
A 2D magnet  t hat  can t ake 
t he heat

The magnetic component of today?s 
memory devices is typically made of 
magnetic thin films. But at the atomic 
level, these materials are still three- 
dimensional? hundreds or thousands of 
atoms thick. For decades, researchers have 
searched for ways to make thinner and 
smaller magnets to store data at a much 
higher density. Previous achievements in 
the field of 2D magnetic materials have 
brought promising results. But these 
early magnets lose their magnetism and 
become chemically unstable at room 
temperature. Now, a team of researchers 
has synthesized a single atomic layer of zinc 
oxide, doped with cobalt, that exhibits 
spontaneous magnetization at room 
temperature and above. 

A di lute cobalt - doped magnet ic 
oxide

Graphit ic zinc oxide (gZnO) is a layered 
material with a graphene-like honeycomb 
structure and strong stability in air. 
Magnetism can be introduced into the 
system through doping with Co atoms, 
producing the dilute magnetic oxide, 
Zn1-xCoxO (gZCO). Synthesis of the gZCO 
is relat ively simple, start ing with a solut ion 
of graphene oxide, zinc, and cobalt . A few 
hours of baking in a conventional lab oven 
transforms the mixture into a single atomic 
layer of zinc oxide with a smattering of 
cobalt  atoms, sandwiched between layers 
of graphene. A final annealing process, 
conducted at 400 °C in air for one hour, 
removes the graphene layers and highlights 
the strong chemical stability of gZCO 
crystals in ambient condit ions.

Pinpoint ing t he magnet izat ion 
sour ce

A wide variety of experimental 
techniques confirmed the 2D morphology 
of the gZCO, revealed the valence state of 
the Co impurit ies (Co2+), provided clear 
evidence of spontaneous magnetizat ion at 
ambient condit ions, and ruled out metallic 
cobalt  or cobalt  oxide clusters as sources of 
the magnetism. 

At ALS Beamline 6.3.1, the researchers 
performed x-ray magnetic circular 
dichroism (XMCD) experiments at the Co 
L2,3 edges at high temperatures. XMCD 
measures the difference between two 
x-ray absorpt ion spectra, taken with the 
incident x-rays directed parallel and 
ant iparallel to the magnetizat ion. Thus, 
nonzero XMCD features indicate the 
presence of ferromagnetic long-range 

Scient i f ic 
Achievement
Researchers have made the world?s 
thinnest (one atom thick) magnet 
that?s chemically stable under 
ambient condit ions.

Signi f icance 
and Impact
The two-dimensional material, 
magnetically characterized at the 
Advanced Light Source (ALS), could 
enable big advances in next- 
generat ion memory devices, 
computing, spintronics, and 
quantum physics.

Top view of a single atomic layer of zinc (yellow) and oxygen (blue), doped with cobalt  (red). It  was 
found to exhibit  long-range magnet ic order, a phenomenon mediated by free elect rons (gray). 
(Credit : Jenny Nuss and Marilyn Sargent /Berkeley Lab)
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order. The location of the features (i.e., 
prominent dips centered at 780.5?eV) are 
consistent with the L3 edge of Co2+ states. 
Therefore, the origin of the ferromagnetism 
in gZCO is explicit ly attributed to the 
strongly coupled Co2+ ions in the gZnO 
matrix instead of Co clusters, in agreement 
with the other analyses.

Free elect rons keep magnet ic 
atoms on t rack

The experimental results are consistent 
with a model in which charge carriers (free 
electrons or holes) act as intermediaries in 
ensuring the alignment of the Co 
magnetizat ions. In this framework, the Co 
concentrat ion plays an important role, thus 
affirming the intriguing possibility of 
tuning the magnetism by changing the 
doping level. 

In general, the development of an 
ultrathin magnet, fabricated using a 
scalable process and that operates at room 
temperature, could not only lead to new 
applicat ions in computing and 

electronics? such as high-density, compact 
spintronic memory devices? it  also marks 
a crucial step forward in the realizat ion of 
new tools for the study of quantum and 
topological phases at ambient condit ions. 
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Illust rat ion of the graphene and gZCO het-

erost ructure that  occurs during synthesis.

Temperature-dependent  XMCD spectra of stacked 2D gZCO/graphene heterost ructures at  the Co 

L2,3 edges for Co doping concentrat ions of 11.9% (left ) and 12.1% (right ). The Co L3 edge posit ion 
(780.5?eV at  400?K) indicates the dilute, but  st rongly entangled Co2+as the ferromagnet ic origin.
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