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Molecular magnetism is 

currently an active topic at 

IFW. If you want to know more 

about how to work on it, 

search for these groups:



What it is about?

Molecular magnetism is a highly interdisciplinary research field linking Chemistry, 
Physics, and Biology. It deals with design, synthesis and physical characterization as 

well as the theoretical modeling of isolated molecules or assemblies of molecules that 
contain one or more magnetic centers.

❖ low-density

❖ transparency to electromagnetic radiation

❖ sensitivity to external stimuli ➢ Light
➢ Pressure
➢ Temperature
➢ Chemical modification
➢ Magnetic/electric field

molecular magnets ≠ traditional magnetic materials
The fundamental building 
block is the molecular unit 
and not the atomic unit!



And more

Molecular magnets allow us to go deeper into some exciting and unusual phenomena 
whose study can answer outstanding questions in fundamental quantum magnetism, 

condensed matter physics and quantum information science.

0D single-molecule magnets 

2D molecular layers

1D single-chain magnets

regarded as molecular nanomagnets due to slow relaxation and bistability
at low temperatures

3D coordination polymers showing the collective ordering of magnetic moments 

Molecular magnetism offers an exceptional collection of materials of 
various magnetic dimensionality



Research into molecule-based materials, both theoretical and experimental became 
more intense at the end of 20th century and has concentrated on:

low dimensional materials

motivated by their potential applicability 
in high-density magnetic storage or 

nanoscale devices 

strongly responding to change in external 
parameters, that may be used in sensors of a 

different type.

“functional” materials

Synthesis of new magnets!



How?

❖ low-density

❖ transparency to electromagnetic radiation

❖ solubility 

❖ chirality 

❖ optical properties 

❖ biocompatibility 

By combining magnetic properties to 
“organic” properties:

Better than conventional magnets
for specific applications!



Synthesis: the different approaches

http://www-llb.cea.fr/ecns2003/lectures/ressouche/ECNS2003_Ressouche_MolecularMagnetism.pdf



Molecular nanomagnets

chemically synthesized magnetic nanoparticles, each one containing a
fixed number of magnetic ions linked by various organic ligands!



Magnetism of small particles: going nano

Due to the particle magnetic anisotropy, the magnetic moment has 
usually only two stable orientations antiparallel to each other, 
separated by an energy barrier: the so called easy axis.

At finite temperature, there is a finite probability for the magnetization 
to flip and reverse its direction. The mean time between two flips is 
called the Néel relaxation time t and is given by:

t is the average time that it takes for the particle magnetization to randomly fit as a result of 
thermal fluctuations.

energy barrier U = KV K = anisotropy energy density

V = volume

pre-factor ≈ 10-9-10-11 s



➢ If T >> U/KB →magnetization can fluctuate readily

➢ If T << U/KB → fluctuations become blocked

M.A.G. Soler and L.G.Paterno in Nanostructures, Chapter 6: Magnetic 
Nanomaterials, p.147-186. Elsevier (2017)

J. Mohapatra, M. Xing and J. Ping Liu, Materials, 12(19), 3208 (2019)



Macroscopic quantum tunneling

Thermal activation is not the only way to cross the barrier: 
another possibility is quantum tunnelling.

But a macroscopic particle is by definition a 
system that is large enough to behave 
classically during most of the time it is being 
observed…(??)

➢ Yes, but we will deal with a “macro-spin”, which 
can coherently tunnel from one state to another

▪ Let`s start from the beginning: the spin Hamiltonian.

Isotropic Heisenberg 
exchange interaction

Symmetric tensor, 
describes crystal field 

at the ith magnetic 
ion 

g-tensor of the ith
magnetic ion 

To describe the 
single-ion anisotropy

Zeeman term

Let`s focus in the 
“giant spin” model



field-independent part

crystal field tensor 
for the giant spin S

axial symmetry D > 0

B = 0

At low temperatures 
(KBT << D) only the states 
with m=± S are accessible 

B ≠ 0

The levels with ± m are no 
longer degenerate 

with applied magnetic field

D > 0field applied in z-direction

Single Molecule Magnets (SMM)



B ≠ 0

resonant field

Tunneling 
“on”

Tunneling “off”

Single molecule magnets: history and modern trends, S.M. Aldoshin, Institute of Problems of Chemical Physics, RAS Chernogolovka, Moscow Region, Russia Southern Federal University



Some examples

Chem. Soc. Rev., 2012,41, 7464–7478

Mn 3+

Mn 4+

Trends in Chemistry 1(4), 425 (2019)



Quantum computation

Molecular magnets are promising candidates for encoding 
qubits, both in FM and AFM coupled clusters!

Single molecule magnets: history and modern trends, S.M. Aldoshin, Institute of Problems of Chemical Physics, RAS Chernogolovka, Moscow Region, Russia Southern Federal University



Quantum computation

A challenge in the design of a quantum computer is to achieve
the control over qubits (quantum bits) while preserving long
decoherence times.

This is quantified by the blocking temperature, which is the key
requirement when looking toward implementing SMMs into
devices!

High-performing SMMs vary greatly in their properties, large U
values do not guarantee they will retain their magnetization at
elevated temperatures or on the timescale required for
magnetic memory.



References and further work
➢ To have a large spin ground state is important in SMMs.

Thus, is the increasing of the number of metal ions the
answer? Why?

https://www.mdpi.com/journal/crystals/s
pecial issues/Molecular Magnets

Introduction to molecular magnetism, Dr. Joris van Slageren, 
Physikalisches Institut, Universität Stuttgart
http://obelix.physik.uni-bielefeld.de/~schnack/molmag/material/123.pdf



1. Go to IFW website
2. Click Institute for Solid State Research
3. Click For students
4. Click Magnetism on the nanoscale

The result is: 
https://www.ifw-dresden.de/ifw-institutes/iff/for-students/

How to find our magnetism on the nanoscale slides 
in the web?

Launch of new IFW website in January 2020 causes some problems, so 
Google searches do not directly guide to the current lecture site.

How to find it?


