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The ZnO nanorods were fabricated by hydrothermally on induced seed layers by various
concentrations of equi-molar of Zinc Nitrate Hexahydrate (Zn(NO;),.6H,0) and
hexamethylenetetramine (HMTA). The crystal structure, orientation and optical properties were
investigated by GIXRD and UV. Crystallite sizes and c/a ratio were calculated from Grazing
Incidence X-ray diffraction (GIXRD) patterns whose values are decreased with increasing
concentration. Optical properties were studied using UV — Visible Spectroscopy and strong
absorption peaks observed at the wave length 379.5nm for higher concentration. The Raman studies
are showed every E, (high) mode peak shifted to lower Raman frequencies compared with ZnO
single crystal. FESEM image results are seen, the prepared ZnO nanorod structure have best
crystalline nature of the material and all the films exhibited tensile stress, which can also confirmed
by GIXRD results.

Copyright © Jainulabdeen S ef al, 2018, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is

properly cited.
INTRODUCTION The preparation of ZnO thin films has been the subject of
) S o ] continuous research for a long time because the properties of
lec oxide is Wldely useq in different areas because of ?tS ZnO films depends upon the method of preparation and
unique  electrical,  optical, ~ electronic,  photocatalytic, practical application of ZnO can be modulated by varying its

dermatological and antibacterial properties [1-10]. For these
applications, the nano-particles need to be dispersed
homogeneously in the different matrices, and a number of new
synthetic strategies have been developed in order to prevent
particle agglomeration and increase the stability of zno nano
particles dispersions. One dimensional (1D) ZnO nanostructure
has following main advantages like, it is semi conductor, with
direct bandgap of 3.37 eV, and a large excitation binding
energy (60 meV) and higher melting point 1975°C [3]. It is an
important functional oxide, exhibiting excellent photo catalytic
activity. Since of its noncentral symmetry, ZnO exhibits
piezoelectric which is a property in building electrochemical
coupled sensors and transducers [5]. And also ZnO is useful for
the bio-safe and biocompatible in the field of biomedical
applications [9]. From the said characteristics ZnO is only one
of the nano material in future for current research and
applications.

*Corresponding author: Gopinathan C

morphology [11-13]. Many number of reports are published
ZnO structures such as nano wires, nanobelts, nanorods,
nanotubes, nanoflowers [14-23].

Many researchers have studied the growth mechanism and
modelled the hydrothermal growth of 1D ZnO structure [24-
28]. In the present paper we revealed the growth mechanism of
ZnO rod. The growth mechanism is systematically and
elaborately studied at various precursor concentrations at
constant deposition time. The structural investigation on the
rod itself made with GIXRD and Raman spectroscopy.

Experimental Work

The ZnO nanorods were deposited on Quartz substrate by two
step process such as preparation of seed layer by RF magnetron
sputtering and growth of ZnO nanorods by hydrothermal
technique. Before deposition, the quartz substrates were
cleaned with chromic acid, ultrasonic bath, distilled water and
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acetone processed by the following cleaning procedure to
remove the unwanted impurities normally present on the
surface of the quartz substrates when exposed to the
atmosphere.

From the beginning seed layer is prepared by RF Magnetron
Sputtering Unit. The sputtering procedure is commenced by

evacuating the chamber to 1X10-6 mbar. The substrate
temperature is fixed as 400°C using temperature controller. Ar
(99.999%), being a noble gas which does not react with either
the target or the substrate, is then introduced into the chamber
at a specified pressure. The r.f. supply is then switched on and
stabilized to the 200W power. The substrate to target distance
is fixed as 5.5 cm. The deposition last for 8 min and the
thickness obtained as 60 nm measured through quartz crystal
thickness monitor.

