THE ADVANCED PHOTON SOURCE

FIRST OBSERVATION OF NEAR-ROOM-TEMPERATURE SUPERCONDUCTIVITY

For decades, room-tempera-

ture superconductivity has been
one of physics' ultimate goals. Var-
ious materials, theories, and tech-
niques have been proposed and
explored in search of this objec-
tive, but its realization has re-
mained elusive. Now, recent ex-
perimental work on hydrogen-rich
materials at high pressures is fi-
nally opening the pathway to prac- oo
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tical superconductivity and its vast S
potential. Russell Hemley, a mate-
rials chemist at George Washing-
ton University in Washington, D.C.,
first announced evidence of super-
conductivity at 260 K in May, 2018,
and then hints of an even higher
280 K transition in August of that
year. Now Hemley, along with a
team of researchers from The
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The structure of LaH;( with the sample and the four platinum leads at 180 GPa. The con-
firmation with in situ x-ray diffraction after laser heating shows the drop in resistivity
starting at around 265 K in one of the samples synthesized. The confirmation of the struc-
ture was determined from the powder diffraction pattern shown in the lower panel. The

data was obtained at HP-CAT beamline 16-ID-B at the APS.

George Washington University and

the Carnegie Institution for Science

synthesized several lanthanum superhydride
materials that demonstrated the first experimen-
tal evidence of superconductivity at near room
temperature, and with colleagues from Argonne
National Laboratory characterized them at the
U.S. Department of Energy’s Advanced Photon
Source (APS).

One of the major experimental challenges
in the study of these materials under high pres-
sures is the extreme difficulty of creating and
properly characterizing them in the laboratory.
The research team in this study have developed
new techniques to deal with these problems, us-
ing in situ four-probe measurements to measure
electrical conductivity in diamond anvil cells
combined with x-ray diffracton.

Modulated, pulsed laser heating was uti-
lized to react lanthanum metal with hydrogen at
megabar pressures (nearly 2 million ATM) to
synthesize the samples. These synthesis and
characterization x-ray diffraction studies were
performed at the High Pressure Collaborative

Access Team (HP-CAT) 16-1D-B of beamline of
the APS (the APS is an Office of Science user
facility at Argonne). The authors note that these
new experiments bring to focus the synergy of
laboratory techniques with on-line, in situ syn-
chrotron x-ray techniques that provided the nec-
essary confirmation of the phase responsible for
the near room temperature superconductivity in
this system.

The team created several types of super-
hydride materials with pulsed laser heating, us-
ing both ammonia borane and pure hydrogen as
a source of hydrogen. The researchers ob-
served a sharp drop in electrical resistance of
the first sample occurring around 275 K, then
remaining near-zero below 255 K. In subse-
quent experiments, resistivity transitions starting
as high as 280 K were observed. The current-
voltage characteristics and the effect of applied
current on the transition temperature were also
measured. This showed the material has a large
critical current in the super- conducting phase.
X-ray diffraction measurements as a function of

temperature through the region of
the transition showed no evidence
for major structural changes asso-
ciated with the transition, in agree-
ment with their predictions for
LaH4q.

In addition to the important
observations of superconductivity
at temperatures above 260 K, the
work highlights the importance of
synchrotron x-ray diffraction as a
critical tool for these experiments
and for extreme conditions materi-
als science in general, and the
crucial role played by the APS in
this effort. For example, in the
most recent set of experiments,
electrical transport as a function of
temperature was measured in situ
in a cryostat on the HP-CAT beam-
line. The experiments also made
use of the high-pressure support
labs managed by the EFree EFRC
located at the APS. The authors note that it is
crucial to have x-ray (e.g., synchrotron) charac-
terization of the very sample exhibiting the su-
perconductivity. Thus, down the road they see
the need for multiple complementary probes to
be brought to bear on the same, well character-
ized samples. Such multifaceted characteriza-
tion will be essential for understanding its pre-
cise mechanisms.

Advanced synchrotron x-ray sources such
as the APS,will ultimately lead to the structural
control needed to synthesize these materials for
practical applications, and to the revolutionary
technologies that will follow. — Mark Wolverton
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CALL FOR APS GENERAL-USER PROPOSALS

The Advanced Photon Source is open to experimenters who can benefit from the facility’s high-brightness hard x-ray beams.
General-user proposals for beam time during Run 2019-3 are due by Friday, July 5, 2019.

Information on access to beam time at the APS is at http://www.aps.anl.gov/Users/apply_for_beamtime.html or contact Dr. Dennis Mills, DMM@aps.anl.gov, 630/252-5680.

Argonne National Laboratory is a U.S. Department of Energy (DOE) laboratory managed by UChicago Argonne, LLC

The Advanced Photon Source is a U.S. DOE Office of Science User Facility operated for the DOE Office of Science by Argonne National Laboratory under Contract No. DE-AC02-06CH11357
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