according to Jingli Ren of Zhengzhou
University, China. Ren performed the
calculations for this study. Both the de-
formation twinning and phase transition
likely contributed to the low-tempera-
ture ductility and strength measured in
CoCrFeNi HEAs.

Further understanding is needed of
how the observed chaotic behaviors

in CoCrFeNi contribute to its serrated
stress—strain behavior and mechanical
properties at low temperatures. According
to Liaw, more in-depth analysis and mod-
eling of this and other HEAs are needed to
separate the contributions from deforma-
tion twinning and phase transition to the
strength and ductility seen at the liquid-
helium temperature. Such a study could
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be challenging because the two behav-
iors often appear simultaneously in some
HEAs.

Zhang hopes these results demon-
strate the capabilities of HEAs at cryo-
genic temperatures, which could be used
especially as materials for acrospace and
nuclear-reactor applications.

Lauren Borja

BIO FOCUS

Graphene microtransistors map
brain activity

he study of low-frequency brain sig-

nals, which is important for the di-
agnosis of many medical conditions, is
limited by the microelectrode materials
currently available. Now, researchers
have shown that these infraslow brain
waves, that is, brain activity that occurs
at frequencies less than 0.1 Hz, can be
monitored with high spatial resolution us-
ing graphene transistors.

From the outside, the brain looks like a
colony of neurons that communicate with
each other in some sort of bizarre elec-
trical language. Chemical conditions in-
side and around a neuron decide whether
it will respond to or ignore an incoming
signal from another neuron. If the con-
ditions are right, a traveling electric po-
tential is generated that moves across the
brain. Most neural activity that has been
studied so far is fast—greater than 1 Hz.
However, infraslow activity (ISA) is be-
coming recognized for its involvement in
a number of electrophysiological states
such as sleep, coma, wakefulness, and an-
esthesia. Among these slow-moving brain
murmurs are such ominously named en-
tities as “spreading depolarizations” and
“cortical spreading depressions” or CSDs.
These slow-moving waves are often called
brain tsunamis, which depolarize neurons
and shut down large sections of the brain.
CSDs are often triggered in cases of stroke
or brain injury as well as during migraines
and epileptic seizures.

“In humans, terminal spreading depo-
larization (SD) has been measured with-
in minutes following circulatory arrest
and during the development of brain
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(a) Schematic of a flexible graphene
solution-gated field-effect transis-
tor (gSGFET) array technology;
(b) microscope images of the active
areaof a4 x 4 gSGFET array and a
15-channel intracortical array; and
(c) photograph of the neural probe
after peeling from the wafer and
being introduced into a zero inser-
tion force connector to interface
with recording electronics. Credit:
Nature Materials.

death. Transient SDs have been record-
ed in 90-100% of patients with severe
stroke, 60-80% of patients with brain
hemorrhage, and about 50% of patients
with severe traumatic brain injury,”
Jens P. Dreier of the Center for Stroke
Research Berlin told MRS Bulletin. The
study of these low-frequency brain sig-
nals are therefore important for diagno-
sis and cure in neurocritical care.

In a recent issue of Nature Materials
(doi:10.1038/s41563-018-0249-4), Eduard
Masvidal-Codina and colleagues, led by
Anton Guimera-Brunet at the Institute
of Microelectronics of Barcelona (IMB-
CNM, CSIC) and Jose A. Garrido at
the Catalan Institution for Research and
Advanced Studies (ICREA), reported
their study of graphene microtransistors
for studying low-frequency brain signals.
The unique geometry of these devices

allows good integration with the tissue of
the brain and can cover a significant ar-
ea, allowing for comprehensive monitor-
ing. The research team developed a graph-
ene solution-gated field-effect transistor
(gSGFET) that used a graphene sheet
to mediate the conduction between
the source and the drain. The potential of
the neural tissue changes the resistance
of the graphene channel that is then read
from the current variation. These graphene
transistors not only have a high surface-to-
volume ratio—enabling greater coverage
of the brain tissue than was possible pre-
viously—but also function as signal am-
plifiers, boosting the signal-to-noise ratio.

