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widely credited with helping to build opposi-
tionto the technology. “We are seeing tangible
outputs of this work,” Javorsky says.

Several national governments are establish-
ing groups to examine existential risk, includ-
ing from Al. Although there is growing public
and politicalinterest in futures studies, much
oftheresearchthatfeedsintothesediscussions
isstill funded by philanthropic organizations,
rather than government grants. That hurts
the field’s reputation, Connelly says, and is

something heis trying to change.

Winning competitive grantsis “what we need
todotoestablish this field for the long runand
to earn the respect of others in academia”,
he says. This isacommon issue, he adds, for
emerging areas of research that are multidis-
ciplinary or don’t fit into existing fields.

“If you want to stick around, then you have
to begin to demonstrate the work does meet
the standard people would expect of any kind
of academic work,” he says.

MEET ‘GOLDENE' —
THE GILDED COUSIN

OF GRAPHENE

This atom-thick sheet of gold might find
use as a catalyst, or in light-sensing devices.

By Mark Peplow

tis the world’s thinnest gold leaf: a gos-

samer sheet of gold just one atom thick.

Researchers have synthesized' the long-

sought material, known as goldene, which

is expected to capture light in ways that
couldbe usefulinapplications such as sensing
and catalysis.

Goldeneisagilded cousinof graphene, the
iconicatom-thin material made of carbon that
was discovered in2004. Since then, scientists
have identified hundreds more of these 2D
materials. Butit has been particularly difficult
to produce 2D sheets of metals, because their
atoms have alwaystended to cluster together
to make nanoparticles instead.

Researchers have previously reported
single-atom-thick layers of tin and lead stuck
to various substances, and they have pro-
duced gold sheets sandwiched between other

materials. But “we submit that goldene is the
first free-standing 2D metal, to the best of
our knowledge”, says materials scientist Lars
Hultman at Linképing University in Sweden,
whois part of the teambehind the new research.
Crucially, the simple chemical method used
to make goldene should be amenable to
larger-scale production, the researchers
reported in Nature Synthesis on 16 April'.

“I'mvery excited about it,” says Stephanie
Reich, a solid-state physicist and materials
scientist at the Free University of Berlin, who
was not involved in the work. “People have
been thinking for quite some time how to take
traditional metals and make them into really
well-ordered 2D monolayers.”

In2022, researchers at New York University
Abu Dhabi (NYUAD) said that they had pro-
duced goldene, but the Linképing team con-
tends that the previous material probably
contained several atomic layers, on the basis

GOLD MINING

Researchers have made goldene — a single layer of interconnected gold atoms — with a relatively simple method.

First, the team made a material
containing a silicon monolayer
sandwiched between sheets of
titanium carbide.

They then added gold
atoms, which diffused
into the structure and
replaced the silicon.

Finally, they etched away
the titanium carbide with
an oxidizing reagent to
release the goldene sheet.
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ofthe electron microscopy images and other
datathat were published in ACS Applied Mate-
rials and Interfaces®. Reich agrees that the 2022
study failed to prove that the material was sin-
gle-layer goldene.

However, RameshJagannathan, wholed the
NYUAD study, stands by the work and disputes
the Linkdping team’s assertions about it. “We
did extensive characterization using atomic
force microscopy,” he says, referringtoatech-
nique thatimages surfaces by scanning them
withacantilever. The NYUAD researchers also
demonstrated that their material is asemicon-
ductor, as expected for monolayer gold.

Golden age

To prepare goldene, the LinkOping researchers
started with a material containing atomic
monolayers of silicon sandwiched between
titanium carbide. When they added gold to
this sandwich, it diffused into the structure
and changed places with the silicon to create
atrapped atom-thick layer of gold (see ‘Gold
mining’). They then etched away the titanium
carbide to release goldene sheets that were
roughly 400 times as thin as the thinnest
commercial gold leaf, Hultman estimates.

That etching process used a solution of
alkaline potassium ferricyanide known as
Murukami’s reagent. “What’s so fascinating is
thatit’sal00-year-old recipe used byJapanese
smiths to decorate ironwork,” Hultman
says. The researchers also added surfactant
molecules — which form a protective barrier
between goldene and the surrounding liquid
—tostop the sheets from sticking together.

The Linképing team suggests that goldene
might be useful in applications in which gold
nanoparticles already show promise. Light
can generate waves in the sea of electrons at
agold nanoparticle’s surface, which can chan-
nel and concentrate that energy. This strong
response to light has been harnessed in gold
photocatalysts to split water to produce hydro-
gen, forinstance. Goldene could shineinareas
such as this, Hultman says, but its properties
need to beinvestigated in more detail first.

“Ithink the researchis really interesting,”
says Graham Hutchings, a chemist at the
University of Cardiff, UK, who develops gold
catalysts. But he worries that any residual
traces of iron from Murukami’s reagent
might hamper the development of goldene
asacatalyst. “lwould think that potential con-
tamination with iron is going to cause a few
problemsin applications,” he says.

For now, the Linképing researchers are
seeking better ways tosieve goldene fromthe
solution used to make it, and to grow larger
flakes of the material.
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