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Among the many contributions by Professor H. Hashimoto to the advancement of transmission electron
microscopy (TEM) were his works on high resolution imaging. He was one of the first researchers to show
the atomic arrangements in a close-packed metal (gold), including those at crystal defects [1]. Indeed,
using the imaging electron beam as a stimulus, he made continuous recordings of dislocation behavior at
the atomic level which were quite remarkable at the time [2]. Notable also in those days were Iijima’s and
Smith’s videos [3,4] of the rapid atomic rearrangements in small gold particles (which would be called
“nanoparticles” today). Our own research then concentrated on semiconductor systems and we were able
to record various defect reactions in cadmium telluride including dislocation glide and climb, and surface
atomic rearrangements [5,6].
While these papers demonstrated the capability of high resolution imaging to reveal phenomena at the
atomic scale, the use of beam stimulation clearly did not have the control and reproducibility to study
reactions as they would occur during materials processing, manufacturing or service. Accordingly, our
own work followed a different path whereby exact control of the means of stimulation for in situ
observations became central [7,8], resulting in a series of studies documenting and interpreting material
reactions at the atomic level under controlled conditions (e.g. [9-13]). For annealing experiments, we
combined quantitative measurements of reaction kinetics, including Arrhenius-type analyses, with the
direct observation of the atomic processes involved, in many cases checking the results against those of
equivalent bulk material.
It is possibly less well-known that Professor Hashimoto also demonstrated that solid-gas reactions could
be studied at the magnification and resolution afforded by TEM, albeit not at atomic resolution. Thus, his
papers [14,15] showing sub-10nm resolution up to pressures of 300 Torr have an important status in the
field of environmental TEM (ETEM), as described in a recent historical review of the field [16]. Of course,
ETEM has become much more sophisticated now, with the introduction of specially designed specimen
holders [17,18] or differentially pumped ETEM machines which can even achieve aberration-corrected
resolution [19]. Our own recent work on the dissipation of field-emitting carbon nanotubes in an oxygen
environment [20,21] is only one of many examples of solid-gas reactions which have been influenced by
Hashimoto’s early work.
Figure 1 shows a recent example of cross-section high resolution imaging to demonstrate the loss of
strontium iridate, a potential catalyst material, following electrochemical testing in a sulfuric acid
environment for six hours.
In summary, it can be said that Professor Hashimoto was a true pioneer of high resolution and in situ
electron microscopy and that his tenacity, skill and foresight have inspired numerous researchers globally
to attempt to follow in his footsteps [22].
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Figure 1. High resolution TEM images of (a) an as-deposited SrIrO3 thin film on a strontium titanate
(STO) substrate and (b) the same thin film after an electrochemical test, showing the loss of strontium
iridate in the electrochemical environment.
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