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Tuning the electronic and magnetic properties of 2D antimonene via doping with magnetic 
impurities 

Two-dimensional (2D) materials form a large family of systems that show unique properties distinct 
from their bulk counterparts. The range of novel properties is further extended in heterostructures 
combining different 2D materials, revealing a great potential for applications in electronics, 
optoelectronics, spintronics, quantum technology and more. Among known 2D materials, 
antimonene, a 2D honeycomb lattice composed of Sb atoms, has sparked a strong interest in the 
scientific community as it revealed a direct band gap, high mobility of charge carriers and resistance 
to ambient conditions [1]. Antimonene has been already successfully grown on several substrates, 
including topological insulators [2]. Recent theoretical predictions show the possibility of inducing 
ferromagnetic ordering in antimonene via doping with magnetic impurities, which makes it extremely 
appealing for designing novel quantum phases and applications in spintronics [3]. In this project, we 
propose to induce room temperature ferromagnetism in 2D antimonene grown on a variety of 
substrates, including topological insulators and superconductors, by substitutional doping or surface 
adsorption of 3d and 4f elements. We will also investigate the possibility of using antimonene as a 

suitable support for extending and controlling the 
spin lifetime of isolated adatoms. The use of 
topological insulators or superconductors as 
substrates will allow to investigate the interplay 
between the electronic properties of the substrate 
and the magnetic properties in antimonene. The 
project, conducted in collaboration with the EPFL, 
Switzerland, will capitalize on the strong and broad 
expertise of the partners, including growth of 2D 
materials, investigation of their electronic and 
magnetic properties, using ARPES and XMCD 
measurements, respectively, and performing first-
principles calculations on low-dimensional systems 
hosting magnetic and topological phases.  
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The use of Sb was also described by medieval alchemists in
the 15th century. The element intrigued the alchemists due to
its similar properties to those of gold and the fact that it cannot
be dissolved with aqua regia, hence being a good candidate for
its transmutation into gold.17 During the 16th century, Para-
celsus and his followers promoted the use of antimony and
other metals as drugs. This statement was in stark contrast with
the teachings of Galen (ca. 2nd century) who considered the use
of metals as poisonous.18 In this context, the period between ca.
1560 and 1660 was coined as the antimony war due to the
strong conflict between the Galenic medicine against the
medical practices of Paracelsus.

Even though the original discoverer of Sb remains unknown,
Nicolas Lémery, a French chemist, was the first one to scien-
tifically study both antimony and its compounds, publishing
his findings in 1707. Antimony compounds have been used for
centuries in the treatment of schistosomiasis and leishmania-
sis;19 however, one of the most recognisable aspects of anti-
mony is its toxicity,20 since it can even cause death by
intoxication and its symptoms are disguised as general gastric
disorders. The poisonous activity comes from its ability to be
attached to particular enzymes because of its high affinity to the
sulphur atoms of the enzyme’s active site. Regarding the
different species, one of the deadliest compounds of antimony
is the gas stibine (SbH3). Most antimony compounds such as
stibine or oxides (Sb2O3, Sb2O5, etc.) can be absorbed from the
respiratory tract due to the low particle size, therefore being
retained in the organism for longer periods than larger
particles.21

From the economic point of view and regarding the applica-
tions of antimony and its compounds, the element is a metal-
loid with an important impact. The actual annual production is
at around 185 000 tonnes per year, with 85% coming from
China. Additional producers can be found in countries like

Russia, South Africa or Bolivia, among others. The main ores
are in the form of stibnite and tetrahedrite, this one being a
copper antimony sulfosalt mineral with formula:
(Cu,Fe)12Sb4S13, which yields Sb as a by-product.17 Stibnite is
easily separated from other minerals due to its low melting
point of 546 1C. Afterwards, the roasting of stibnite produces
Sb2O3 or Sb2O4 which can be both reduced to elemental Sb with
coke. An alternative method to obtain Sb is to directly reduce
the stibnite with scrap iron, followed by a purification proce-
dure with sodium nitrate and sodium carbonate.22,23 Fig. 1
schematizes the production of elemental Sb from stibnite.

With respect to the main applications, antimony com-
pounds can be used in different fields such as flame retardants
(Sb2O3), catalysis (SbF5), pyrotechnical articles (Sb2S3 + H2S) or
in electronics (alloyed with Ga and As).17,24 Related to electronic
applications, Sb is mainly used in semiconductor devices such
as diodes and infrared detectors. Alloying with Pb or other
metals can enhance its hardness and strength. In this sense, a
wide variety of alloys are described with Na, K, Ag, Au, Mg, Zn or
Al, to name a few,25 leading to additional applications like cable
and bullet sheathing as well as its use in batteries in the form of
a Sb–Pb alloy.26

From the chemical point of view, Sb is considered a metal-
loid element, a member of the group 15 in the periodic table,
i.e., the family of pnictogens and with an electronic configu-
ration of [Kr] 4d10 5s2 5p3. Regarding the position of pnictogens
in the periodic table, it is not unusual to come across some
papers that refer to group VA instead of group 15. Here, we want
to point out the fact that this old nomenclature based on roman
numbers and capital letters A/B has been discarded by the
IUPAC since 1990.27 Therefore, the only correct labelling nowa-
days for the pnictogen group is 15. Sb can appear in two
different forms: while the metallic one is bright, slivery, hard
and brittle (and resembles Pb), the non-metallic one is a grey
powder. Furthermore, it poorly conducts both electricity and
temperature, whereas it shows good stability in dry air and is
not affected by dilute acids or alkalis. Additionally, upon cool-
ing, Sb and some of its alloys expand.28 The most common

Fig. 1 Schematic representation of the production of elemental antimony
from stibnite. Adapted from ref. 23 with permission from John Wiley &
Sons, copyright 2011.

Scheme 1 Summary of antimonene synthesis and applications. The
image above represents (top) the synthesis of antimonene from bulk
antimony or via the assembly of antimony atoms on a substrate and
(bottom) the applications of antimonene as a multifunctional material.
From left to right: optoelectronic devices, solar cells, catalysis, field-effect
transistors, energy storage, biomedical applications by binding molecules
of interest and destroying carcinogenic cells.
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Figure:	Summary	of	Antimonene	synthesis	and	applications.[1] 


