
 

Novel magnetic material operates under
extreme stress conditions
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Crystal structure of complex oxide material La2MnNiO6. An ordered
arrangement of Mn and Ni ions renders this material ferromagnetic with an
unusual stability for operation in extreme stress environments.

(PhysOrg.com) -- Ferromagnetic materials are key ingredients in vast
arrays of technologies including wind turbines, computer hard-disks,
credit card readers, and many more. Typically these magnets operate in
moderate environments. But exposing a magnetic material to high heat
or compressive stress usually destroys its magnetism because high
temperatures and high compression induce agitation and mobility of
unpaired electrons ("atomic compass"), destroying the correlated
arrangement of atomic compasses across the solid needed to generate, or
detect, magnetic fields. Scientists utilizing the U.S. Department of
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Energy Office of Science’s Advanced Photon Source (APS) at Argonne
National Laboratory have found superb stability of ferromagnetism
against compressive stress in an unconventional magnet.

The researchers began investigating an unusual ferromagnetic oxide
insulator composed of nickel, manganese, lanthanum, and oxygen atoms
where electron mobility is limited. While most transition-metal
monoxides do not possess net magnetization, an amusing ordering of Ni,
Mn, and O atoms in this material (with a Ni-O-Mn-O-Ni-O-Mn, etc.,
ordering pattern) results in sizable net magnetization. As it turns out, this
unconventional magnet is also extremely robust when subjected to
compressive stress.

In a series of experiments, the Argonne scientists compressed the
magnet between diamond anvils up to a pressure of 400,000 atmospheres
while probing the materials’ magnetism and structure with x-ray
absorption near edge structure and magnetic circular dichroism
techniques at the X-ray Science Division 4-ID-D x-ray beamline, and
powder x-ray diffraction at the High Pressure Collaborative Access
Team 16-BM-D beamline, both at the APS.

Their results, published in the Rapid Communications section of 
Physical Review B showed that the magnetism remained unchanged
within the few percent of experimental error. This is the first time that a
ferromagnetic material has been found to retain its magnetic properties
in such an extreme environment.

“Although we expected the unconventional ferromagnetism of this
material to survive in a strained state, the superb stability exhibited
under extreme stress conditions is a first, and totally surprising”, said the
article’s lead author, Daniel Haskel. “This and other related complex
oxide magnetic materials to be discovered should open opportunities for
operation of magnets in environments not previously accessible.”

2/3



 

  More information: D. Haskel, et al. “Stability of the ferromagnetic
ground state of oxide insulator La2MnNiO6 against large compressive
stress,” Phys. Rev. B 84, 100403 (2011). 
DOI:10.1103/PhysRevB.84.100403
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