
1www.scienceinschool.org/article/2025/quantum-technologies-of-the-future-perovskites

The storage and analysis of huge amounts of data has be-
come central to many research fields, from healthcare to cli-
mate to economics, especially when it comes to predicting 
the behaviour of complex systems. Quantum computing (see 
Quantum computing: is quantum mechanics the next com-
puting superpower?) could be the next step in the evolution 
of information technology systems, with new materials re-
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quired to handle and store massive data sets. No matter how 
you look at it, the development of large, high-performance 
data-storage systems is a central challenge for the future of 
information technologies. 

It is thus necessary to investigate new materials and new 
states of matter that have the potential to provide solutions 
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for data storage, data transmission, and quantum computers. 
This is the case for perovskites, which have been extensively 
investigated by scientists due to their rare magneto-elec-
tric properties. In this article we introduce perovskites and 
showcase recent breakthrough results regarding their unique 
properties.[1]

What are perovskites?
Originally, perovskite was the name of a mineral first found in 
the Ural Mountains in 1839 by Gustav Rose, and named after 
the Russian mineralogist Lev Perovski (1792–1856). It is made 
of calcium, titanium, and oxygen with the formula CaTiO3. To-
day, the term perovskite refers to all materials with the same 
crystal structure as that of CaTiO3: an ABO3 crystal structure 
in which A is a rare-earth metal, B is a transition metal, and O 
is oxygen. Perovskites may be also structured in layers, with 
the ABO3 structure separated by thin sheets of other materi-
als; these are called layered perovskites. 

Depending on the elements that are present, the structure 
of perovskites can change from cubic to more complicated 
shapes (i.e. from a highly symmetric form to a lower-sym-
metry one), and an impressive array of interesting and in-
triguing properties may arise. The tuneable structure and 
variable chemical composition of perovskites confer unique 
properties, making them potential candidates for many ap-
plications, from fuel cells to data-storage devices. One of 
these properties is multiferroic behaviour, which we will 
 introduce below.

Left: Perovskite (CaTiO3) crystals. Right: A typical perovskite 
 structure with the general chemical formula of ABO3; for the 
 original perovskite, A = calcium, B = titanium, O = oxygen anions. 
Images: Left: Rob Lavinsky/Wikipedia, CC BY-SA 3.0.  
Right: San Ping Jiang/Electrochem. Energy Rev. 

Tiny spiralling magnets
Magneto-electric multiferroics are materials that have spe-
cial electric and magnetic properties: they combine ferro-
electricity (characterized by a net electrical polarization) and 
magnetic properties (arising from the magnetic moments of 

their atoms, which in turn depend on the quantum states of 
electrons). In some multiferroics, the electric and magnetic 
properties are strongly linked to each other (scientists say 
they are ‘coupled’). A well-established case is spiral magnetic 
order: the magnetic moments of neighbouring atoms arrange 
themselves in a spiral pattern, which in turn is able to create 
electric dipoles. 

Schematic representation of possible magnetic moment arrange-
ments. They can be arranged in a collinear way (all aligned) or a 
spiral way (where they can point in different directions).
Image: Jiahao et al./Newton

Coupled magnetic and electric orders make it possible to act 
on magnetic properties using an electric field, and to act on 
electric properties using a magnetic field. Notably, using an 
electric field to act on the magnetic order – for example, to 
change the state of a bit in a data-storage device – consumes 
much less energy than doing it using a magnetic field, as in 
many present-day electronic devices. Moreover, such ma-
terials are usually less volatile (less perturbed by external 
magnetic fields), which increases memory stability. Coupled 
multiferroics are thus promising materials for new data-stor-
age devices.

Spiral multiferroic materials are rare. In fact, these prop-
erties only arise with very specific configurations, arrange-
ments, and orientations of the atoms in a crystal. In most 
multiferroic materials, this characteristic ordering only hap-
pens at very low temperatures, typically below 50 K (equiva-
lent to −223°C). Cooling to such low temperatures is generally 
achieved using cryogenic liquids, such as liquid nitrogen or 
helium, which are substances that are gases at room tem-
perature and pressure but liquids at extremely low tempera-
tures at which most material are solids. This is impractical 
for computing devices; you don’t want to have to submerge 
your computer in liquid nitrogen for it to work! Finding ma-
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terials that behave in this way at room temperature, or at 
least at temperatures that are easier to keep devices at, is an 
important research goal. 