“Mapping infraslow activity with high-
fidelity and spatial resolution simultane-
ously with local field potentials with non-
cytotoxic materials was not previously
possible and is a technological advance
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provided by graphene microtransistors,”
the researchers commented in a commu-
nication to MRS Bulletin; ““Combined with
the mapping capabilities, this could allow
determining the role of different brain
structures on infraslow signals.”

The use of transistors also removes
another fundamental bottleneck in high
fidelity measurements of brain signals.
Current technology requires each elec-
trode to be attached to a wire—limiting
the space available for exploration. Due
to the multiplexing capability of tran-
sistor technology, this limitation can be
overcome. As the recording sensor is an
active electronic device, it can be easily

arranged in an array to implement mul-
tiplexing strategies that ultimately lead
to a significant reduction in the number
of connectors. “We envision that if the
results of these studies are positive, this
technology could be applied by neuro-
surgeons in the clinic for a more precise
detection of the onset of certain epileptic
seizures,” the research team says. The de-
vice is pending patent approval.

Other researchers in the field have
reacted positively to this study. Robert
Wykes, in the Department of Clinical
and Experimental Epilepsy at University
College London, says, “I believe that
¢SGFETs will aid preclinical studies aimed

at understanding the importance of DC
shifts and infraslow activity to seizure ini-
tiation and termination. Additionally, these
devices could be used clinically during pre-
surgical monitoring as studies have shown
that favorable surgical outcome correlates
with resection of areas generating ictal [re-

lating to a seizure] baseline shifts.”
Dreier concurs. “The results are very
promising as this material seems to have
the potential to perform intracranial moni-
toring in humans with much higher accura-
cy than before. This certainly deserves fur-
ther study and development.” Both Wykes
and Dreier are not involved with this study.
Vineet Venugopal

Truncated tetrahedral quantum
dots self-assemble into quasi-
crystalline superlattices

uasicrystalline structures—discovered
by Dan Shechtman to break classic
crystallographic principles by exhibiting
tenfold rotational symmetry—have been
further explored with great rigor. A recur-
ring theme in experimental demonstrations
has been the fact that more than one dis-
tinct component is needed as the building
block to form quasicrystals. For example,
bimetallic nanocrystals have been success-
fully arranged in quasicrystalline super-
lattices (QCSLs). Quasicrystals made out
of single building blocks have only been
theoretically predicted using computer
simulations thus far. A research group at
Brown University led by Ou Chen has now
demonstrated quasicrystals made out of a
single-component building block. The re-
sults were recently published in Science
(doi.org/10.1126/science.aav0790).
Classical crystallography is based on
the foundational theorem that crystals can
only exhibit two-, three-, four-, and six-
fold rotational symmetries. A pattern with
any of these symmetries will have transla-
tional periodicity, a prerequisite for a crys-
talline state. Particles arranged in any other
configuration will lack translational sym-
metry and so will not be crystals, as per
the original definition. In the early 1980s,
however, Shechtman made his startling
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(a) Patchy truncated tetrahedral quantum dots (TTQDs) used for formation of quasicrystalline
superlattices (QCSLs) (credit: Nature). ODPA is octadecylphosphonic acid. (b) Controlled evaporation
of the TTQD colloidal solution in cyclohexane on the non-interacting liquid subphase of ethylene
glycol; and (c) transmission electron microscope image of tenfold QCSLs. Credit: Science, AAAS.

discovery that certain alloys of aluminum
and manganese formed quasicrystalline
structures that flouted this basic rule of
crystallography. This discovery marked a
breakthrough in current understanding on
how matter packs at the atomic scale and
it redefined the field of crystallography.
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The single building block to form
quasicrystals is a special kind of nano-
crystal, the synthesis of which was re-
ported by the same group last year
in Nature (doi:10.1038/s41586-018-
0512-5). Core—shell quantum dots (or
nanocrystals) with the shape of truncated
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