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Main research themes and their characteristics

In-situ transmission electron microscopy of nanometer-sized materials

Mechanical and Electrical Properties of a Carbon Nanocapsule
A carbon nanocapsule (NC) was compressed by manipulation in a transmission electron microscope (TEM), and the
structural dynamics were observed in-situ with simultaneous measurement of the sub-nanonewton forces acting on the NC.
The NC completely dented under a load of 4.6 nN exerted by a nanomanipulator, and recovered to its original shape when
the nanomanipulator was retracted. The observations showed that the NC possesses a high toughness for compression.
Meanwhile, electrical properties of the NC were studied by in-situ TEM. Figures (a)-(c) show a time-sequential series of high-
resolution images of a NC junction sandwiching between two gold electrodes at a cycle of contact and separation. Figure 0 mdH P =08
(d) shows a current-voltage curve for the NC measured at the state observed in Fig. (c). The differential conductance of
the junction at bias voltages from 0 to 0.2 V corresponded to half of quantized conductance, i.e., 0.5 Go where Go=26"/h is - ! .
(a)-(c) Time-sequential series of high-resolution images
the conductance quantum, e is the electron charge, and h is Planck’s constant. The present study showed that the NC is  of aNC junction i the cycle of contact and separation.

. . ™ . N o The regions A and B are gold electrodes. (d) Current-
quantized metallic conductors and can be utilized for various components for carbon device technologies. voltagegcurve for the NC jugnction seenin (c)(. )
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Future prospects

Structural, electrical, mechanical, and optical properties of advanced nanometer-sized materials, including fullerene, carbon nanotube, graphene,
carbyne, and so on, are studied by in-situ TEM from the standpoint of materials science, solid state physics, and electron microscopy.