Keeping ‘cool’ at higher temperatures 
The layered perovskite YBaCuFeO5 is a rare case of coupled 
magnetic and electric properties at room temperature and 
above and is thus promising for various applications. Y is the 
chemical symbol for yttrium, which you might not have come 
across before. Can you find it on the periodic table? Yttrium 
is a rare earth element (REE) and is not easy to obtain, but it 
does have a number of important uses, including in smart-
phones. The multiferroic behaviour of YBaCuFeO5 had been 
established in previous studies by different research teams 
up to 350 K (close to 77°C). However, the underlying magnet-
ic structure had not been unambiguously determined, which 
means that the origin of this interesting magneto-electric 
behaviour was not really understood.

Theorists suggested a mechanism (named ‘spiral order by 
disorder’) that could explain the fact that the presumed spi-
ral magnetic order was preserved at unexpectedly high tem-
peratures. However, there was no conclusive data to support 
the existence of spiral order in these materials; certainly not 
a good starting point for developing applications based on 
this material! The available results,[2] obtained with poly-
crystalline samples using powder neutron diffraction mea-
surements, were compatible with spiral order but also with 
other types of arrangements that would not give rise to fer-
roelectricity. A study to disentangle the different possibili-
ties was needed, and this was achieved recently by a team 
of researchers who used neutrons to explore the material in 
great detail.[1]

Structure of the YBaCuFeO5 crystal determined at 10 K. Red = oxy-
gen, green = barium, white = yttrium, blue = copper, orange = iron.
Image taken from Ref. [1]

Unveiling perovskite mysteries  
with neutrons
Neutrons, together with protons, form the nuclei of atoms. 
Neutrons have an electric charge of 0 and a spin of 1/2. 
Spin is an intrinsic property of particles, much like mass or 
charge. It is a form of angular momentum, which describes 
the properties of an object under rotation. Thanks to the 
spin, neutrons have a magnetic moment – they behave like 
tiny magnets. This property is exploited to probe matter in 
neutron-scattering experiments.

A diagram of a neutron (large green sphere) with magnetic field 
lines (grey circles) indicating its magnetic moment. Neutrons are 
made up of three quarks (small red and blue spheres), each of 
which has a charge and spin that contributes to the charge  
(neutral) and spin (black arrow) of the neutron.
© ILL

Alongside other tools for the characterization of matter, such 
as X-rays and nuclear magnetic resonance, neutron scattering 
makes an invaluable contribution to our understanding of ma-
terials and of processes occurring at different time and length 
scales. Neutrons have unique properties: they are tiny magnets 
(due to their spin and magnetic moment) that interact with the 
magnetic fields generated by unpaired electrons in materials. 
This makes neutron scattering a powerful probe of the mag-
netic behaviour of a material sample at the atomic level.

Schematic representation of the general principles of a neu-
tron-scattering experiment. The neutron beam first passes 
through various devices (rectangle) that tune its properties de-
pending on the goals of the experiment, e.g., by selecting neutrons 
with a specific energy or polarizing them. The neutron beam then 
hits the sample and detectors measure the direction, and possibly 
other properties, of the scattered neutrons, which provides infor-
mation on the properties of the sample.  
© ILL
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The experiments in this study were performed at 
the Institut Laue-Langevin (ILL) in Grenoble (France). 
The ILL is a European facility that provides the most 
intense neutron beams in the world to a unique set 
of over 40 neutron-scattering instruments. Scientists 
from all around the world come to the ILL to perform 
cutting-edge experiments in a variety of scientific and 
technological domains.

