
 

The finest gold dust in the world
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SMT-Image of the iron-oxide surface - with gold atoms on top

(Phys.org) -- Scientists at the Vienna University of Technology found a
method to locate single gold atoms on a surface. This should pave the
way to better and cheaper catalysts.

Most people value large chunks of gold – but scientists at the Vienna
University of Technology are interested in gold at the smallest possible
scale, because single gold atoms are potentially the most reactive
catalysts for chemical reactions. However, when gold atoms are placed
on a surface they tend to ball up into tiny nuggets consisting of several
atoms. A team of surface scientists now managed to fix single gold
atoms on special sites of an iron-oxide surface. This could open the door
to more efficient catalysts, requiring less of the precious material.

Gold is a noble metal and does not usually bond with other elements, but
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as a catalyst it facilitates chemical reactions. It can, for example,
facilitate the conversion of poisonous carbon monoxide to carbon
dioxide. The effectiveness of gold as a catalyst depends on the size of
the gold particles. Some evidence suggests that it works best if the gold
is present in the form of single atoms. So far, however, this could not be
studied in detail. “If individual gold atoms are put on a surface, they
usually cluster up, forming nanoparticles”, says Gareth Parkinson, who
oversaw the experiments in the research group of Professor Ulrike
Diebold at the Institute for Applied Physics at the TU Vienna.

  
 

  

The ultra high vacuum system in which the experiments are done.

Higher temperatures lead to a higher mobility of the gold atoms, so in
order to stop the atoms from clustering, most surfaces must be cooled to
a temperature so low that the desired chemical reactions would stop
entirely. The researchers at the TU Vienna found a special kind of iron-
oxide surface, which locks the single gold atoms in place.

The key to success is a slight deformation of the iron-oxide crystal
structure. The oxygen atoms of the topmost layer are not aligned in
perfectly straight lines, they are bent into wiggles by the atoms below. At
the points where the lines of oxygen atoms are close to each other, the
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gold atoms attach permanently without losing grip. Even if the surface is
heated, the gold atoms stay put – only at 500 degrees celsius they start
forming clusters.

  
 

  

The oxygen atoms form wiggly lines on the surface, due to the atoms below
(indicated in color)

“When a gold atom hits the iron oxide surface, it diffuses to one of the
sites where it can be attached to the surface”, says Gareth Parkinson.
That way, many single gold atoms can be placed close to each other.
When a gold atom hits a position already occupied by another gold atom,
however, the two bond and start moving across the surface, picking up
additional gold atoms along the way. When they have reached a critical
size of at least five atoms, they become immobile again and the
miniature gold nugget comes to rest.

Ulrike Diebold expects that the new method will answer important open
questions about catalysis. “We have created an ideal model system for
probing the chemical reactivity of single atomic species”, says Diebold.
The recent experiments will also help to advance theoretical research:
the quantum mechanically complex bonding between single atoms and
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this particular surfaces provide an excellent test case for theoretical
calculations of highly correlated electron systems.

  More information: physics.aps.org/synopsis-for/1 …
ysRevLett.108.216103
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