
 
 MAX-PLANCK-INSTITUT FÜR  

CHEMISCHE ENERGIEKONVERSION 

Stiftstrasse 34-36 
D-45470 Mülheim an der Ruhr 

Tel.: 0208-306-3681 
Fax: 0208-306-3956 

Christin.Ernst@cec.mpg.de 
www.cec.mpg.de 

 

 

MPI für Chemische Energiekonversion • PF 10 13 65 • D-45413 Mülheim a. d. Ruhr 

 
 
 

 

 

 
Press release 
 
Towards a new design paradigm for high-performance catalysts 
 
Mark Greiner and Travis Jones from the Max-Planck Institute for Chemical Energy 
Conversion and the Fritz-Haber Institute, along with a team of international researchers, 
have recently made a discovery that could transform the way chemicals are 
synthesized. 
 
The chemical industry relies on high-performance catalysts to produce the chemicals 
used by society – such as fuels, plastics and medicines. Some chemicals cannot be 
efficiently produced because the needed catalysts have not yet been discovered. A 
great deal of contemporary research is aimed at designing novel catalysts to fulfill these 
roles.  
 
Recently reported in the journal Nature Chemistry, Greiner, Jones and Co. discovered a 
phenomenon that occurs in metal alloys that could yield a new design paradigm for 
high-performance catalysts. The team of researchers found that when adding a very 
small amount of one metal to another, the minority element’s properties can change 
drastically, altering how it interacts with molecules. This finding is of particular interest to 
chemical industry, where the efficiency of chemical production often depends on how 
molecules interact with metal catalysts.  
 
The team found that a dilute mixture of copper in silver results in certain properties that 
resemble free isolated atoms. Nature uses isolated metal atoms in biological catalysts 
called enzymes. These finely tuned catalysts are known for their unparalleled catalytic 
efficiency. However, industrial catalysts have yet to capitalize on this phenomenon 
because they require much harsher conditions than biological systems can tolerate. 
Industrial catalysis must instead rely on less efficient inorganic materials in the form of 
macroscopic particles. By taking advantage of the properties of isolated atoms, there is 
the potential that catalytic efficiencies of industrial catalysts could rival biological 
systems. 
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Jones and Greiner made use of the recently developed concept of “single-atom alloys–
alloys” in which the minority element forms no bonds to other minority element atoms. 
Using such materials, they showed experimentally that certain single-atom alloys exhibit 
properties that resemble isolated ions. With theoretical calculations, they showed that a 
number of metal combinations should also give rise to this behavior, representing a 
class of hitherto unexplored class of materials whose catalytic properties can be tuned. 
These findings could open up a new paradigm for designing novel high-performance 
catalysts. 
 
The importance of this study was also recently highlighted in the “News & Views” 
section of Nature Chemistry by Christian Papp: Catalysis at the limit Nature Chemistry 
(2018). 10, 995-996 https://doi.org/10.1038/s41557-018-0143-3 
 
More about this highlighted research can be found in the original publication:  
Greiner, M.T., Jones, T.E., Beeg, S., Zwiener, L., Scherzer, M., Girgsdies, F., Piccinin, 
S., Armbrüster, Knop-Gericke, A., Schlögl, R. (2018). Free-atom-like d states in single-
atom alloy catalysts, Nature Chemistry, 10, 1008-1015. https://doi.org/10.1038/s41557-
018-0125-5 
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(left) An illustration of an isolated-atom alloy, (middle) A valence electron 
spectrum of isolated-atom alloy, demonstrating its unique properties, (right) An 
illustration of the interaction between a molecule and alloy. © Nature Chemistry. 
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