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Computer made materials 
Physicists of the Max-Planck-Institut für Eisenforschung are able to 

predict the properties of structural and functional materials with hith-
erto unprecedented accuracy  

Point defects, for example missing atoms (so called vacancies) signifi-
cantly influence the performance and durability of modern materials. 
Even smallest defect concentrations of 1:100,000 can affect the prop-
erties of microelectronic devices like processors, solar cells and struc-
tural materials like steel.  

 
Matter is made out of atoms, which form in the case of crystalline ma-
terials a highly ordered lattice. However, the individual atoms do not 
sit motionless on their lattice sites, but vibrate with an extremely high 
frequency around their positions – scientists therefore speak about 
lattice vibrations. To analyse the concentration of defects in a material 
and draw conclusions about the materials behaviour, there were until 
now two possible strategies: Theoretical physicists calculated the en-
ergy of the lattice-defect formation, which is directly linked to the 
number of defects, but their methods were limited to the absolute zero 
point, i.e. to -273.15 °C. Experimentalists, on the other hand, meas-
ured defect concentrations at high temperatures (above 300 °C). In 
fact, there was always a large temperature range without available da-
ta. As a matter of fact, it is exactly this range around room tempera-
ture that is important for materials that are used in our everyday life. 
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Physicists in the department ‘Computational Materials Design’ at the 
Max-Planck-Institut für Eisenforschung (MPIE) now achieved a 
breakthrough in the development of computer simulations that are also 
able to describe this missing temperature range. “Established methods 
for the energetics of lattices were previously not able to include the 
complex interaction of different modes of lattice vibrations. Thanks to 
various methodical breakthroughs, we are now able to remove this 
shortcoming for all relevant temperatures. And we were surprized to 
see how significantly these temperature-dependent interactions influ-
ence the amount of defects in a material”, explains Albert Glensk, 
doctoral student at the MPIE. “Formerly predicted results for defects 
in crystalline materials have to be corrected now. Our calculations 
show that actual defect energies might easily be about 20% lower than 
previous estimates. More importantly, we are now for the first time 
able to close the gap between theory and experiment. All experimental 
data can be perfectly described with our theory”, concludes Glensk. 

 
With these new insights, scientists are able to calculate and predict 
precisely how many point defects a material has at a certain tempera-
ture and derive conclusions about the performance of a material. This 
serves as an additional corner stone for the optimization of basic mate-
rials on the computer and the prediction of their potential failures as 
well as strategies to avoid them in production processes.  

      

 
The picture shows the distribution of atoms next to a defect in a copper 
crystal at its melting point (1084° C). The green spots show the positions of 
the atoms at the absolute zero point. The dashed grey circle in the middle 
shows a lattice vacancy, a place where one atom is missing in the lattice. At 
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high temperatures the atoms vibrate around their lattice position, illustrated 
by the black cloud. 

The results of the Max Planck scientists show a significantly different dis-
tribution (orange clouds) by considering the interaction of lattice vibrations. 
The atoms vibrate closer to the vacancy with increasing temperatures. This 
leads to a change in energies and vacancies and thereby to a higher defect 
concentration.   
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The MPIE conducts research on structural metallic alloys and related mate-
rials. An essential target of the investigations is an improved understanding 
of the complex physical processes and chemical reactions of these materials. 
In addition, new high-performance materials with outstanding physical and 
mechanical properties are developed for use as high-tech structural and 
functional components. In this way, basic research is amalgamated with 
innovative developments relevant to applications and process technology. 
The MPIE is financed in equal proportions by the Max-Planck Society for 
the Advancement of Science and the Steel Institute VDEh. 

 


