
When some materials are cooled, their elec-
trons flow without friction. This is a property 
known as superconductivity, which makes 
them lose their electrical resistance at ultralow 
temperatures. Superconductivity is particu-
larly promising for the development of quan-
tum devices, and the ability to switch between 
a superconductor and a normal metal adds an 
extra functionality to such devices —informa-
tion storage. On page 48, Jindal et al.1 report 
that the superconductivity of ultrathin sheets 
of the semimetallic compound molybdenum 
ditelluride (MoTe2) coexists with another 
property, called ferroelectricity, that can be 
used to switch the material’s superconductiv-
ity on and off.

In some crystals, the arrangement of atoms 
separates positive and negative charges in a 
way that generates a macroscopic electrical 
polarization. Materials in which the direction 

of this polarization can be switched by an 
external electric field are known as ferroelec-
trics. Superconductivity and ferro electricity 
are thought to be mutually exclusive, because 
the electrons in a superconductor pair up to 
conduct electricity extremely well, and this 
high conductivity should cancel the electrical 
polarization2. But Jindal et al. show that these 
properties can coexist in bilayer MoTe2 (Fig. 1). 

The authors do so by combining two pre-
vious discoveries. In 2018, it was shown that 
the electrical polarization of bilayer and 
trilayer tungsten ditelluride (WTe2) could 
be switched with an external electric field3. 
This ferro electric metal belongs to a broad 
group called van der Waals materials, which 
have layered crystal structures that can be 
thinned down to atomic thickness through 
mechanical exfoliation. It is this layered struc-
ture that enables the coexistence of metallic 
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Electric switch found 
for a superconductor
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Ferroelectricity has been found in a superconducting 
compound. Strong coupling between these two properties 
enables ferroelectric control of the superconductivity, which 
could prove useful for quantum devices. See p.48

Figure 1 | Switching superconductivity on and off. Jindal et al.1 show that two layers of molybdenum 
ditelluride (MoTe2) exhibit coexisting properties: superconductivity (in which electrical resistance is zero 
and electrons move without friction in pairs) and ferroelectricity (in which an external electric field can 
switch a material’s electrical polarization). In the authors’ MoTe2 device, an external field can be changed 
to switch the electrical polarization, turning the superconductor into a normal metal (in which electrons 
encounter friction) and back again.

How kangaroo rats avoid eating too much 
salt, and searching for trout

 
50 years ago
The harsh environment of the desert 
poses many problems, such as [that] of 
… obtaining enough food and water, to 
animals like the kangaroo rats … in the 
deserts of western North America. The 
possibility of obtaining food and water 
from such plants as can survive there is 
confounded by the fact that one of the 
adaptations shown by desert plants such 
as the saltbush (Atriplex) is to have a layer 
of salt-filled tissue at the surface of their 
leaves. This seems to help the salt–water 
balance of the plants but would make 
them dangerous eating for most animals 
because of the high concentration of salt. 
In one species of kangaroo rat, Dipodomys 
microps, this particular difficulty has been 
partially solved … G. J. Kenagy reports ... 
that this species has broad, chisel-shaped 
lower incisors … [that] enable it to strip 
off the salty outer layers of the leaves 
and obtain the inner portions … which 
are relatively salt-free. D. microps holds 
a saltbush leaf in its forefeet and draws 
it over its lower teeth about ten times, so 
shaving off the outer layers of one side. It 
then turns the leaf over and does the same 
thing to the other side.
From Nature 5 January 1973

150 years ago
Some months ago I inquired through 
the columns of the Field newspaper if any 
sportsman, fisherman, or naturalist would 
oblige me by replying to the following 
queries respecting the rarer Salmonidæ of 
Great Britain. Firstly, whether Salmo ferox 
(the great lake trout) had ever been taken in 
any lake in Wales, and, secondly, whether 
any of the Gwiniad tribe (Coregoni) … or 
any of the Chars (Salmo salvelinus) have 
ever been taken in any lake which is not 
a glacial lake … ? The only reply with 
respect to the first query … establish[ed] 
the fact that [Salmo ferox] still lingers in 
North Wales. To the second question I 
have received no reply. Is it possible that 
I may be more fortunate among the many 
naturalists and geologists who take Nature?
From Nature 2 January 1873
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and ferroelectric properties in WTe2. The ferro-
electricity results from the transfer of charge 
between separate layers, whereas the metallic 
behaviour arises from electron conduction 
within each layer. The electrical polarization 
is, therefore, not affected by the presence of 
conduction electrons that are confined to the 
layers. And because the metallic and ferro-
electric properties of WTe2 are coupled, the 
electrical resistance abruptly changes when 
the polarization is switched. 

The type of MoTe2 studied by Jindal et al. 
has the same crystal structure as the WTe2 
reported in 2018 and, as is often the case, sub-
stitution of one type of atom (W) with another 
(Mo) in the same group in the periodic table 
results in a material with similar properties. 
In this case, the MoTe2 also exhibits supercon-
ductivity when cooled to 0.1 kelvin (ref. 4). 
Members of the same research group as Jindal 
and colleagues reported that this transition 
temperature shifts up to 7 K when MoTe2 is 
prepared as a single layer of atoms, and up 
to 2 K when it exists as bilayers5. Together, 
these findings suggest that ultrathin MoTe2 
should exhibit coexisting ferroelectricity and 
superconductivity.