 
ILL instrument D9.  Left: The neutron beam comes in from 
the right (after passing a monochromator that selects 
neutrons of a specific energy), the sample holder is at the 
centre, and the detector on the left catches the neutrons 
scattered off the sample. Right: Specific equipment is 
mounted above the sample holder to perform measure-
ments as a function of temperature. 
© Laurent Thion/ILL

To distinguish between the different possible magnetic 
orders implied by previous results, it was necessary 
to use experimental techniques to pinpoint magnetic 
information much more precisely. Two strategies were 
essential to achieve this. The first was to replace poly-
crystalline powder samples with high-quality single 
crystals, in which long-range ordering is present and 
the orientation of the atoms and planes across the 
full sample is known. Neutron diffraction on powder 
(polycrystalline) samples allows for a fast, effective, 
and complete structure characterization of materials. 
Single-crystal diffraction requires larger (and hard-
to-produce) samples, but is more suitable when very 
detailed information is required. 

 www.ill.eu

The difference between polycrystalline (powder) 
and single-crystal samples.
Image courtesy of the author 

The second decisive strategy was the use of polarized neu-
trons, that is, with all spins aligned in the same direction. In 
polarized neutron scattering experiments, researchers know 
the original polarization state of the neutron beam imping-
ing the sample. They then observe the polarization of the 
neutrons scattered off the sample. After the neutrons inter-
act with the sample, the polarization changes direction. By 
comparing the two states, researchers can draw precise con-
clusions about the interaction of the neutrons with the sam-
ple, and thus study the magnetic properties of the material.  
By combining these two strategies and making detailed mea-
surement (several different ILL instruments were needed), 
the team was able to decipher the complex magnetic struc-
ture of the layered perovskite.

https://www.scienceinschool.org/article/2025/quantum-technologies-of-the-future-perovskites/
https://www.ill.eu/about-the-ill/ill-at-a-glance


5www.scienceinschool.org/article/2025/quantum-technologies-of-the-future-perovskites

Issue 73 – June 2025

An example of some of the data from the single-crystal neutron 
diffraction. The horizontal and vertical axes show the tempera-
ture and the position in the crystal, respectively, while the colours 
 represent the magnetic response as a heat map. From the shape 
of the magnetic readout, the scientists can tell whether the 
 material shows spiral order at the temperature shown.
Image taken from Ref. [1]

Their findings confirmed that the magnetic order in the 
YBaCuFeO5 crystal is spiral. In addition, they showed that the 
electric and magnetic properties are indeed linked. Impor-
tantly, these insights extend to perovskites in which similar 
ordering has been previously observed well above room 
temperature in powder samples. 

Such studies into the properties of materials and their ori-
gin at a fundamental level are key for developing materials 
with applications in next-generation information technol-
ogy devices. They also highlight the power of neutrons as 
the ideal probe for understanding magnetic properties at 
the nanoscale. 
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 ⦁ Discover the unique characteristics of neutrons and  
their various applications in different areas of research. 

 ⦁ Read about rare earth elements and their importance  
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 ⦁ Explore this simple introduction to yttrium
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infographic.
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 ⦁ Find out how magnetic ‘storms’ could help us achieve 
better, faster data storage: Chandran A (2023) Information 
revolution: how ultra-short bursts of light could help us 
improve data storage. Science in School 62.

 ⦁ Discover how some of the elements used in modern 
technology are scarce and finite resources: Furze J, 
Harrison T (2021) Elements in danger!.  
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 ⦁ Explore how different wavelengths of light can reveal 
hidden information in paintings: Giannakoudaki K, 
Chatzisavvas G (2025) Shedding light on a Picasso. 
Science in School 72.

 ⦁ Build a Gauss cannon to model linear acceleration 
and spallation: Lewis J, Michalak L (2024) Build a linear 
accelerator model. Science in School 67.

 ⦁ Learn how physicists study very small and very large 
objects: Akhobadze K (2021) Exploring the universe: from 
very small to very large. Science in School 55.

 ⦁ Try this role-playing activity to understand how research 
projects are funded and the importance of basic 
research: McHugh M (2022) What is it good for? Basic 
versus applied research. Science in School 55.

 ⦁ Get inspired by the science show Particle Detectives to 
bring fun and fascination to your classroom: Gregory 
M, Horvat AK (2024) Particle Detectives: boldly bringing 
particle physics outreach to new frontiers.  
Science in School 68.
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