
transformation to the zinc blend form. However, it has been
shown that by bombarding a ZnS wurtzite nanobelt with an
electron beam in the TEM, it is possible to locally induce the
phase change from metastable wurtzite to the more stable zinc
blend structure.18

Because of the faceted surface, the growth directions are
very important to the properties of ZnS nanobelts. The close-
packed [0001] direction is the thermodynamically fastest
growth direction for the wurtzite structure. Most ZnS
nanobelts are grown with the [0001] growth orientation,
having (21̄1̄0) and (011̄0) as facets as the other sides of the
nanobelts. However, by changing the synthesis conditions,
the growth of typically slower planes can be increased. Li and
Wang. synthesized ZnS nanobelts with main growth directions
of [012 10], suppressing the [0001] growth direction in certain
nanobelts.25 Moore et al. have also synthesized belts with a
main growth direction along the [012 10] direction (Fig. 5).17

ZnS nanobelts have been demonstrated to have some unique
properties. Zapienet al. have shown that ZnS nanobelts form
excellent optical cavities and have lasing modes free of a PL
background even for a low pumping power density.7 This
leads to ZnS nanobelts being useful as room temperature
lasing devices. After doping with manganese using simple
thermal annealing, Li et al. showed that the intrinsic photo-
luminescence peak of the ZnS nanobelts and a new peak at
585 nm gradually appear without a change in the wurtzite
crystal structure.26 In addition to showing a unique property
of ZnS nanobelts, this provides a pathway to simple doping of
nanostructures.

The mechanical properties of ZnS nanobelts have also been
studied. Through a nanoindentation study, Li has shown
that ZnS nanobelts decrease by 52% in elastic modulus but
increase by 79% in hardness when compared with bulk ZnS.51

In a similar study, Yang et al. have shown that the contact
stiffness in ZnS nanobelts is proportional to the indentation
load and there is no size effect on elastic deformation.52 Also,
it is possible to ‘‘cut’’ the nanobelts through indentation,
suggesting a possible path towards manipulation of the
structures.31,52

6.4 Polar surface dominated ZnS nanostructures

Because of the polarity of some of the low energy surfaces of
the wurtzite crystal, nanostructures that are dominated by
those surfaces can show some very unique characteristics. This
has been studied extensively for ZnO.58 Similar effects show up
in ZnS nanobelts.17

In essence there are two main cases where the polar surface
can have a large impact on the nanostructure morphology
(right-hand side in Fig. 4). The first is when the polar surface is
on the smaller face of the nanobelt (the side defined by the
thickness of the belt), as in the first picture. Because of the
polar surface and the different chemical reactivity of Zn and S,
this can result in asymmetric secondary growth off the
nanobelts. The second case is when the polar surface is on
the larger face of the nanobelts (the side defined by the width
of the belt). Here, because of the immense electrical potential
that must be compensated for, the entire morphology of the
nanobelt can be altered, as will be shown in section 6.6.

6.5 Asymmetric growth on ZnS nanostructures

Asymmetric growth on wurtzite ZnS was reported as so-called
nanosaws (Fig. 7a,b).17,18 The nanosaws are interesting
in that they have a rectangular cross-section, like the
nanobelts. Whether comb- or saw-like, the nanosaws have a
secondary growth off one side and they show relatively no
secondary growth on the other side of the structure. This
asymmetric growth is directly due to the anisotropic nature of
the wurtzite crystal. The secondary growth occurs on the more
chemically active Zn-dominated face of the nanobelts, with
virtually no secondary growth on the less active S-dominated
face. In a single experimental run, the comb-like, saw-toothed
belts, and the regular belt structures were found in the same
growth temperature range.

The growth characteristics of these structures show some
real consistency. The extruding saw-teeth on the nanosaws
point along the [012 10] direction, and their large surfaces are
(21̄1̄0) (Fig. 7c). The saw teeth are defined by facets close to
(011̄3) and (01̄13). A common feature observed is that (0001)
stacking faults are usually present between the teeth and the
main nanobelt. On the comb-like structures, the fingers are
pointing along the [0001] direction. We know that the
Zn-terminated (0001) surface is catalytically active and can
induce secondary growth, while the sulfur terminated (0001¯)
surface is relatively inert.17 Therefore, side branches in the
form of saw and comb teeth grow out of the Zn-terminated
surface. Moreover, because of the relative inactivity of the
sulfur terminated surface, there is no secondary growth off
that surface. This is why the secondary growth appears only on
one side of the nanobelts.

The wurtzite structured ZnS is metastable in the bulk and it
may transform to the more stable zinc blend (sphalerite)
structure under certain circumstances. After the sample was
illuminated for about 10 min under 200 keV electrons, the
individual nanobelts showed a large increase in density of

Fig. 7 (a) SEM image of a ZnS nanocomb. Notice the teeth form
only on one side; (b) SEM image of a ZnS nanosaw; (c) TEM image of
a ZnS nanosaw with diffraction pattern (inset) showing that the side
planes are the polar (0001) surfaces, producing the sawlike structure.
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