The authors showed that this is indeed 
the case by fabricating a device made from 
bilayer MoTe2, in which the charge-carrier 
density and external electric field can be 
independently tuned. When they applied the 
field, the resistance of the sample switched in a 
manner indicative of ferroelectric polarization 
switching. They simultaneously confirmed 
that the transition to a superconducting state 
occurred at around 2 K, making the material a 
ferroelectric superconductor. 

Jindal et al. then studied the resistance at low 
temperatures to investigate the interaction 
between ferroelectricity and superconductiv-
ity. Surprisingly, these properties are tightly 
coupled. When the polarization is switched 
by the external electric field, the material sud-
denly turns from a superconductor with zero 
resistance into a normal metal with non-zero 
resistance. Because of the way that the polar-
ization changes, the switching is non-volatile: 
the MoTe2 transforms from a superconduc-
tor into a normal metal on application of an 
electric field pulse, and stays in this state 
indefinitely until the next pulse is applied.

The authors then went one step further to 
investigate the nature of the superconductiv-
ity. The temperature at which a material tran-
sitions to superconductivity depends on its 
charge-carrier density, and the authors showed 
that this superconducting temperature reaches 
a maximum in MoTe2 at the point at which 
charge carriers that are negative (electrons) 
and positive (holes) coexist and have almost 
equal densities. This indicates that the super-
conductivity in this material has an unconven-
tional origin, meaning that it doesn’t conform 
to the standard theories of superconductivity. 

Further theoretical and experimental studies 
are required to reveal the origin of super-
conductivity, as well as the microscopic 
mechanism behind the coupling between 
superconductivity and ferroelectricity.

The existence of a ferroelectric supercon-
ductor was previously considered impossible, 
so Jindal and colleagues’ discovery will certainly 
stimulate future investigations of the physics of 
MoTe2, as well as its possible applications. For 
example, the material could be used to build 
reconfigurable superconducting devices that 
can switch between a magnetic sensor, a photon 
detector and a superconducting quantum bit 
(qubit) in a single substance. And because the 
authors’ material is a layered structure, it is also 
possible to take advantage of advances in the 
assembly of van der Waals materials6. 

Are there any other ferroelectric supercon-
ductors7? It might be possible to find them 
by applying the concept of artificial ferro-
electricity, in which non-ferroelectric van der 
Waals materials can be made to be ferroelectric 
by changing the stacking order8–10. Scientists 
working on stacked ultrathin materials have 
also come to realize that the extraordinary 
properties of these substances are even more 
exotic when the layers are twisted relative to 

each other11. It will be intriguing to learn how 
the ferroelectricity and superconductivity of 
MoTe2 (and the coupling between them) are 
affected by twisting its layers, or by stacking 
MoTe2 with other materials12. Such pursuits 
are just the starting point for the new line of 
superconductor and ferroelectrics research 
opened up by Jindal and colleagues’ discovery.
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Two of the greatest challenges that face society 
are finding a way to feed the world’s growing 
population and preventing environmental 
pollution1,2. Nitrogen fertilizers are needed to 
produce enough food for the planet’s 8 billion 
people, but it’s possible to have too much of a 
good thing — overuse of these fertilizers results 
in substantial quantities of nitrogen being 
released into the environment, polluting the 
air and water. On page 77, Gu et al.3 investigate 
this apparent conflict in nitrogen-fertilizer 
use, and find that the adoption of advanced 
nitrogen-management practices could allow 
more food to be produced than is produced 
today, but with less nitrogen pollution. More-
over, the societal benefits of mitigating nitro-
gen pollution from agriculture far exceed the 
costs associated with implementing these 
practices. 

Globally, only around 40% of the nitrogen 
fertilizers applied to agricultural land is taken 
up by crops (the nitrogen use efficiency, NUE, 
is 40%)4. By contrast, about half is lost to the 
environment through the gaseous emission 
of nitrogen compounds and the leaching and 
runoff of dissolved nitrogen compounds to 
water bodies4,5, reducing air and water qual-
ity and damaging human health. To make 
matters worse, the use of nitrogen fertilizers 
has increased continuously during the past 
few decades, yet the yields of staple crops in 
24–39% of the world’s agricultural land have 
not risen accordingly6. This indicates that envi-
ronmental nitrogen pollution associated with 
fertilizer use is increasing. Agronomists are 
therefore endeavouring to find a ‘win–win’ 
strategy to produce more crops with less 
nitrogen pollution.

Biogeochemistry 

How to feed the world with 
less nitrogen pollution 
Longlong Xia & Xiaoyuan Yan

An analysis of more than 1,500 field observations has 
identified a collection of agricultural practices that can 
improve the use of nitrogen fertilizers — boosting crop yields 
while reducing environmental pollution. See p.77
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