i+l

NRC Publications Archive
Archives des publications du CNRC

Quantitative characterization of surface defects and composition on
PtRu nanoparticles using aberration-corrected TEM/STEM
Chang, L. Y.; Lazar, S.; Baranova, E. A.; Bock, C.; Botton, G. A.

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut étre I'une des suivantes : la version prépublication de l'auteur, la version
acceptée du manuscrit ou la version de I'éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOI ci-dessous.

Publisher’s version / Version de I'éditeur:
https://doi.org/10.1017/S1431927609094744
Microscopy and Microanalysis, 15, S2, pp. 1416-1417, 2009-07-29

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=0f5aad51-3d5¢c-49e9-bf97-7b9c603ad6b0

https://publications-cnrc.canada.ca/fra/voir/objet/?id=0f5aad51-3d5c-49e9-bf97-7b9c603ad6b0

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’acces a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la

premiere page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

National Research  Conseil national de C dl*l
Council Canada recherches Canada ana, a



1416 Microsc Microanal 15(Suppl 2), 2009
doi: 10.1017/S1431927609094744 Copyright 2009 Microscopy Society of America

Quantitative Characterisation of Surface Defects and Composition on PtRu
Nanoparticles Using Aberration-Corrected TEM/STEM

L.Y. Chang]’z, S. Lazar'?, E. A. Baranova®, C. Bock® and G. A. Botton'

1 Canadian Centre for Electron Microscopy, Dept of Materials Science and Engineering, McMaster
University, Hamilton, ON, L8S 4L7, Canada.

2 Monash Centre for Electron Microscopy, Monash University, Vic 3800, Australia.

3 FEI Company, the Netherlands

4 Institute for Chemical Processes and Environmental Technology, National Research Council,
Montreal Road, Ottawa, ON, K1A OR6, Canada

The detailed structure and composition on the surfaces of nanoparticles play a crucial role on their
catalytic properties. Platinum based nanoparticles have been widely used as electrocatalysts for
polymer electrolyte membrane fuel cells and direct methanol fuel cells. The addition of secondary
metallic element has improved the efficiency and reduced the CO poisoning, according to the
bifunctional mechanism. Here, the bimetallic PtRu systems have been developed in order to tune the
efficiency of fuel cells [1]. These particles can be made using simple colloidal synthesis methods. The
size and overall composition can be varied easily and alloy vs. core-shell type particles can be made.
Several parameters are of particular importance for these systems. Firstly, the spatial distribution of Pt
and Ru surface sites affect the electronic structure and hence the catalytic properties of these
particles. Furthermore, defect structures on the surface can also play a key role, providing e.g., more
active nucleation sites for water adsorption, and potentially increase the stability of these catalysts.
Hence, there is an essential need to identify the precise surface structure and composition of these
catalysts that in turn provides input into synthesis and structure-activity correlation of these systems.

High-Resolution Electron Microscopy (HREM) is a powerful technique to study the morphology and
surfaces of nanoparticles [2]. Restoring the phase of the specimen exit wave function from a through
focal series [3] gives an aberration free, complex exit wave function. The improved signal to noise
ratio in the restored phase makes direct imaging of atoms on surfaces of nanoparticles possible [4-5].
On the other hand, high-angle annular dark field (HAADF) STEM gives Z contrast imaging with high
spatial resolution, making it suitable for measuring atomic column by column compositional
distribution of bimetallic nanoparticles.

Figure 1a shows the phase of a PtRu nanoparticle restored from a focal series acquired with a Titan
80-300 Cubed located at the Canadian Centre for Electron Microscopy. Figure 1b shows the excellent
match of the simulated phase based on the model that gives the best fit to the experimental phase. The
individual atomic column in the restored phase of this nanoparticle is well resolved, and their atomic
positions were measured using a least-square fitting procedure, allowing us to extract the information
of surface atom deviation. The intensity distribution of individual atomic column of the HAADF
STEM image of a PtRu nanoparticle, as shown in Figure 2(a), gives the information of composition
distribution of Pt and Ru. The large fluctuation of the intensity distributions, shown in Figure 2(b) can
only be attributed to the mixed Pt and Ru atomic columns in the particle. Comparisons of intensity
distribution profiles with those of pure Pt nanoparticles and the detailed multislice [6] simulations will
give carry out in order to extract quantitative composition information for the bimetallic
nanoparticles.
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FIG 1. (a) Phase of a PtRu nanoparticle exit wave function restored from a focal series
taken from the aberration-correced Titan 80-300 Cubed (b) Simulated phase from

an atomic model based on (a).
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FIG. 2. (a) HAADF STEM image of a PtRu nanoparticle. (b) linescans of
HAADF STEM intensities taken from the profiles shown in (a).



