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What's New at the Labs? Part|

Spotlight on Sustaining Member

At Argonne National Laboratory
giant magnetocaloric materials could
have large impact on the environment.
Collaboration with Ames Laboratory

Materials that change temperature in magnetic fields
could lead to new refrigeration technologies that reduce the
use of greenhouse gases, thanks to new research at the US
Department of Energy's Argonne National Laboratory and
Ames National Laboratory.

Scientists carrying out X-ray experimentation at the
Advanced Photon Source at Argonne—the nation’s most
powerful source of X-rays for research—are learning new
information about magnetocaloric materials that have
potential for environmentally friendly magnetic refrigera-
tion systems.

Magnetic refrigeration is a clean technology that uses
magnetic fields to manipulate the degree of ordering (or
entropy) of electronic or nuclear magnetic dipoles in order to
reduce a material’s temperature and allow the material to
serve as a refrigerant. New materials for refrigeration based
on gadolinium-germanium-silicon alloys display a giant
magnetocaloric effect due to unusual coupling between the
material's magnetism and chemical structure.

Understanding this coupling is essential to moving this
technology from the laboratory to the household. Magnetic
refrigeration does not rely on hydrofluorocarbons (HFCs)
used in conventional refrigeration systems. HFCs are green-
house gases that contribute to global climate change when
they escape into the atmosphere.

A collaboration between researchers from Argonne and
Ames has now revealed key atomic-level information about
these new materials that makes clear the role played by the
nominally non-magnetic germanium-silicon ions in the
giant magnetocaloric effect. In an article published in the
June 15 issue of Physical Review Letters, the researchers
describe how they used high-brilliance, circularly-polarized
X-ray beams at the Advanced Photon Source to probe the
magnetism of gadolinium and germanium ions as the mate-
rial underwent its bond-breaking magneto-structural transi-
tion. In addition to the expected strong magnetization of
gadolinium ions, the researchers found significant magneti-
zation attached to the germanium ions.

“This is surprising and important,” said Argonne physi-
cist Daniel Haskel, who led the research team. “Germanium
was expected to be non-magnetic. Its magnetization is
induced by the hybridization, or mixing, of otherwise non-
magnetic germanium atomic orbitals with the magnetic
gadolinium orbitals. This hybridization dramatically
changes at the germanium-silicon bond-breaking transition,
causing the destruction of magnetic ordering and leading to
the giant magnetocaloric effect of these materials.”

By combining the novel experimental results with
detailed numerical calculations of the electronic structure
carried out at Ames Laboratory, the researchers were able to

conclude that the magnetized germanium orbitals act as “magnetic
bridges” in mediating the magnetic interactions across the distant gadolin-
ium ions.

The magnetocaloric effect—a change in temperature accompanying a
change in a material's magnetization—is largest near a material’s intrinsic
magnetic ordering temperature. In the case of rare-earth gadolinium, this
ordering occurs near room temperature and results in a temperature
increase of 3-4K/per Tesla when a magnetic field is applied, making
gadolinium the current material of choice for magnetic refrigeration near
room temperature.

The prospects for a viable magnetic refrigeration technology recently
became brighter with the report of a giant magnetocaloric effect in gadolin-
ium-silicon-germanium alloys. The addition of non-magnetic silicon and
germanium ions brings about a giant entropy change when germanium-sil-
icon chemical bonds connecting the magnetism-carrying gadolinium ions
are quickly formed or broken, respectively, by the application or removal of
a magnetic field. As an added bonus, the magnetic ordering temperature
can be tuned by changing the ratio or germanium to silicon.

“As a result of this work we now have a better understanding of the
role of nonmagnetic elements, such as germanium, in enhancing magnetic
interactions between the rare-earth metals in these materials,” said co-
author and Ames Laboratory senior scientist Vitalij Pecharsky. “This dis-
covery is counterintuitive, yet it opens up a range of exciting new opportu-
nities towards the engineering of novel magnetic materials with predictable
properties.”
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With Cryoguard™ Thermal Exposure Indicators monitoring
your temperature sensitive perishables, you can have instant

exposure indication during shipping and storage.

= Simple - activated indicators
irreversibly change color from
green to red when temperatures
rise above signal range

= Convenient - place near product or
in multiple areas of large containers

= Hassle Free - no need to recover
and return thermal recorders or
deal with PC or software program
support or training - no more mis-
read or misfiled recordings
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to signal thermal exposure
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In business since 1984 guarding frozen blood plasma, stem cells,
sperm, tissue samples, clinical samples and premixed epoxy adhesives.

For more information call 215-712-9000 or visit www.cryoguard.com
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