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Electron microscopic observation of ultrafine bubbles using quick-freezing-replica technique.

JIIE— BRI (ATST), JIIEFFA s (ATST),

/NRF5 R (IDEC),  Hij FH B4 (IDEC),

5 J5— & (IDEC), & M {£25L (IDEC)

KAWASAKI Kazunori, KAWASAKI Takashi, NISHIHARA Tkkan, KOBAYASHI Hideaki, MAEDA Shigeo, FUJITA Toshihiro

Abstract Ultrafine bubbles of nitrogen in pure water were examined with quick-freezing-replica
electron microscopy. Water samples containing ultrafine bubbles were quick-frozen by a
metal-contact method using liquid helium, and were processed to make freeze-fracture replicas for
observation with transmission electron microscopy. Ultrafine bubbles were observed as small pits
about 10-100 nm on the fractured faces of frozen water. Shape of subpopulation of ultrafine
bubbles on ice grain boundaries was elliptical or triangular, suggesting deformation upon
exclusion from ice grains. Images of subpopulation of ultrafine bubbles in vitrified ice, on the
other hand, was circular. The results demonstrated that shape of ultrafine bubbles in water was

spherical.
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Fig. 1 Procedure for freeze-fracture

replicationof ultrafine bubbles.
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Fig. 2 Representative images of microbubbles observed by

quick-freezing-replica electron microscopy.
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Fig. 3 Representative images of ultrafine bubbles
on ice grain boundary observed by quick-freezing-replica
electron microscopy.
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Fig. 4 Representative images of ultrafine bubbles in vitrified
ice observed by quick-freezing-replica electron microscopy.
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