After the preparation of ZnO seed layer, ZnO nanorods are
grown on the seed layer by hydrothermal technique. In the
preparation of ZnO nanorods, Zinc Nitrate Hexahydrate
(Zn(NO3),.6H,0) and hexamethylenetetramine (HMTA) were
used as source compounds which are dissolved in de-ionized
water and the precursor solutions prepared with various
equimolar concentrations of Zinc Nitrate and HMTA such as
0.05M, 0.075M, 0.15M and 0.2M on constant stirring at room
temperature for 30 min. After continuous stirring the milky
white solution was obtained. Then prepared seed layer was
vertically immersed into the prepared solutions by placing seed
layer facing against wall of the beaker. The beaker with the
reactive solution was immersed into pre-heated water bath. The
deposition was carried at constant time at 2 hours. The
resulting films were homogeneous, well adhered to the
substrate with light white color. After deposition, the substrates
were rinsed in de-ionized water and dried at room temperature
for overnight.

Preparation of Seed Layer

The quartz substrate is deposited by ZnO nanorods by two step
process such as preparation of seed layer by RF magnetron
sputtering and growth of ZnO nanorods by hydrothermal
technique. prior to deposition, the quartz substrates were
cleaned with chromic acid, ultrasonic bath, distilled water and
acetone processed by the following cleaning procedure to
remove the unwanted impurities normally present on the
surface of the quartz substrates when exposed to the
atmosphere.

Initially seed layer is fabricated by RF Magnetron Sputtering
Unit. The sputtering procedure is commenced by evacuating

the chamber to 1)(10_6 mbar. The substrate temperature is fixed
as 400°C using temperature controller. Ar (99.999%), being a
noble gas which does not react with either the target or the
substrate, is then introduced into the chamber at a specified
pressure. The r.f. supply is then switched on and stabilized to
the 200W power. The substrate to target distance is fixed as 5.5
cm. The deposition last for 8§ min and the thickness obtained as
60 nm measured through quartz crystal thickness monitor.

Formation of ZnO Nanorods

After the preparation of ZnO seed layer, ZnO nanorods are
grown on the seed layer by hydrothermal technique. In the
preparation of ZnO nanorods, Zinc Nitrate Hexahydrate
(Zn(NO3),.6H,0) and hexamethylenetetramine (HMTA) were

used as source compounds which are dissolved in de-ionized
water and the precursor solutions prepared with various
equimolar concentrations of Zinc Nitrate and HMTA such as
0.05M, 0.075M, 0.15M and 0.2M on constant stirring at room
temperature for 30 min. After continuous stirring the milky
white solution was obtained. Then prepared seed layer was
vertically immersed into the prepared solutions by placing seed
layer facing against wall of the beaker. The beaker with the
reactive solution was immersed into pre-heated water bath. The
deposition was carried at constant time at 2 hours. The
resulting films were homogeneous, well adhered to the
substrate with light white color. After deposition, the substrates
were rinsed in de-ionized water and dried at room temperature
for overnight.

Characterization tools used

The structural properties of ZnO nanorods on seeded layer are
measured in Bruker D8 advance GIXRD using CuKa radiation
and Raman studies are carried out by Raman spectrometer of
Horiba Model: Xplora Plus. FESEM evidenced that grown film
as a rod structure ZnO. Both the crystalline and optical studies
are well explained about ZnO is grown as a rod structure.

RESULTS AND DISCUSSION
Structural Studies

The GIXRD patterns of ZnO nano structured thin films grown
in equimolar concentrations of Zinc Nitrate and HMTA such
as 0.05M, 0.075M, 0.15M and 0.2M equi-molar of Zinc Nitrate
Hexahydrate (Zn(NO;),.6H,0) and hexamethylenetetramine
(HMTA) is shown in Fig. 1.
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Fig 1 GIXRD pattern of ZnO nanorods

