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Interface study of silver nano-particles using an image Cs-corrected TEM
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Imaging the interface and surface structure with atomic details is a dream of materials scientists.
Usually, this is the task of high-resolution TEM that could, in principle, provide atomic structure of
the studied sample if oriented in a crystallographic direction. However, delocalization effects due to
the lens aberration are harming the quality of atomic images of interface/surfaces because of the
cross talk between the single atomic columns. Hence a deeper understanding of atomic distance
relaxation effects, surface reconstruction, surface defects like terrace edge or kink atoms and
additional surface layers on nano-particles needs TEM with Cs-corrected optics.

The contrast delocalization depends on the spherical aberration Cg and the defocus Z of the objective
lens. It can be quantified by the radius of the point-spread function [1]:
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aberration function with A the wave length of the imaging electrons. In TEM equipped with an
image Cs-corrector (CETCOR from CEOS) [2,3] the contrast delocalization can be dramatically
reduced or even completely canceled when C, = 0 at Gaussian defocus. The phase shift introduced
by a weak phase object contributes to the contrast distribution if an additional phase shift is added in
the imaging process [4, 5]. At the same time the optics should transfer all spatial frequencies up to
the information limit of the TEM with a singlet phase contrast pass band. By choosing the optimal
spherical aberration and defocus the contrast delocalization is well below 0.1nm.

By using image Cs corrected TEM with Cs tuned to the optimal phase contrast pass band, the
surface structure of Ag nano-particles prepared by incipient wetness techniques (Ag-IW) and by
precipitation of silica gel (Ag-P) [6], respectively, has been studied on a Tecnai TF20 S-TWIN. The
high resolution images of a Ag-IW particle in Fig. 1 and 2 reveal clearly the Ag atomic termination
of the particle surface, while the Ag-P particle (Fig. 1, right) shows a disordered surface structure.
The difference in surface structure is the reason why the two catalysts show different performance in
the hydrogenation reaction of acrolein [7].

References

[1] H.Lichte, Ultramicroscopy 38 (1991) 13.

[2] H.Rose, Optik 85 (1990), 19.

[3] M.Haider et al., Nature 392 (1998), 768.

[4] M.Lentzen et al., Ultramicroscopy 92 (2002), 233.

[5] Jia et al., Microsc. Microanal. 10 (2004), 174.

[6] M.Bron et al., Z.Phys.Chem, 218 (2004), 405.

[7] M. Bron et al., Submitted to J. of Catalysis (2004).

[8] The work is part of the priority program 1091 of the German Research Foundation (DFG). D.S.
Su and R. Schlogl thank Peter Claus for providing the samples.

https://doi.org/10.1017/5143192760550638X Published online by Cambridge University Press


https://doi.org/10.1017/S143192760550638X

Microsc Microanal 11(Suppl 2), 2005 1551

Fig. 1 Cs- corrected HR-TEM i 1mage of aAg- -IW silver particle terminated by silver atoms (left) and
a Ag-P silver particle terminated by an disordered surface layer (right).

Fig. 2. Cs-corrected HR-TEM image of silver particle (Ag-IW). The termination with minimum
surface energy leads to the smooth atomic arrangement (upper part of the particle). Kink and edged
atoms (habitus planes) have to be accommodated to keep the overall morphology of the particle -
being spherical- to minimize the total surface energy.
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