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Preferential dissolution of a less noble metal from a matrix of two or more metals yields a
nanoporous, bicontinuous network. A common example is nanoporous gold (NPG), a material
showing promise for use as a catalyst [1]. However, a substantial barrier to the wide scale
implementation of NPG is the lack of control of surface area instability due to poorly understood
coarsening mechanisms.

Coarsening of NPG was observed in previous studies at temperatures as low as 200 °C, which is
significantly lower than the melting point of gold [2]. These findings stimulated studies to suggest
Au surface diffusion was the dominant mechanism, at least at the onset of coarsening. Kinetic Monte
Carlo simulations predict (111) faceting in the later stages of growth, which drives coarsening to a
plateau [3]. One added complexity in the present work is the addition of 4% Pt to the precursor alloy
(77Ag-19Au- 4Pt, at %), proven by electrochemical characterization to impede coarsening due to
Pt pinning of Au adatoms during surface diffusion [4]. In this work, we explore the coarsening of a
thin NPG-Pt specimen using in situ transmission electron microscopy, with the goal of observing
the structural and chemical changes in the NPG occurring on the surface and through the thickness.
Using a Hitachi HF- 3300 environmental TEM/STEM, we carried out in situ heating studies of the
NPG, formed by dealloying AgAuPts, at 440 °C in vacuum. A Hitachi heating holder with Norcada
MEMs-based heating chip were used in this study. This ETEM is equipped with a secondary electron
detector, which can reveal topological features via secondary electron (SE) imaging, while
simultaneously capturing the thin NPG through its entire thickness (bulk) with transmitted electrons
through bright field (BF) and dark field (DF) imaging. The chemical change in the NPG was recorded
using a Bruker SDD EDS detector during in situ heating and post-heating experiments.

We observed Ostwald ripening during heating; where large pores grew larger at the expense of
smaller ones. While densification was not observed under 800 °C as in previous studies [2], it
was clearly observed as the surface area/volume ratio continued to decrease (Figure 1). After
about 94 mins of heating, it is clear from Figure 1 that the number of pores decreased
considerably with an increase in average size. The largest pores observed on the surface show clear
faceting and a decrease in curvature as shown in Figure 2 (b). Twin boundaries were resolved in areas
which underwent densification. EDX mapping showed no significant changes to the uniformity of
the elemental distribution after heating (Figure 2-a).

In this study, the main aspects of morphological change during heating were captured using
different characterization methods. Ostwald ripening slowed down considerably following the
formation of surface facets. Faceting and twin formation were observed in large pores and
densified areas respectively. Future work includes comparing this coarsening process with that for
other compositions and in different gaseous environments [5].
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Figure 2. EDX map after heating (a) and prevalent morphological features at 48 mins of heating: (b) SE
image showing faceting and (c) TEM image showing formed twin boundaries.
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