2530 Microsc. Microanal. 25 (Suppl 2), 2019
doi:10.1017/S1431927619013382 © Microscopy Society of America 2019

Atomic-scale characterisation of catalyst nanoparticles in ionic liquids by atom
probe tomography

Tong Lit, Hayo Meyer* and Alfred Ludwig!

L Institute for Materials & Zentrum fiir Grenzflachendominierte Hochstleistungswerkstoffe (ZGH),
Ruhr-Universitat Bochum, UniversitatsstraRe 150, 44780 Bochum, Germany

* Corresponding author: tong.li@rub.de

Heterogeneous catalyst nanoparticles have proven remarkably successful in catalysing a wide range of
important processes, in fuel-cells, exhaust emission control and water electrolysers. The size, structure
and composition of the catalyst nanoparticles have a strong influence on the catalytic selectivity,
activity and stability. To optimise the performance of catalyst materials in these devices, researchers
urgently require the means for detailed characterisation to improve the understanding of relationships
between the synthesis, structure and performance. Although a range of powerful analytical methods,
including surface techniques, chemical spectroscopy and electron microscopy can provide a great deal
of valuable information, identifying three-dimensional location of individual atoms of the catalyst
nanoparticles remains a challenge. This knowledge will be required to produce the improved catalysts
needed for future energy- and materials-efficient technologies.

Atom probe tomography (APT) offers a unique method for resolving chemical identities of individual
atoms, with near-atomic resolution, in three-dimensions [1]. Our previous work on the characterisation
of core-shell nanoparticles by APT [2] has demonstrated that this technique has an exciting potential to
improve the understanding of structure-synthesis-performance relationships. Despite success with these
studies [2, 3], the characterisation of catalyst nanoparticles by APT is still challenging due to difficulties
associated with specimen preparation that plays a crucial role in the success rate of the subsequent APT
experiments and data quality. In the previous studies [2, 3], an electrophoresis method was applied to
draw the nanoparticles onto a blunt metal tip by electric-field. Here, we use a simple approach to deposit
the nanoparticles embedded in an ionic liquid on a pre-cut Si microtip post. The catalyst nanoparticles
(Mo) were prepared by inert sputter deposition into an ionic liquid ([Hdmim][(Tf)2N]) which can
prevent the agglomeration of the nanoparticles. The Mo nanoparticle suspension is firstly heated up to
80°C at which the ionic liquid transforms to a liquid state as the melting point of [Hdmim][(Tf)2N] is
49°C [4]. A drop of the pre-heated ionic liquid is placed on the Si microtip post in which a cavity with a
size 150 nm in diameter and 500 nm in depth was created by focused ion beam (FIB), as shown in Fig
la-b. After the deposition, the nanoparticle suspension in the Si microtip post turns to a solid state at
room temperature. The preliminary data in Figure 1c shows that the Mo nanoparticles with a size of 1-2
nm are present in the ionic liquid. These preliminary results provide evidence of the feasibility of the
new approach to characterise catalyst nanoparticles by APT [5].
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Figure 1. a) schematic diagram, b) SEM image showing the nanoparticle suspension (in solid state)
covers the Si microtip post, and c) APT reconstruction revealing that Mo nanoparticles (red) are present
in the ionic liquid (green).
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