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The molecule of about 2 nm in size is kept stable between two metal electrodes for 
several days. (Figure: Christian Grupe/KIT) 

A team of physicists has succeeded in performing an extraor-
dinary experiment: They demonstrated how magnetism that 
generally manifests itself by a force between two magnetized 
objects acts within a single molecule. This discovery is of high 
significance to fundamental research and provides scientists 
with a new tool to better understand magnetism as an elemen-
tary phenomenon of physics. The researchers published their 
results in the latest issue of Nature Nanotechnology (doi: 
10.1038/nnano.2013.133). 

The smallest unit of a magnet is the magnetic moment of a single 
atom or ion. If two of these magnetic moments are coupled, two 
options result: Either the magnetic moments add up to a stronger 
moment or they compensate each other and magnetism disappears. 
From the quantum physics point of view, this is referred to as a tri-
plet or singlet. A team of researchers around Professor Mario Ruben 
from Karlsruhe Institute of Technology and Professor Heiko B. We-
ber from the Friedrich-Alexander-Universität Erlangen-Nürnberg now 
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wanted to find out whether the magnetism of a pair of magnetic 
moments can be measured electrically in a single molecule.  

For this purpose, the team headed by Mario Ruben used a custom-
ized molecule of two cobalt ions for the experiment. At Erlangen, 
Heiko B. Weber and his team studied the molecule in a so-called 
single-molecule junction. This means that two metal electrodes are 
arranged very closely to each other, such that the molecule of about 
2 nm in length is kept stable between these electrodes for many 
days, while current through the junction can be measured. This ex-
perimental setup was then exposed to various, down to very deep, 
temperatures.  

The scientists found that magnetism can be measured in this way. 
The magnetic state in the molecule became visible as Kondo anom-
aly. This is an effect that makes electric resistance shrink towards 
deep temperatures. It occurs only when magnetism is active and, 
hence, may be used as evidence. At the same time, the researchers 
succeeded in switching this Kondo effect on and off via the applied 
voltage. A precise theoretical analysis by the group of Assistant 
Professor Karin Fink from Karlsruhe Institute of Technology deter-
mines the various complex quantum states of the cobalt ion pair in 
more detail. Hence, the researchers succeeded in reproducing ele-
mentary physics in a single molecule. 

Switching of a coupled spin pair in a single-molecule junction, Stefan 
Wagner et al., Nature Nanotechnology (2013), doi: 
10.1038/nnano.2013.133.     

Karlsruhe Institute of Technology (KIT) is a public corporation 
according to the legislation of the state of Baden-Württemberg. 
It fulfills the mission of a university and the mission of a na-
tional research center of the Helmholtz Association. Research 
activities focus on energy, the natural and built environment as 
well as on society and technology and cover the whole range 
extending from fundamental aspects to application. With about 
9000 employees, including nearly 6000 staff members in the 
science and education sector, and 24000 students, KIT is one 
of the biggest research and education institutions in Europe. 
Work of KIT is based on the knowledge triangle of research, 
teaching, and innovation. 

This press release is available on the internet at www.kit.edu. 
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7414. The photo may be used in the context given above exclusively. 
 