It can be seen from GIXRD data, that all the samples are
polycrystalline in nature and the crystallites are preferentially
oriented along (002) plane of c axis [29]. The datas are well
matched with the JCPDS card no.01-070-255 which exhibit
single phase ZnO hexagonal wurtzite structure with no other
secondary phase. ¢ axis (002) oriented [29] and matched with
the JCPDS card n0.01-070-255. In addition to the (002) peak,
other peaks such as (100), (101), (102), (110), (103), (112) and
(201) are observed. The ‘C’ axis orientation may be a common
phenomenon in ZnO film deposition by chemical process using
organo-zinc compounds. In hexagonal wurtzite ZnO, the top
and bottom of basal planes are corresponds to (0001) and
(0001) terminated with polar ions Zn®" and O*. Hence the
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positive and negative surfaces attracted the opposite ions and
then the layers stacked alternatively and forms nanorods grow
along ¢ axis. Since the side facets {0110} are non-polar in
nature and due to less surface energy the growth along the side
facets generally does not take place much [30].

From the peak position, the crystallite size of the nanorod
structured films are calculated from the Debye-Scherrer
formula [31],

D = 0.9%/BCosO (1)

Where D is the mean particle size, A = 0.15406 nm is the x-ray
wavelength, 0 is the Bragg diffraction angle and f is the full
width at half maximum (FWHM) of the diffraction peak,
respectively. Then the lattice constants a, b and ¢ values are
calculated form the following relation [31],

2 2 2
1 i(h + hk + k j+l_ o

2
C

d> 3

Where h,k,I are miller indices of respective plane and d is the
interplanar distance. The values of crystallite size, lattice
constants and c/a ratios are given in Table 1.

= 2
a

growth, the formation of bigger crystals is hindered by the
growth of individual crystallites from the nucleation sites and
therefore the size of the growing crystallite is reduced. Here it
is clearly observed and identified that the concentration of
precursor is influencing the size of the crystals in the growth.

It can be observed that dislocation density decreases with
increase of Zn concentration which showed that the Zn®"
concentration plays an important role in size.

Growth Mechanism

ZnO nanorod growth takes place on seeded substrate by
hydrothermal method. The precursors used in the hydrothermal
process are In hydrothermal growing process we used Zinc Nitrate
Hexahydrate (Zn(NO;),.6H,0) and hexamethylenetetramine (HMTA)
chemicals. The mechanism of ZnO rod growth is reported by several
researchers [34, 35]. But all the reports are not exactly reveal
the role of HMTA [36]. The chemical equations for the
formation of ZnO rod in the hydrothermal method is as follows
[34, 37],

HMT + 6H,0 o 4NH; + 6HCHO )
NHs + H,0 & NH,* + OH~ (6)

Table 1 Structural Parameters and optical parameters of ZnO Nanorods calculated from XRD and Bandgap calculated from PL.

Crystallite Dislocation Lattice parameter
Sample Code & ysta i Density . . Bandgap
. Size 15 Strain c/a ratio
Molarity o x10 3 a b C (eV)
D(nm) . tx10
Lines/metre
F1& 0.05M 76.1417 0.2019 0.4803 3.2485 3.2485 5.2008 1.60099 3.1
F2&0.075M 57.4251 0.3607 0.6395 3.2481 3.2481 5.2044 1.60229 3.21
F3&0.15M 57.8489 0.4191 0.6812 3.2519 3.2519  5.2085 1.60168 3.32
F4&0.2M 42.8726 0.4780 0.8487 3.2539 3.2539  5.2098 1.60109 3.64
The lattice constant values are very closely matches with the ZIn?*t + 4NH; o [Zn(NH3),)*t (7
PDS card no. number 01-070-2551 of a=b=3.2490A° and ¢ = _
JC Sco d no. nu be.O .070. 5510 .b 3.2490 dc In2* 4+ 20H- & Zn(OH), ®)
5.2070A". The crystallite size is decreasing from 76.14nm to
42.87nm with increasing concentration from 0.05M to 0.2M. Zn(OH), & Zn0O + H,0 9)

There is no much variations constant value found in c/a ratio
with respect to varying concentration. It is observed from the
peak positions that the orientation of growth of rod is varying
with respect to various concentration. Since the GIXRD
exhibits the diffraction pattern of approximately 100 nm layer
thickness from the surface, this small variation in c/a ratio is
purely due to the orientation effect.

