunnelling micro-
scope (STM) to see this Wigner crystal. In an
STM, a metal tip hovers above the surface of
asample, and a voltage causes electrons to
jump down from the tip, creating an electric
current. As the tip moves across the surface,
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This scanning tunnelling microscope image
of agraphene sheet reveals that a ‘Wigner
crystal’ — a honeycomb arrangement of
electrons — has formed inside a layered
structure underneath.

the changing intensity of the current reveals
the location of electronsin the sample.

Initial attempts to image the Wigner crys-
tal by applying the STM directly to the dou-
ble-layer device were unsuccessful, Wang
says, because the current destroyed the frag-
ile Wigner arrangements. So the team added
alayer of graphene, a single-atom sheet of
carbon, on top. The presence of the Wigner
crystalslightly changed the electron structure
ofthe graphene directly above, which was then
picked up by the STM. The images clearly
show the neat arrangement of the underly-
ing Wigner electrons. As expected, consecu-
tive electronsinthe Wigner crystal are nearly
100 times farther apart than are the atoms in
the semiconductor device’s actual crystals.

“I'think that’s a great advancement, being
able to perform STM on this system,” says
Carmen Rubio Verdd, a physicist at Colum-
bia University in New York City. She adds that
the same graphene-based method will enable
STM studies of anumber of other interesting
physical phenomenabeyond Wigner crystals.
Kin Fai Mak, a physicist at Cornell University
inlthaca, New York, agrees. “The techniqueis
non-invasive to the state you want to probe. To
me, itisavery cleveridea.”

Nature | Vol 598 | 7 October 2021 | 21

H.LIET AL./NATURE





