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NANOSTRUCTURES
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7ZnO is one of the materials that can be obtained in a variety of morphologies. Synthesis
substrates play an important role in affecting the characteristics of nanostructures. This work
explores the effect of the types of crucibles used for the annealing process on the morphology of
the ZnO. The ZnO nanostructures were synthesized by the sol-gel method. The ZnO precursors
obtained were annealed in different types of crucibles using identical conditions, at 300°C for 3
hours. ZnO nanostructures were examined under a Scanning Electron Microscope (SEM) for
morphological studies. Results showed that the morphology of ZnO nanorods obtained from the

MARA, 40450

quartz crucible forms uniformly shaped ZnO nanorods of average aspect ratio of 22.9. However,
the ZnO nanostructure obtained from the aluminium silicon oxide crucible were made up of an
average aspect ratio of 16.8. The different morphologies was attributed to the different surface
morphologies of the crucible surfaces as seen under a SEM. The surface of the quartz crucible
was much smoother than that of the aluminium silicon oxide crucible. The smoothness of the
substrates influenced the crystal growth of the ZnO nanorods whereby the rough and irregular
surface of the aluminium silicon oxide crucible truncated the growth of the ZnO rods, thus

producing a lower average aspect ratio.
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INTRODUCTION

In recent years, ZnO has been extensively
studied because of its many distinguished and
promising applications in electronics, optics and
photonics. For example, in piezoelectric and
wireless devices [1], optoelectronics [1-5], sensors
[6], solar cells [7] and others. This is largely due to
7ZnO exhibiting a direct band gap of 3.37 eV at
room temperature with large exciton energy of
60meV. These applications are due to the many
unique properties of ZnO which depend closely on
the microstructures of the material including crystal
sizes, aspect ratio as well as surface area and
morphology having a crucial role in many of these
applications.

Synthesis substrates affect the growth
morphology of ZnO nanostructures. This paper
reports the effect of two different types of crucibles
used in the annealing process; an aluminium silicon
oxide crucible and a quartz crucible. The structural
and morphological properties of the synthesized
ZnO nanopowder were characterized by X-Ray
Diffraction (XRD) and Scanning Electron
Microscope (SEM)

METHOD AND MATERIALS

Preparation of materials

7ZnO nanostructures were synthesized by
the sol-gel method. All chemicals used were
reagent grade of purity above 99% and used
directly without further treatment. Zinc acetate
hydrate (Fluka, 99.5% purity) was first stirred in
absolute alcohol (HmbG, 99.98% purity) to form a
cloudy mixture. Oxalic acid (Fluka, 99.5% purity,
IM solution) was added until the final white gel
has a pH of 4. The gel was slow dried and the white
precursor material was annealed in two different
types of crucibles at 300 °C for 3 hours.

Material characterization

The annealed samples were checked for
phase purity using the powder X-Ray
diffractometer, PANalytical X’pert Pro MPD. The
Bragg-Brentano optical configuration and CukK,
radiation were used in the measurement. Scanning
electron microscope (SEM), Jeol JSM- 7600 F was
used for the morphological and particle size studies
and the estimation of the aspect ratio of the
nanostructures.
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Fig. 1. XRD of (a) reference pattern pattern of ZnO (ICDD reference no: 01-089-7102),
(b) nano ZnO annealed in quartz crucible and (c) nano ZnO annealed in aluminium silicon oxide.

RESULTS AND DISCUSSION

Fig.1 shows the XRD patterns at room
temperature for the reference pattern of ZnO
(ICDD reference no: 01-089-7102) and the samples
annealed in a quartz crucible and an aluminium
silicon oxide crucible. The XRD patterns show
that the samples formed the wurtzite structure with
hexagonal crystal symmetry, and are phase pure
with no impurity peaks present. The relative
intensity of (002) peak is higher in for the ZnO
annealed in the quartz crucible than in the
aluminium silicon oxide crucible. In both samples
the relative intensities of the (002) peaks to the
(100) peaks are also higher than those in the
reference pattern. This implies that there is a
preferred orientation in the [002] direction. This
will be duly confirmed by SEM results.

The SEM micrographs for the surface of
the two types of crucibles; quartz and aluminium
silicon oxide in Figure 2 show the surface of the
quartz crucible is smoother than that of the

aluminium silicon oxide crucible. The surface of
the crucibles act as substrates and the growth of
ZnO nanostructures are affected by the micrograins
on the surface of the substrate [8-9]. It is found by
visual inspection that the quartz crucible has a very
smooth surface compared to the aluminium silicon
oxide crucible. On further investigation of the
surface morphology using field emission SEM
(Figure 2(a) and (b)), it can be seen that the surface
roughness in the aluminium silicon oxide crucible
is higher. This may have influenced the formation
of the seed crystals and results in bigger diameter
of the nanorods for the sample annealed in the
aluminium silicon oxide crucible. The surface of
the quartz crucible is very smooth and this may
have resulted in smaller seed crystals formed
during the heating process giving ZnO nano wires
with large aspect ratio.
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Fig. 3. SEM micrographs of ZnO nanorods annealed at 300 °C for 3h in (a) quartz crucible and (b)

aluminium silicon oxide crucible

Fig. 3 shows the micrographs of the ZnO samples;
(a) annealed in the quartz crucible and (b) in the
aluminium silicon oxide  crucible. The ZnO
nanorods in (a) consists of uniformly long and thin
structures whilst those in (b) a mixture of thick and
short structures. The former has an average aspect
ratio of 22.9 and the latter was found to have an
average aspect ratio of about 16.8. Thus the rough
and irregular surface of the aluminium silicon
oxide crucible may have truncated the growth of
7Zn0 nanorods into rods of different aspect ratios.

CONCLUSIONS

7ZnO annealed in different types of
crucibles yield different ZnO nanostructures. This
indicate that the surface of the crucibles act as the
synthesis substrate which affect the characteristics
of the nanostructures. The smoother quartz crucible
gave nanowires of quite high aspect ratio compared
to the aluminium silicon oxide crucible.
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