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FIG. 3 The sketch diagram on the growth mechanism of
SiOx nanotubes.

of Si−O bond (185 kJ/mol) is far more than that of
Ga−O bond (59 kJ/mol) and Si−N bond (104 kJ/mol)
[13], it is expected that the reaction in liquid Ga would
be:
Si+O=SiO
Si+O2 =SiO2
SiOx from above reaction would gather continuously in
the outer layer in liquid Ga sphere and then precipitate after saturation. The first part that SiOx precipitates should be the bottom of Ga sphere, due to the
highest concentration of Si in the contact part of liquid Ga sphere and Si substrate, as shown in Fig.3(b).
It is possibly the non-equilibrium crystal growth which
would explain why the product is an amorphous solid
and not a crystalline solid. According to the interfacial
force of Ga and concentration gradient of SiOx in liquid
Ga, SiOx would grow upward from the bottom of Ga
droplet, forming a tubular structure with Ga being the
center. As presented in Fig.3(c), the external diameter
of this tubular structure is the bottom diameter of liquid Ga, while the inner diameter is the diameter of SiOx
that is not precipitated in the top of liquid Ga droplet.
With continuous dissolving of Si and O elements into
Ga droplet and the precipitation of amorphous SiOx ,
such nanotubes grow upward continuously until Si in
the substrate could not dissolved into liquid Ga anymore with temperature decreasing. It could be seen
from the growth mechanism that a concentration gradient of SiOx exists in liquid Ga. Therefore, no SiOx
would precipitate in the top of liquid Ga, where the
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concentration of SiOx is the lowest. That is why the inner tube is relatively thin in our products and also the
ratio between inner and outer diameter is far less than
that of ordinary nanotubes. However, the concentration
gradient of SiOx on Ga droplet is not sharp when the
Ga droplet is small enough. The concentration of SiOx
on the top of the small droplet is nearly the same with
that of other regions. Therefore, it is nanowire, instead
of nanotube, that is precipitated from relatively small
Ga droplet. Correspondingly, the diameter of those
nanowires is smaller than that of nanotubes, as we can
observe from TEM, which is only about 10 nm.
The optical properties of the silica nanotubes were
investigated at the room temperature. Figure 4 shows
the photoluminescence (PL) spectrum under excitation
at 260 nm. The PL spectrum consists of a main, intense peak at 453 nm (2.74 eV) with two shoulders
at 410 nm (3.03 eV) and 480 nm (2.58 eV) respectively. Nishikawa et al. [14] observed several luminescence bands in various types of high purity silica
glasses, with different peak energies ranging from 1.9
to 4.3 eV under 7.9 eV excitation. It was revealed
that the 2.74 eV band was ascribed to the neutral oxygen vacancy (≡Si−Si≡); while the 3.03 eV band corresponded to two-fold-coordinated silicon lone-pair centers (O−Si−O) [15]. As radioactive recombination centers, these structure defects were due to the oxygen deficiency of the SiOx sample. Therefore, it is reasonable
to believe that the blue emission from the SiOx nanotubes can be attributed to the above mentioned defect
centers.

FIG. 4 The PL spectrum of SiOx nanotubes.

IV. CONCLUSION

In summary, amorphous SiOx nanotubes are successfully fabricated by thermal evaporation method, with
liquid Ga as medium. The average diameter of nanotubes is 70-80 nm and the length is about 10-20 µm.
In particular, the wall thickness of silica nanotubes
is thicker than those reported previously. The room
temperature PL spectrum is carried out to study the
light emitting properties of the synthesized products.
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A strong and stable blue light emission with two shoulders was observed at 453, 480 and 410 nm respectively,
which may be related to various oxygen defects. The
growth mechanism mentioned in this work provides a
new way in fabricating SiOx nanotubes.
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