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Hydrogen (H:) is the smallest chemical molecule and a beacon of hope for a more
environmentally friendly energy transition in the coming years. In addition, it is
already used in a variety of industrial processes - so-called hydrogenations - for
the environmentally friendly production of chemical products. For hydrogen to be
used both for energy production and in hydrogenations, it is necessary to
selectively activate the relatively stable hydrogen-hydrogen bond and allow it to
react further. These molecular processes require catalysts, which are usually based
on expensive and comparatively rare precious metals such as platinum, palladium
or rhodium.

In a research collaboration between the Leibniz Institute for Catalysis (LIKAT) in
Rostock, Germany and the Regional Centre of Advanced Technologies and Materials
(RCPTM) at Palacky University Olomouc in the Czech Republic, it has now been
possible to develop significantly simpler catalyst materials based on inexpensive iron
and silicon dioxide (sand), which can be used to carry out various hydrogenation
reactions, for the production of intermediates for pesticides, active pharmaceutical
ingredients as well as plastics, much more efficiently.

To this end, Vishwas Chandrashekhar, a doctoral student in the group of Prof. Matthias
Beller and Prof. Jagadeesh Rajenahally at LIKAT, has produced a large number of
nanostructured iron-based catalysts that only develop their actual activity in the
presence of cheap aluminum compounds. The activity of this “magic” combination
came as a real surprise. Czech scientists led by Prof. Radek Zboril at the renowned
RCPTM subsequently succeeded in systematically characterizing the novel materials
using state-of-the-art analytical techniques.

The optimal iron catalyst with the technical designation Fe/Fe-O@SiO:2 is a well-
defined nanostructured material that has a so-called fayalite structure at the interface
between silicon dioxide and iron. Fayalite is a rare, naturally occurring iron silicate
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mineral. Another special feature of the developed catalyst is a-Fe nanopatrticles at this
interface. These nanopatrticles are surrounded by an ultrathin amorphous iron(lll) oxide
layer, in other words "rust"”, which virtually grows out of the silica structure.

The scientists from Rostock and Olomouc believe that their work will have a significant
impact on global efforts to find low-cost hydrogenation catalysts, and that it will open
new doors for using iron-based nanostructured catalysts in other challenging
hydrogenations. Their paper has just been published in the journal NATURE
CATALYSIS.
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