
Crystalline compounds known as per-
ovskites are currently a hot topic of research. 
Composed of at least three different ionic 
species, these materials are renowned 
for their electrical and optical properties 
and have outstanding potential for use in 
solar cells1 and opto electronic devices2. On 
page 535, Cherniukh et al.3 report that when 
nanocubes of perovskites are combined 
with nanospheres of other mater ials, with or 
without a third type of nano crystal, the various 
nano structures obtained can arrange into a 
3D ‘superlattice’ that has the same sort of 
arrangement as the ionic lattice in perovskites. 
Moreover, the nanocubes’ high degree of ori-
entational order in the super lattice induces 
the phenomenon of superfluorescence, a 
collective emission of photon bursts that 
might have practical applications.

Methods for preparing nanocrystals of 
identical size and shape (monodisperse nano-
crystals) were first reported4 in 1993. A couple 
of years later, researchers began making 
superlattices consisting of mono disperse 
nanocrystals5. Since then, it has become possi-
ble to tailor a rich variety of nanocrystal shapes 
and sizes, and to control their interactions and 
environments, allowing an extensive range of 
nanocrystal superlattices to be made6. Such 
work is partly inspired by a desire to investi-
gate the fundamental science that triggers 
the formation of artificial lattices from tiny 
crystals. But researchers are also spurred 
on by the fact that periodic arrangements of 
nanocrystals exhibit new or improved prop-
erties6,7 — such as enhanced electron trans-
port, catalytic activity, or light emission and 
absorption — compared with the properties 
of nanocrystals that aren’t in superlattices. 

Cherniukh and co-workers now show that 
artificial perovskite-like superlattices can be 
constructed by combining different types 
of nanocrystal. By mixing nanocubes of the 
perovskite CsPbBr3 (Cs, caesium; Pb, lead; 
Br, bromine) with spherical nano crystals 
of iron(ii,iii) oxide (Fe3O4; Fe, iron) or of 
NdGdF4 (Nd, neodymium; Gd, gadolinium; 

F, fluorine), they obtained binary super-
lattices. And by adding truncated-cuboid lead 
sulfide (PbS) nanoparticles to the mix, they 
obtained ternary superlattices. The general 
formula of a perovskite is ABO3, in which A and 
B represent positively charged ions and the 
three oxygens are negatively charged oxide 
ions. In Cherniukh and colleagues’ ternary 

super lattices, the nanocubes adopt lattice 
positions equivalent to the sites of the oxide 
ions in a perovskite crystal lattice; the spher-
ical nanocrystals occupy the A sites; and the 
PbS nanocrystals occupy the B sites (Fig. 1a). 

In ionic perovskite crystals, at least three 

ions with different radii are required to 
achieve the characteristic perovskite lattice. 
By contrast, Cherniukh et al. observed that 
perovskite-like superlattices can be achieved 
using only two types of nanocrystal. This is 
because the cuboid nanocrystals have a rota-
tional degree of freedom. The cubic shape and 
surface deformability of these nano crystals 
cause them to become locked in specific 
orientations in the superlattice.

The authors also found that, for systems 
composed of CsPbBr3 nanocubes and Fe3O4 
nanospheres, tiny changes in the relative sizes 
and fractions of the two types of nano crystal 
can transform the resulting super lattice from 
a cubic arrangement, analogous to that found 
in crystals of sodium chloride, to an ABO3 
arrangement (Fig. 1b). High-resolution trans-
mission electron microscopy and electron dif-
fraction studies of these binary superlattices 
showed that the orientations of the nanocubes 
are highly ordered. By contrast, the axes of the 
crystal lattices in the spherical nanoparticles 
have random orientations.  

In a final piece of superlattice engineering, 
Cherniukh and co-workers carefully adjusted 
the relative sizes of the nanocrystals in the 
ternary system consisting of CsPbBr3 nano-
cubes, Fe3O4 nanospheres and truncated 
PbS nanocubes. The authors observed that 
the nanocrystals in the superlattice could pack 
together to fill approximately 92% of the space 
available. Such a high packing density has not 
been observed in ionic perovskite crystals.

Cherniukh et al. found that, in a binary ABO3 
superlattice consisting of CsPbBr3 nanocubes 
and spherical NdGdF4 nanocrystals, the high 
orientational order of the nanocubes, together 
with their large oscillator strength (a quan-
tity that expresses the likelihood that the 
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Nanocrystals with tailored shapes and compositions have 
been shown to form ‘superlattice’ arrays analogous to the 
ionic lattices of perovskite compounds. One such superlattice 
exhibits a phenomenon called superfluorescence. See p.535