Using above the following tangent formula [32], the lattice
strain (g,,) has been calculated.

€. = P/ tan® 3

The dislocation density (), which represents the amount of
defects in the crystal, is estimated from the following equation
[33].

§=1/D? 4)

It is observed that both lattice strain and dislocation density is
increased with increase of equimolar concentration of Zinc
Nitrate and HMTA from 0.05M to 0.2M. Also it is noted that
the crystallite size of ZnO is decreased from 76.14nm to
42.87nm. The reason for increasing crystal defects can be
identified from the decrease in size of the crystallites. In the
growth of nanorods, increasing the concentration thereby
increases the Zn*" and O” ions in the bath solution which
promotes more nucleation sites on the substrate. During the

Fig.2. shows the 3D AFM images of ZnO nanorods. When the
equimolar concentrations of Zinc Nitrate and HMTA
concentration of the solutions increases from 0.05M to 0.2M,
the rod started to grow preferentially on C axis along (002)
direction and density of the rod also increased. The increase in
number of rods and decrease in size of rods are observed while
increasing the concentration. These results are well correlated
with GIXRD results. This is due to the increase of vertical and
lateral growth of rod which can also confirmed by GIXRD
results.

The morphologies of fabricated ZnO nanorods are studied by
FESEM images are shown in Fig.3. It can be seen clearly that
the concentration is an important factor which has influence on
the dimension of the nanorods. The concentration of these Zn*"
and O” ions exceeds a critical value, then ZnO nuclei starts. In
Fig. 3a. Some of places of surface has more ZnO crystals and
some places are empty. It is due to the ZnO nucleus is formed
on the energetically favourable nucleation sites on the seed
layer. After ZnO nuclei forms, Zn** and O” ions start to build
up at this local position. Due to the crystal structure of ZnO
building up is bigger in (0001) crystal plane direction than
other crystal plane [37]. Also it is reported that (0001) direction
has the fastest growth rate and (0001) direction has the slowest
growth rate [30]. The average diameter of ZnO nanorods
fabricated in 0.05M, 0.075M, 0.15M and 0.2M equimolar
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concentrations of zinc nitrate and HMTA aqueous solutions are
322 nm, 312nm, 333nm and 322nm respectively.

2.

Fig 2 3D AFM images of ZnO nanorods at different equimolar
concentrations of Zin Nitrate and HMTA conentration such as a) 0.05M, b)
0.075M, ¢) 0.15M and d) 0.2M

The density of nanorod increased with increase of
concentrations and spreads over entire surface. Furthermore it
is clearly observed from the FESEM images that when
increasing the concentration, the orientation of rod on vertical

axis increases and at 0.2M concentration, all the rods are
vertically aligned perpendicular to surface. This vertical
alignment of rods are very important in fabricating all devices
especially luminescence and sensors. At this morphology, the
transport of charge carriers in vertically aligned rods are quite
high due to less annihilation. The hexagonal facets are clearly
observed on the top of rod surface (Fig.3) and this clearly
evidenced the structure of ZnO is hexagonal in nature and it is
also found that the nanorods are uniformly aligned on the
surface.

Signal A = InLens
Mag= 2000 KX

Date 14 Oct 2014
Time :15:13:33

EHT = 5.00 kW
WD = 57 mm

EHT = 5.00 kv
WD= 54 mm

Signal A = InLens
Mag= 2000KX

Date :24 Oct 2014
Time :11:18:40
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Mag = 20.00 K X

Fig 3 FESEM images of ZnO nano rods at different concentration a) 0.05M, b)
0.075M, ¢) 0.15M and d) 0.2M

Optical Properties

The Beer-Lambert law states that the absorbance of a solution
is directly proportional to the solution’s concentration. The
absorbance graph of ZnO nanorod grown at various equimolar
concentrations of Zinc Nitrate and HMTA for the constant
reaction time 2 hours is shown in Fig. 4.
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Fig 4 Absorbance graph of ZnO nanorod grown at various equimolar
concentrations of Zinc Nitrate and HMTA
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Fig 5 PL Spectrum of ZnO nanorod grown at various concentrations
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Fig 6 Raman Spectrum of ZnO nanorod grown at various concentrations

