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Simultaneous Determination of Surface Free Energy and Sticking Probability of
Nanoparticles Formed under Highly Supersaturated Environments and
Importance of Microgravity Experiments
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Abstract

The gas evaporation method, which is a typical smoke experiment, has a history of almost half century. Nevertheless,
there has been almost no report concerning nucleation in a smoke in view of crystal growth. Here, we observed a
nucleation process of thermally evaporated manganese vapor in an argon gas using a Mach-Zehnder type interferometer
and showed that nanoparticles homogeneously condense only in very highly supersaturated environments. Condensation
occurred at 660-785 K well below the equilibrium temperature and the degree of supersaturation was as high as ~5x104.
Based on the condensation temperature and size of the condensed particles, which were measured by transmission electron
microscopy, we determined the surface free energy and sticking coefficient for nucleation of Mn at 1106 + 50 K to be 1.57 +
0.35 J/m? and 0.421342, respectively, by means of a semi-phenomenological (SP) nucleation theory. The large errors in
these two parameters will be decreased by microgravity experiments.
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A photograph of the Nanoparticles generator indicated by dotted circle and a Mach-Zehnder-type
The evaporation source indicated in a box on the dust generator has been prepared
Red and green arrows show the optical path.
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Fig. 2. Typical interferograms taken along the

longer axis of the v-shaped tungsten plate
with source temperatures of (A) room
temperature, (B) 1965 K, and (C) 2058 K
in argon at 2.0 X 104 Pa. The tungsten
plate was 0.1 mm thick and 50 mm long
and was oriented parallel to the optical
path. Interferogram (C) suggests that

nucleation occurred homogeneously
around the evaporation source.
Nucleated smoke particles flowed

upwards as a result of the convection
current generated in the ambient gas.
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Fig. 4 The surface free energy o against the
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The vertical arrows show the temperature regions for the stable crystal structure of Mn.

Time

Formation process of nanoparticles formation from supersaturated Mn vapor. The solid line shows the
The broken horizontal lines show the temperatures at which events

Mn has

two other allotropes, y and 5. The y-form exists at temperatures between 1368 K and 1407 K and the 8-form

exists between 1407 K and the melting point.
the particles collected after our experiments.
which is far below the melting point.
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No evidence for the existence of these phases was found in
Crystallization of Mn also occurs somewhere below 1100 K,
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