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ABSTRACT

The fast mass growth of solid and hollow nanowhiskers of MoOs; and WO; is obtained
owing to the heating of the nanoscale powders of these materials by means of electron beam.
Based on our transmission electron microscopic observation the growth mechanism of the
MoO; and WO3 nanowhiskers is proposed.

INTRODUCTION

Nanosize materials, because of their unique physical-chemical properties, have gained
more importance in modern investigations [1, 2]. One of the most significant problems is to
study the influence of external impact, in particular of electron irradiation, on the nanosize
materials. In this connection it is necessary to mention the crystallization of amorphous
materials [3], the growth of the whiskers of diamond in the chamber of electron microscope
[41, the formation of the carbon onions by the electron irradiation [5-10]. The aim of this work
is to obtain the MoOs and WOs solid and hollow nanowhiskers growth under the electron
irradiation in the chamber of the electron microscope, as well as the study of the dynamic
processes in these nanowhiskers under the influence of the electron irradiation.

EXPERIMENTAL

The investigations were carried out on the transmission electron microscope (TEM)
TESLA BS 500 at accelerating voltage of 90k V. To prepare specimens, 1-2 drops of MoO; or
WO; powders suspension in hexane were drifted on the copper grid with carbon coat. For the
investigation, both ordinary and treated by vibrationally excited molecules of hydrogen [11-
13] the MoO; and WO; powders were used.

RESULTS AND DISCUSSION

The transmission electron microscopic investigation showed that nanosize MoOs and
WO; powders are the agglomerates of the nanoparticles (size of agglomerates is 0.4-16 pum).
If the intensity of electron beam is low, the agglomerates of the MoO; and WOj3 nanoparticles
remain stable. During the intense irradiation of the MoO; and WO; nanoparticles
agglomerates, irrespective of their method of obtaining, we observed a fast mass formation of
nanowhiskers of those materials (Fig.1). As seen from this micrograph, the nanowhiskers of
WO; can grow separately with an arbitrary orientation as well as with formation of closely
packed blocks of nanowhiskers with the same crystalline orientation. Minimal width of MoO;
and WOs nanowhiskers is 8 nm, and the maximal length is | pm. Besides common, i.e. solid
nanowhiskers, we also observed MoQOj3; and WOs3 hollow nanowhiskers. The nanowhiskers of
MoQ; are shown in Fig. 2. The hollow nanowhiskers are indicated by arrows. The analysis of
the electron diffraction patterns shows that in both cases they are growing in the direction of
[001]. Such coincidence of the growth directions of MoO3 and WO3 nanowhiskers is caused
by the well known proximity of their crystalline structure [14].
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Fig. 1. Closely packed blocks of the same crystalline oricntation nanowhiskers of WOs.

We know three inorganic materials which form low-dimensional tube-type crystals:
carbon nanotubes [15], graphite polyhedral crystals [16], cylindrical crystals of serpantine
[17], hollow whiskers of aluminium borates [18]. The results of the present work allows to
confirm that the nanosize powders of MoO; and WO3 also refer to the above-mentioned list of
materials.

As the growth of MoOs and WO; nanowhiskers passes instantaneously, it is very
difficult to follow this process. The TEM investigations show that the nanowhiskers are
formed on those parts where a lot of nanoparticles had been. It is seen from Fig. 3. that on the
parts with a great number of long nanowhiskers, before their formation there was also a great
surface density of nanoparticles. As seen from Fig. 3, by reducing the nanoparticles density
(along the border of the carbon coat and on the carbon coat itself) the number and the length
of the formed nanowhiskers are also reduced. Our observation revealed that when there are
few nanoparticles, the nanowhiskers are not formed. Nanowhiskers can grow on the carbon
coat as well as can grow aside where a carbon coat is missing. which is distinctly seen in
Fig. 3.

Fig. 2. The solid and hollow nanowhiskers of MoOa.
512



Fig. 3. Dependence of WO; nanowhiskers number
and length on surface density of nanoparticles.

During the further continuous (~1min) and more intense electron irradiation, a reverse
process takes place — the MoOs; and WO; nanowhiskers are gradually destroyed. This
destruction passes slower, than the growth of the nanowhiskers was, that allows us to have
corresponding micrographs. The WO; nanowhiskers on the carbon coat are shown in Fig. 4.
The nanowhiskers are in the early stage of destruction under the influence of the electron
irradiation. In Fig. 5, the WO; nanowhiskers are already in a later stage of destruction. Inside
the destroyed nanowhiskers separate nanoparticles obtained by the split and destruction of the
initial nanowhiskers under the influence of electron irradiation are distinctly seen. The
microdiffraction pattern, obtained from destroyed the MoOs and WO; nanowhiskers indicates
its polycrystalline structure, in the case, that before the destruction the nanowhiskers had been
single-crystalline. During the further irradiation with more intense electron beam
nanowhiskers are finally destroyed and folded into clew.

Fig. 4. The WO; nanowhiskers in the early stage of destruction.
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Fig. 5. The WO3 nanowhiskers in the later stage of destruction.

Based on our TEM investigations, we can proposc the following mechanism of the
growth of MoQOs; and WOs; nanowhiskers. In the first stage it is nccessary to have individual
(isolated from each other) nanoparticles, which are as a crystalline nuclei for the growth of the
nanowhiskers. Next, under the influence of the electron beam by heating [19] the molecules
of the MoOs; and WO; from those nanoparticles are generated. As a result of a thermal
movement and surface diffusion the uninterrupted migration of MoO; and WO; molecules on
the carbon coat or on the agglomerate takes place. The diffused molecules interacting with a
crystalline nuclei with [001] orientation, which corresponds to the maximal rate of the growth,
form MoO3 and WO; nanowhiskers. If the MoO; and WO; nanowhiskers grow on the borders
where the carbon coat is broken or on the edges of agglomerates in aside where carbon coat is
absent, diffusion of the molecules takes place on the surface of the already formed part of the
nanowhiskers. Taking into account the high rate of the surface diffusion of the molecules, in
our casc generated by hecating during the electron irradiation of isolated from each other
nanoparticles, the almost instantancous growth of the MoOs and WO; nanowhiskers becomes
clear. This growth is stopped when the quantity of the individual nanoparticles is reduced.
When hollow nanowhiskers are formed, it is evident that the initial crystalline nucleus has a
circle-likc form which is caused by the topology of a part where the given nucleus was
formed. As arcsult, the same process as at the growth of solid nanowhiskers a further growth
of hollow nanowhiskers takes place.

CONCLUSION

At the presence of MoO; and WO; nanoparticles of definite density, irrespective of the
method of their obtaining, under the influence of an intense electron irradiation owing to
heating, solid and hollow MoO; and WO; nanowhiskers are grown. The formation of the
hollow nanowhiskers testifies the surface nature of their growth.
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