Figure 1 | Perovskite-like superlattices of nanocrystals. Perovskite compounds have the general formula 
ABO3, in which A and B represent positively charged ions and the three oxygens are negatively charged oxide 
ions. a, Cherniukh et al.3 report that combinations of spherical, cubic and truncated cuboid nanocrystals 
can form ordered arrangements analogous to the lattice structure of ionic perovskites. The spherical 
nanocrystals occupy the A sites; the nanocubes adopt the oxide sites; and the truncated cuboid nanocrystals 
occupy the B sites. Only the unit cell (the smallest repeating unit) of the lattice is shown here. b, The authors 
report that superlattices also form without the truncated cuboid nanocrystals. The lattice can be cubic, 
analogous to that found in crystals of sodium chloride, or an ABO3 arrangement, depending on the relative 
sizes and fractions of the two types of nanocrystal and the orientation of the nanocubes.
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“It seems feasible  
that the family of 
superlattices will  
expand still further.”
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nanocubes will absorb or emit light in pro-
cesses associated with electronic transitions), 
leads to an unusual radiation phenomenon 
known as super fluorescence. In this effect, 
laser excitation of the nanocubes causes a 
spontaneous macro scopic optical polariza-
tion that results in an intense burst of light 
from the nanocubes. 

Superfluorescence has previously been 
observed in superlattices formed from CsPbBr3 
nanocubes alone8. However, the flexibility with 
which the periodicity, packing density and 
orientation of the highly fluorescent CsPbBr3 
nanocubes in Cherniukh and colleagues’ 
superlattices can be tailored opens up fresh 
avenues of research into this phenom enon. 
The superfluorescence pulses were as short 
as 22 picoseconds (1 ps is 10–12 seconds), which 
makes these superlattices attractive potential 
candidates for use as highly energy-efficient, 
ultrafast light emitters.

What is next for this field of research? It 
seems feasible that the family of superlattices 
will expand still further: Cherniukh et al. briefly 
report that they have also made binary super-
lattices that have a columnar structure, and 
others that have an arrangement analogous 
to the crystal structure of aluminium di  boride 
(which consists of sheets of boron atoms inter-
leaved by layers of aluminium atoms). 

The findings could also aid the development 
of applications for superfluorescence — which 
has been observed in a wide variety of atomic, 
molecular and nanoscale systems9, but has not 
yet been used in a device. The ability to custom-
ize the 3D structures of superlattices might 
provide a way to tailor superfluorescence 
at will, and thereby enable its use, for exam-
ple, as a quantum light source. This, in turn, 
might require further efforts to improve the 
3D ordering of superlattices, and to increase 
the size of the materials that can be made in 
which the ordering is strictly maintained. 
Research might also be needed to stabilize 
the ordered structure when superlattices are 
incorporated into a device, probably by using 
linker molecules between the nanocrystals. 

In the meantime, the new findings open 
the way for researchers to try out many com-
binations of nanocrystals that have various 
attributes — such as emissive, magnetic or 
insulating properties — as building blocks 
for superlattices. This could result in materi-
als with multiple functionalities, all of which 
could be controlled by the spatial arrangement 
and distance between the nanocrystals.
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Mitochondria, the organelles that enable 
our cells to generate energy, are thought 
to have evolved from formerly free-living, 
oxygen-dependent microorganisms1. How-
ever, oxygen-dependent energy production 
using an organelle enclosed by lipid mem-
branes comes at a cost. Such respiration 
often generates reactive oxygen species 
(ROS), which can damage cellular structures 
and compromise their function. For example, 
ROS react with membrane lipids in a process 
termed lipid peroxidation, and the resulting 
abnormal lipid peroxides ultimately trigger an 
iron-dependent form of regulated cell death 
called ferroptosis2. Cells use multiple protec-
tion and repair systems to combat the toxic 
effects of these modified membrane lipids. 
On page 586, Mao et al.3 report the discovery 
of a system that protects mitochondrial lipids 
from oxidative damage.

Mammalian cells rely on three main systems 
to repair lipid peroxides. The key proteins that 
underpin the three systems are, respectively, 
GPX4, FSP1 and DHFR2,4–6. Each of these anti-
oxidant repair nodes also involves a metabo-
lite molecule that exists in chemically reduced 
and oxidized states. Among these, ubiquinone 
(also known as coenzyme Q10) is a lipid that 
has functions in both mitochondrial mem-
branes and the cell membrane. The reduced 
form of ubiquinone, termed ubiquinol, has 
anti oxidant properties and can repair lipid 
peroxides. 

Cells need to continuously replenish 
ubiquinol to retain this protective function 
for their membrane lipids. The enzyme 
FSP1 counter acts ferroptosis by generat-
ing ubiquinol from ubiquinone, but FSP1 
activity is restricted to the cell membrane4,5. 
This finding raised the question of whether 
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Ferroptosis is a type of cell death driven by oxidative damage 
to lipid membranes. The discovery that organelles called 
mitochondria have an antioxidant system that counteracts 
ferroptosis might lead to new anticancer therapies. See p.586 

Figure 1 | A system for repairing mitochondrial lipids. Energy-generating processes in mitochondria 
produce reactive oxygen species (ROS), which can damage the organelle’s membrane lipids through 
oxidation. This process forms toxic lipids, termed lipid peroxides, which can trigger a type of cell death 
called ferroptosis. Mao et al.3 report the identification of a system that protects mitochondrial organelles. 
The enzyme DHODH converts the molecule ubiquinone to ubiquinol, which helps to combat the effects of 
lipid peroxidation and protects cells from ferroptosis. 
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