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Bulk bismuth is a very unique semimetal with a rhombohedral structure and it has special properties
such as large Fermi wavelengths, strong diamagnetism, and very high magnetoresistance. It is well
known that the bulk Bi does not have a superconducting transition down to 50 mK at ambient pressure
[1]. However, the Bi nanoparticles (NPs) embedded in insulator matrix [2], Bi nanowires [3] and Bi/Ni
thin films [4] show a superconducting transition. For both the Bi nanoparticles and Bi/Ni layers, the
interface plays a very important role in the superconducting transition and it needs a more detailed
microstructural study at the atomic scale.

In this work Bi NPs have been prepared by pulsed laser deposition (PLD) and the microstructure has
been studied by means of JEOL 2100F high resolution transmission electron microscopy (HRTEM)
operating at 200kV under diffraction and phase contrast modes. The sample is a TEM grid with Bi NPs
deposited on top. One can see from Figure 1 that the diameter of the Bi NPs is smaller than 20 nm and
the size distribution is quite narrow. To our surprise, part of the Bi NPs is amorphous (as shown in
figure 2) and part of them is crystalline (as shown in figure 3). In fact, the particles arrange themselves,
as crystalline or amorphous, in different regions of the grid suggesting that surface energy component
plays a significant in the aggregation mechanisms. The amorphous Bi NPs do not exhibit a clear border
and the contrast (darker at the center) shows that they are spherical. In contrast, the border of the
crystalline Bi NPs is clearly defined, in general with faceting morphology to maximize lower energy
crystal orientations, as expected from Gibbs—Wulf construction. The lattice fringes of crystalline Bi NPs
in different orientations in relation to the electron beam can be observed from the image of Fig 3.
Moreover, the distance between the atomic columns of Bi atoms in Fig. 4 is measured as 0.33 nm and
this fits the lattice parameter of rhombohedral Bi very well.

The formation of amorphous and crystalline Bi NPs could be due to the PLD process parameters, which
generates a non-homogenous plume and the expansion of it can give a different temperature in different
regions, which may result in the formation of different Bi nanoparticles. The amorphous and crystalline
Bi nanoparticles are expected to generate different superconducting behavior. This subject of
fundamental and practical importance and is currently under investigation. [5]
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Figure 1. Low magnification image of Bi Figure 2. Amorphous Bi nanoparticles. Inset:

nanoparticles. Size distribution can be found Reduced FFT of the image.
from the inset.

Figure 3. Crystalline Bi nanoparticles. Inset: Figure 4. HRTEM image of an isolated bismuth
Reduced FFT of the image. particle. Inset: Reduced FFT of the nanoparticle
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