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In Situ Observation of Pt Icosahedral Nanoparticles Transformation into FCC
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Significant progress has been made in spatial resolution using environmental transmission electron
microscopes (ETEM), which now enables atomic resolution visualization of structural transformation
under variable temperature and gas environments close to materials’ real operational conditions (for a
review, see ref [1]). Here we report the observation of transformation of Pt icosahedral nanoparticles
into FCC single crystals upon heating in oxygen, at 0.11 nm spatial resolution and 2.5 ms time
resolution.

Icosahedral nanoparticles have attracted special interest in nanoscience and technology because of their
unusual atomic packing and noncrystallographic symmetry. They are predicted to be unstable compared
to the bulk FCC structure at large sizes. Recently, uniformly large icosahedral nanoparticles of 20 to 36
nm have been successfully synthesized through careful control of growth kinetics and demonstrate
outstanding chemical activities for fuel cell catalysis [2,3]. However, experimental evidences suggest
that those icosahedral structure is unstable when exposed to oxygen at elevated temperatures. To
investigate this and to address the critical question of transformation between the metastable MTPs and
stable FCC structure, we carried out an in-situ study using an environmental TEM with fast electron
imaging capability.

Experiments were carried out on Hitachi H-9500 ETEM with a LaBe emitter, operated at 300 kV. The
instrument provides direct gas injection into sample chamber as well as gas injection through a specially
designed sample holder. The samples are heated using a W filament by passing current. The direct
electron detection camera (model K2-1S) made by Gatan (Pleasanton, CA) is used for video recording,
providing improved time resolution of 2.5 ms (milliseconds) for full frame or 0.625 ms for % frames.

Figure 1 shows a cluster of Pt icosahedral nanoparticles before and after phase transformation, upon
heating in oxygen at elevated temperatures. In Figure 1a, recorded at the beginning of the experiment,
all nanoparticles were faceted showing their characteristic hexagonal shapes. The icosahedral structure
is evidenced by the diffraction pattern in Figure 1e obtained from the particle in Figure 1d. After the
transformation, the particles showed rounded shapes as well as evidences of coalescence. The diffraction
pattern recorded from the particles indicates that they are FCC crystal of the same orientation. Unlike
these previous reports showing that small MTPs do not transform into the same structure, due to the
small energy difference among different configurations, we observed that all the IC NPs transform into a
single FCC crystal. Details of the experiment and results will be provided to bring better understanding
of the mechanisms.
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Figure 1. Transformation of a group of Pt IC NPs to FCC crystal as demonstrated by electron images
recorded (a) before and (b) after the transformation. The IC NPs were oriented approximately as
illustrated in (c). The IC structure is evidenced by electron diffraction (e) recorded from (d), the particle
selected in (a) by the red arrow. (f) is an electron diffraction pattern recorded from the transformed NPs
using a probe indicated by the circle in b).
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