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Modern environmental transmission electron microscopes (ETEMs) [1, 2] can
be equipped with aberration correctors and monochromators, in order to provide
improved spatial resolution and spectral sensitivity during dynamic studies of chemical
reactions and growth processes. We have recently installed an FEI Titan 80-300 ETEM
with an objective lens aberration corrector, a monochromator and a differential pumping
system. The first pumping stage is created by drilling holes through the objective lens,
as shown schematically in Fig. 1. Seven different gases (H2, He, CH4, N2, CO, O2 and
Ar) are connected permanently and can be introduced into the microscope column at
pressures of up to ~1500 Pa. Additional gases can be connected when required.
The surface structures of catalytic materials and the energy barriers for
chemical reactions are highly dependent on the surrounding atmosphere [3]. Figure 2
shows a high-resolution lattice image of Au particles on BN recorded in the presence of
320 Pa of O2. Figure 3 shows a selection of images taken from an in situ study of the
sintering of Au on BN in 130 Pa of H2 at 400°C. Two sintering mechanisms have been
proposed, based on either migration of particles over the support and coalescence when
they are in close proximity or Ostwald ripening, which involves mass transport from
smaller to larger particles by the diffusion of atoms or molecular species. Inspection of
Fig. 3 shows that particles 1 and 2 coalesce from a) to b). In b) and c), the same
phenomenon is observed for particle 3. From c) to f), particle 4 becomes smaller,
suggesting that here Ostwald ripening is taking place. The images highlight the fact that
both mechanisms can take place under the same conditions.
It is important to remember that the parameter space in an ETEM is much
larger than that in a conventional TEM. In addition to the usual microscope parameters,
gas pressure, gas composition and specimen temperature have to be optimized.
Gas-solid interactions are also influenced by the electron beam. All in situ TEM
experiments should therefore be verified by performing parallel experiments in the
absence of the electron beam, either in the TEM or outside the microscope.
The intensities of recorded images decrease with increasing gas pressure, the
more so for heavier gas molecules (Fig. 4). Scattering of primary electrons by gas
molecules also results in a loss of image resolution. Whereas these effects are not as
pronounced for lighter gases, they must be considered when analyzing images [4, 5].
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FIG. 1. Schematic diagram of a
differentially pumped TEM column.
FEG: field emission gun; IGP: ion
getter pump; TMP: turbo molecular
pump; RGA: residual gas analyzer; PC:
plasma cleaner; C1: first condenser
aperture; SA: selected area aperture.

FIG. 3. Frames taken from a sequence of bright-field
TEM images of Au particles on a BN support imaged
in 130 Pa of H2 at 410°C at the indicated times. The
images were recorded using a 300 keV primary
electron energy with CS set to below 5 !m. The
numbers refer to particles that undergo different
sintering mechanims. See text for details.

FIG. 2. High-resolution TEM image of
Au particles on a BN support imaged in
320 Pa of O2 at room temperature.

FIG. 4. Normalized image intensity in vacuum (with no
specimen present) plotted as a function of gas pressure
for Ar and O2. The electron energy is 300 keV.

