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In-situ analysis of atomic and molecular dynamics by high speed and high
resolution measurement

Aso, Ryotaro

3,200,000

E-TEM

This study reports an in situ environmental transmission electron microscopy

technique that allows changes in the atomic dynamics of a metal surface in a strong electric field
to be visualized directly over time and under ambient conditions. In particular, the physical
changes resulting from the oxidation of a gold electrode by oxygen atoms were tracked as the
reaction progressed. We applied an electric field across a very small gap between gold electrodes,
which activated the oxygen gas molecules present in the atmosphere by extremely fast electron
tunneling. This in turn led to progressive changes at the surface of the gold electrodes--generally
thought of as inactive--that we were able to clearly capture in images. This is the first reported
direct visualization of progressive atomic changes of a metal surface in an electrostatic field
under ambient conditions and has been termed a tunneling-electron-attached-gas process.
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Fig. 2 In-situ measurement of tunneling barrier height of gold nanogaps in a vacuum.
(a) Tunneling current versus gap distance. (b) Estimated tunneling barrier height.
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Fig. 5 Anisotropic atomic surface dynamics in oxygen in the absence of electron irradiation.
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Fig. 6 Bridging an open gold nanogap in oxygen.
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(a-1) Time-lapse ETEM images. (j) Electric current.
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Fig. 7 Identification of a dynamic
nanoscale path.
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Fig. 8 Tunneling-electron-attached-gas process in gold nanogap electrodes.
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