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Three-Dimensional Characterization of Catalyst
Nanoparticles

Catalysts will forever be a part of modern technology. They are crucial to
industrial chemical processes, are fundamental to low-emission cars and will
be essential for energy production inside next generation fuel cells. In a
cooperative between Helmholtz Zentrum Berlin (HZB) and the Federal
Institute for Materials Research and Testing (BAM), scientists have produced
the first three-dimensional representations of ruthenium catalyst particles only
two nanometres in diameter using electron tomography. Employing new
processing algorithms, the scientists were then able to analyze and assess the
chemically active, free surfaces of the particles. This detailed particle study
provides insights into the action of catalysts that will play a key role in the
fuel cell-powered cars of the future. The results are published in the Journal
of the American Chemical Society (JACS).

To gain a fuller understanding of the action of catalyst particles and to
enhance them accordingly, it is extremely important to know their three-
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dimensional shape and structure. The problem is these particles are typically .35 5¥

only around two nanometres in size, some ten thousand times smaller than the ™

thickness of a human hair. As part of his doctoral work, HZB physicist Roman
Grothausmann, together with colleagues from HZB and BAM, has managed
to analyze in three dimensions special catalyst nanoparticles developed at
HZB for use in polymer electrolyte membrane (PEM) fuel cells in cars and
busses. The scientists employed a special technique called electron
tomography. This technique is similar to computer tomography (CT), as used
in medicine, with the difference that the nanoparticles are scanned at much
higher resolution. Grothausmann took many individual electron micrographs
from different angles. Scientists from BAM then calculated 3D images in very
sharp detail using a novel mathematical reconstruction algorithm.

Inside a fuel cell, catalysis takes place on the surface of the catalyst material.
Since catalyst materials are often very expensive — platinum, for example —
the aim is to obtain as large a surface area on the tiny particles as possible.
Nanoparticles have an especially large surface area compared to their volume.
At the atomic scale, however, not all areas of the particle surface are equal:
Some parts of the surface allow a higher conversion rate of chemical to
electrical energy than other areas, depending on their specific properties.
Since the particles of a heterogenic catalyst do not float around freely but rest
on a substrate instead, only a portion of each catalyst nanoparticle’s surface is
available for catalysis. The reactive materials can only reach these uncovered
surfaces. Yet, the electrically conductive connection between the
nanoparticles and substrate is just as important for closing the circuit of the
fuel cell. Grothausmann and colleagues measured both the uncovered and
covered surfaces of a few thousand nanoparticles to determine the size and
shape distribution of the nanoparticles. It turns out many of the nanoparticles
deviate from spherical symmetry, which increases their surface to volume
ratio. Next, they analyzed the alignment of the nanoparticles to the local

Depiction of catalyst nanoparticles:
The particles (coloured) adhere to a
substrate (grey). They are imaged by
electron tomography. For imaging, the
data are processed using novel
algorithms.
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surface of the substrate. Statistically, this shows how frequently the rough and particularly reactive surface
areas of the nanoparticles remain uncovered.

Electron tomography is a method for directly imaging 3D structures, and serves as a reference for better
understanding data obtained using other methods. The catalyst studied in this case accelerates the reduction
of oxygen to water in PEM fuel cells. Instead of the typically used and very expensive platinum, the more
affordable material ruthenium was used. This doctorate helps to understand these novel materials and how to
optimize them for use in the next generation of fuel cells.
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The Helmholtz-Zentrum Berlin fiir Materialien und Energie (HZB) operates and develops large scale facilities for research with
photons (synchrotron beams) and neutrons. The experimental facilities, some of which are unique, are used annually by more than
2,500 guest researchers from universities and other research organisations worldwide. Above all, HZB is known for the unique
sample environments that can be created (high magnetic fields, low temperatures). HZB conducts materials research on themes that
especially benefit from and are suited to large scale facilities. Research topics include magnetic materials and functional materials. In
the research focus area of solar energy, the development of thin film solar cells is a priority, whilst chemical fuels from sunlight are
also a vital research theme. HZB has approx.1,100 employees of whom some 800 work on the Lise-Meitner Campus in Wannsee and
300 on the Wilhelm-Conrad-Réntgen Campus in Adlershof.

HZB is a member of the Helmholtz Association of German Research Centres, the largest scientific organisation in Germany.
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