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An in-situ characterization technique capable of imaging at both high spatial and temporal resolution
can provide a complete understanding of the mechanisms of catalytic processes by allowing analysis
of gas-solid interactions at ambient pressures and elevated temperatures prior to, during, and after a
reaction. The dynamic transmission electron microscope (DTEM) provides this ability to study
catalysis in-situ with nanometer spatial resolution and nanosecond time resolution [1,2], generating
several orders of magnitude increase in spatio-temporal resolution over conventional video frame
rates. The current DTEM uses electron pulses ~15 ns in duration for single-shot imaging of dynamic
processes, which minimizes electron-beam interactions during dynamic studies. The next-generation
DTEM, which is currently being installed, will be capable of us electron pulses that can provide
atomic-scale spatial resolution for imaging.

The use of the DTEM to study supported nanoscale metal particles and clusters is focusing on the
identification and control of active sites on catalyst nanoparticles, which are responsible for the
selectivity of chemical reactions and nucleation of nanostructures. Gaseous environments that cannot
be obtained in the electron microscope are achieved using in-sifu gas stages that incorporate a
windowed-cell design into the TEM holder. Gas stages have been designed and built for both the
DTEM and an aberration-corrected TEM. The stage for the aberration-corrected TEM uses a
continuous-wave laser built in to the holder for heating of the specimen while the DTEM uses a
pulsed laser for ultrafast laser heating. Reactions can be controlled by the gas partial pressure within
the stage to ensure that interactions occur on the desired timescale for imaging or diffraction. This
combination of in-situ DTEM and in-situ aberration-corrected TEM allows studies of catalytic
reactions across multiple spatial and time scales.

The results of initial oxidation/reduction experiments of thin-film specimens will be presented along
with preliminary results on catalyst nanoparticles and clusters. Figure 1 shows an example image of
a cluster of Co304 particles with the associated diffraction patterns, obtained in the DTEM gas stage.
There is an increase in diffuse scattering with gas pressure, as expected and evident from the
diffraction patterns, but minimal loss of resolution in the images. All aspects of the design,
implementation, and characterization of the in-situ gas stages within the DTEM platform will also be
discussed in this presentation [3].
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FIG. 1. a) Bright-field TEM image of a cluster of Co304 nanoparticles on a carbon support with b)
the associated diffraction pattern, obtained in the DTEM gas stage at a pressure of ~2 Torr. When
the pressure is increased to ~340 Torr, c) there is a minimal loss of resolution in the bright-field
image as a result of an increase in diffuse scattering, evident in d) the diffraction pattern.
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