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ABSTRACT: The growth mechanism of hexagonal shaped ZnO nanorods, grown on Si (100) substrates by
hydrothermal method, is investigated. ZnO nanorods were fabricated at an optimized growth temperature of
~ 90°C. X-ray diffraction patterns reveal the formation of wurtzite structure. Structural properties were
investigated by field emission scanning electron and transmission electron microscopy. The differential
growth rate of above mentioned crystal faces leads to the formation of hexagonal nanorods. The room
temperature photoluminescence properties of ZnO nanorods have been studied. In photoluminescence
spectra the mechanism of ultraviolet (UV) and green emission of ZnO nanostructure is investigated.
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I. INTRODUCTION

Semiconductors ~ with  wide band gaps, i.e.
corresponding to photon energies in the blue and
ultraviolet regimes have great technological interests.
Band-gap tuning can be made by forming alloys of the
compounds, with band gaps spanning the range of
interest and new devices based on superlattices of such
compounds has been designed to fill particular
requirement of electronic and optical properties. For
instance, ZnO has found to be a suitable candidate for
device applications; like UV LEDs and UV lasers etc.
The optical properties of this material can be tuned
chemically by varying the composition and making
alloy with other materials. Also, strains developed in
the sample strongly affect the band gap and therefore it
is also a convenient tool for adjusting the electronic
structure of the system [1-3]. Currently, ZnO is a key
technological material. It is a very important compound
semiconductor with wide band-gap (3.2eV) and large
exciton binding energy (~ 60meV) at room temperature
[4]. It has been extensively investigated due to its wide
technological applications ranging from catalytic,
electrical, optoelectronic, photochemistry fields to the
room -temperature blue-ultraviolet laser region[4-7].
As a gas sensing material it is very sensitive to many
gases (CO, NH; etc) with satisfactory stability [8]. As a
material for dye-sensitized solar cells, ZnO exhibits an
improved performance [9]. In the form of a thin film
ZnO 1is a potential candidate for flat display screen
usage [10].

A recent report also reveals that ZnO is also a
promising material for using as an electrode in photo-
cells. It is also a very suitable material for UV light-
emitting diodes and room temperature UV lasers [11,
12]. In, addition ZnO can be made as transparent and
highly conductive, or piezoelectric components as well
[13]. Therefore, lots of studies with respect synthesis
and properties of ZnO nanostructures have been done to
meet demands of its potential applications. Till now
various physical process related methods such as
chemical vapor deposition, thermal evaporation, vapor

deposition, thermal decomposition, arc plasma
deposition, sputtering, molecular—beam-epitaxy;
chemical routes such as hydrothermal and

solvothermal, solid state reaction, sol-gel, precipitation,
template-based and solution-based processes have been
employed to produce ZnO-nanostructures. Well defined
nanostructures of ZnO with abundant morphologies
such as nanorods, nanobelts, nanotubes as well as other
unusual morphologies such as flower, snowflake, prism
etc have been developed. These can be realized by
simply varying different reaction parameters. It has
been observed that optical properties of various typical
morphologies show a morphology-dependent features
induced by the crystal quality due to morphology
variations. Such an abundant morphology world of ZnO
provide better understanding of crystal nucleation and
growth mechanism from various aspects and would
provide possible candidates for nanodevice construction
for various applications [7,17].
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The morphological and structural evolution of
hydrothermally deposited ZnO nanostructures on Si
substrate using low concentration aqueous solution of
Zinc chloride precursor is reported in this paper.
Uniform hexagonal shaped nanorods are found to be
formed at a certain temperature. The optical property of
the nanorods has  been  investigated by
photoluminescence spectroscopy.

II. EXPERIMENTAL

ZnO nanostructure was fabricated on Si substrates by a
hydrothermal decomposition method. The reaction
solution was prepared by adding 5 ml ammonia (25%)
into a 100 ml zinc chloride solution (ZnCl,, 0.1 M) to
maintain the pH value of 9.0. As-prepared solution was
poured into a bottle with autoclavable screw cap. The
substrate was placed vertically dipped into the reaction
solution inside the bottles. The closed bottles were kept
on a hot plate to undergo reaction at 90° C for duration
of 1 hour. Subsequently, the bottle was cooled down to
room temperature in about 2 hour. The sample was
taken out of the bottle as soon as they reach room
temperature. On completion of growth, the sample was
thoroughly rinsed with the ultrapure water to eliminate
residual salts and annealed in oxygen environment at
300C for 1 hour. The morphology of the ZnO was
examined using a field-emission scanning electron
microscope (FE-SEM, ZEISS). The grown nano-
structures were characterized by X-ray diffractometer
(Philips X-Pert MRD) using CuK, radiation of
wavelength 1.5418 A at grazing incidence mode.

