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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 
gSGFETs 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 

Quasicrystalline 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 

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.

(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.

 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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tetrahedra were synthesized using a 
commonly used hot-injection method 
and a core–shell growth method. This 
is an interesting choice of quantum dot 
shape as most previous studies looked at 
spherical or near-spherical geometries. 
Having found earlier that their trunca-
ted tetrahedral quantum dots (TTQDs) 
self-assembled into exciting and com-
plex superstructures when the colloid 
was left to dry on a rigid silicon sub-
strate, the research team was interest-
ed in understanding how increased in-
terparticle interaction would modify the 
self-assembly. 
 To this end, the researchers careful-
ly dropped the TTQD colloidal solution 
(in cyclohexane) atop a non-interacting 
liquid subphase (ethylene glycol) of dif-
ferent polarity. This helped the two liq-
uid phases to avoid mixing and gave the 
TTQDs increased time to interact. Once 
the top phase evaporated, the dried struc-
tures were isolated and studied using 
x-ray scattering and electron microscopy. 
A thorough characterization of the struc-
tures showed that the TTQDs had, in fact, 
self-assembled into tenfold QCSLs. This 
was surprising since the TTQDs are sin-
gle-component nanoparticles. 

 The normal practice during nanocrys-
tal synthesis is to cover the surfaces with 
surfactants, the role of which is to im-
part colloidal stability to the nanocrystals 
and to enhance their optical properties 
by securing their surfaces from unwant-
ed oxygen and moisture attack. One set 
of the surfaces of the TTQDs was in-
tentionally covered with a different sur-
factant than the others. This surface-
specific surfactant coating had crucial 
implications when TTQDs were allowed 
to interact during self-assembly. Surface 
facets with similar surfactants had en-
hanced affinity to come closer, enhanc-
ing self-assembly and leading to decago-
nal units. Importantly, it was found that 
during self-assembly, the decagons could 
flexibly share edges and transform into 
polygons of five to nine edges wherever 
necessary to fill gaps. 
 “The present work is a fascinating 
discovery on quasicrystalline assem-
blies from anisotropic nanocrystals,” 
says Xingchen Ye, an assistant profes-
sor of chemistry at Indiana University 
Bloomington, and an expert in qua-
sicrystalline self-assembly. “The ob-
served tenfold rotational symmetry is 
distinct from the dodecagonal symmetry 

predicted by computer simulations of as-
semblies of hard tetrahedra, motivating 
further investigations on how details of 
shape and interaction anisotropy encod-
ed at the single-nanocrystal level lead to 
mesoscopic ordering.”
 The demonstration of QCSLs from 
single-component building blocks en-
abled by the discovery of the “flexible 
polygon tiling rule” has opened a new 
realm in the field of quasicrystalline struc-
tures and will enrich the tool chest for 
chemical synthesis of superstructures. 
“We have demonstrated a fundamental-
ly new type of quasicrystal. The deca-
gons form quasicrystalline superlattices 
by making their edges flexible, utilizing 
our flexible polygon tiling rule,” Chen 
says. “Our findings have implications for 
research in materials science, chemistry, 
mathematics, and even art and design.”
 Quantum dot superlattices are increas-
ingly being explored for electronic and 
optoelectronic applications with claims 
of enhanced charge transport and opti-
cal properties due to increased order. The 
present study is anticipated to soon bring 
into view the exciting subfield of quan-
tum dot QCSL electronics. 

Ahmad R. Kirmani

ENERGY FOCUS

Functionalized-carbon-supported 
Pt-Co alloy nanoparticle catalyst 
yields reduced-cost fuel cells 

Fuel cells are electrochemical devices 
that convert chemical energy stored in 

fuels (e.g., hydrogen gas) into electricity. 
Their functionality relies on a rapid oxygen 
reduction reaction (ORR) for energy gen-
eration. Since ORR is a non-spontaneous 
process with a high reaction potential bar-
rier, electrocatalysts containing noble met-
als (e.g., Pt) are typically used to reduce 
this barrier and improve the fuel cell en-
ergy efficiency. The scarcity and high cost 
of Pt is one of the reasons hindering broad 
adoption of fuel cells. A research team led 
by Di-Jia Liu, a senior chemist at Argonne 
National Laboratory, recently developed 
a novel ORR catalyst with record low Pt 
mass (0.035 mgPt/cm2) that outperformed 

its commercial counterparts. This break-
through was reported in a recent issue of 
Science (doi:10.1126/science.aau0630).
 “This discovery happened to us ser-
endipitously,” Liu says. The researchers 
initially focused on the development of a 

(a) An illustration of the microstructure of the developed catalyst: Pt-Co nanoparticles and graphene-
wrapped Co nanoparticles anchored on a Co, N-containing carbon surface. (b) Tafel plots of output 
voltage versus mass activities of four oxygen reduction reaction catalysts. LP@PF-2 is the best 
catalyst the researchers synthesized. The green star marks the performance set by the 2025 target 
of the US Department of Energy (DOE), Fuel Cell Technologies Office. Credit: Di-Jia Liu.

heterogeneous catalyst for gas-phase bio-
fuel production. They synthesized sev-
eral materials consisting of Pt-Co core–
shell nanoparticles sprinkled on N-doped 
porous carbon substrates by thermal-
ly annealing Co/Zn zeolitic imidazolate 
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