III. RESULTS AND DISCUSSION

The morphologies of the grown nanostructure have
been examined using FESEM image. Growth is found
to be quite uniform all over the substrate. The
oppositely charged ions produce positively charged Zn-
(001) and negatively charged O-(001) surfaces, which
are atomically flat and stable and without
reconstruction [18]. The morphology and structure
depend on the time, temperature, and pH of the
solution. The dissolution and chemical reactions
involved in the formation of ZnO nanostructures are as
follows:

ZnCl, »Zn**+2CI” (D
NH; -H,O—NH,* +OH" .2
Zn**+NH; -H,0—~Zn(NH;),** +OH™ ~(3)

— ZnO+NH;+H,0 (4

During the first stage of the synthesis process, i.e., at a
temperature of 90° C, Zn(NH3)42+ reacts with OH™, to
form ZnO nuclei (the equilibrium in the Eq. (4) moves
to the right), which deposits on the substrate. Since
initially the concentration of Zn(NH3)42+ is high, the
growth of ZnO nuclei is dominant. Tapered nanorods
gradually grow from such nuclei, as shown in Fig. 1.
Most of the nanorods are highly oriented and densely
populated with homogeneous shape and size. Observed
nanorods correspond to the basal plane of the hexagonal
crystal structure. The diagonal length of the nanorod is
nearly 200 nm with length approximately 1 pm. The
tips of the nanorod are tapered or pyramidal shaped
with small surface area (shown in Fig. 1). Tapered or
hexagonal pyramidal shaped surfaces are observed on
top of the nanorod, as shown in Fig. 1. It is known from
the coordination structure of the oxide crystal that the
elements of the coordination polyhedron present at
different interfaces are different [19, 20]. So the growth
rate of various crystal faces is mainly determined by the
elements of the coordination polyhedron present at the
interface. The face of the nanorods are hexagonal
shaped. The growth habit of crystals is due to difference
of relative growth rates at various crystal faces. The
hexagonal nano-structure with six defined facets arose
to maintain the minimum surface energy as to keep the
symmetry of the crystal structure (wurtzite ZnO). The
velocities of crystal growth is found to be V. g9> =
V10> = Veoros which is different from maximum
crystal growth velocity (Ve1>) along c axis [16]. This
feature is attributed to the normal growth velocity being
greater than the velocity in the lateral direction to the
substrate. The growth rate is always greater along the c-
axis (in (002) direction) and crystalline orientation is
revealed by XRD patterns. Therefore the differential
growth rate of above mentioned crystal faces leads to
the formation of hexagonal nanorod, as shown in Fig. 1.
The XRD pattern of the ZnO nanostructures are shown
in Fig. 2, which proves that the nanorods have a
wurtzite structure. The entire diffraction peaks match
with the well indexed to the hexagonal phase ZnO
reported in JCPDS (card No. 36-1451 a=3.249 A,
¢=5.206 A). From the XRD pattern, it is clear that the
tendency of the growth of the nanostructures is in (002)
direction i.e. along c-axis though we cannot say that the
structure is single crystalline but composed of several
crystalline phases. Stoichiometric ZnO is an insulator
and contains large voids, which can easily
accommodate interstitial atoms. Consequently, it is
virtually impossible to prepare pure crystals. It also
tends to lose oxygen when heated to a very high
temperature [21].
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Fig. 1. FE-SEM micrographs of ZnO nanostructures.
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Fig. 2. Grazing incidence XRD pattern of ZnO nanorods.
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Fig. 3. Room temperature photoluminescence of ZnO nanorods.

For these reasons, ZnO exhibits n-type semiconducting
properties with inherent defects, such as the lack of O
and the excess of Zn. In this regard, the study of the PL
characteristics of ZnO is interesting because it can
provide valuable information on the quality and purity
of the materials. Photoluminescence (PL) is an
important property, which provides information on the
optically active defects and relaxation pathways of
excited states. PL study is useful to identify the origin
of sub-band-gap luminescence. Fig. 3 shows the room
temperature  photoluminescence spectra of ZnO
nanostructures. The ultraviolet emission at 3.31 eV of
ZnO is attributed to the excitonic one originating from
the recombination of free excitons [22], while the origin
of blue-green emission at 2.45 eV relates to the oxygen
vacancy (Vo). The blue-green emission results from the
recombination of a photo generated hole with the singly
charged oxygen vacancy or zinc interstitial [23].

IV. CONCLUSION

ZnO nanostructures of different morphologies were
fabricated at a relatively low temperature by a simple
hydrothermal method using a mixture of ammonia and
zinc chloride solution. The grazing angle XRD revealed
the formation of wurtzite structure ZnO. Optical
properties of nanorods have been studied in detail using
photoluminescence spectroscopy. PL spectra have
demonstrated that the emission due to defect energy

states is negligible in comparison with the near band
edge emission in the UV-region.
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