If the concentration increases from 0.05M to 0.2M, the strong
absorption peak also increased and it is observed at 379.5nm.
This absorption peak is blue red shifted and this as compared to
the bulk exciton absorption of ZnO (373 nm) [39] which are
due to the size effect of the nanostructures. At 0.2M
concentration, the absorption in the visible range centered at
425nm is observed which implied more defect energy levels
in the prepared ZnO nanostructures [41]. Band gap is
calculated from the tauc plot from the absorbance spectrum and
the same is given in Table 1. The bandgap energy values are
red blue shifted from 3.64eV to 3.32eV when increasing
concentration at constant time 2 hours. This is due to quantum
confinement effect of charge carriers. the vertical and lateral
growth of ZnO nano rod.

Since NBE emission is exactly originated from the band edges,
the bandgap of the material must be exactly equal to the
emission energy of NBE. The bandgap values are represented
in Table 1.

PL spectrum of ZnO rod grown at different concentrations for
the reaction time 2 hours is shown in Fig. 5. It is observed that
ZnO samples exhibit strong UV emission around 3.32eV. The
emission around 3.32 eV is originated by transitions of electron
between the bottom of conduction band to the top of valence
band and it is so called near band-edge emission (NBE). NBE
comes from the recombination of free excitons at valence band,
whereas the visible emission attributed to the deep level
emission (DLE), originates from the exciton recombination in
the localized states. The localized states is created may be due
the deep donor defects such as Zinc interstitials (Zn;), Zinc-
Oxygen antisites (Zngp) and Oxygen vacancy (Vo).

Raman spectra of the film were taken in order to confirm the
presence of wurtzite phase and crystal quality in the ZnO rod.
ZnO in the hexagonal structures with C 6‘; symmetry each unit
cell has 4 atoms and occupies 2b site of symmetry. The group
theory predicts, the wurtzite ZnO has eight set of characteristic
optical phonon modes at the centre of Brillouin zone (r point)

r= 1A1+2B1+1E1+2E2 (10)

From above equation both A; and E; modes are polar and split
into transverse (TO) and longitudinal optical (LO) phonons
with different frequencies. Two non polar E; and B; modes are
Raman active and silent mode. The raman spectrum of ZnO
nanorod grown at various equimolar concentrations of Zinc
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Nitrate and HMTA is shown in the figure 6. It is noted that
only strong peak around 438Cm™" is observed in the spectrum
and other peaks are could not be visible due to higher value of
signal to noise ratio. The E,(High) raman active mode of ZnO,
relates the characteristic wurtzite phase of ZnO rods,
orientation along c axis and crystalline quality. Here in both the
concentrations, the peak intensity of E,(high) is predominant
over the other peaks indicates that the obtained ZnO nanorods
are in hexagonal wurtzite phase with high crystalline quality. It
is observed that while increasing the equimolar concentration
the intensity of peak is increases indicates that nanorods are
crystallised in hexagonal wurtzite phase with higher crystalline
quality and improved in the orientation of nanorods in ¢ axis at
higher concentration.

If a tensile stress occurs in the sample, The E,(high) peak can
shift to lower frequencies compared with bulk value of 438 cm’
!, while the E,(high) peak can shift to higher frequencies
compared with bulk value of 438 cm’, if there exists a
compressive stress in the ZnO rod.

It can be seen from Fig.6, the position of each E,(high) peak
also shifted to lower frequencies compared with ZnO bulk
crystal [40]. From this result, the prepared ZnO rods have the
best crystal quality and all the films exhibited tensile stress,
which can also confirmed by GIXRD results.

CONCLUSION

The ZnO nanorods were fabricated by hydrothermally on
induced seed layers by various concentrations of equi-molar of
Zinc Nitrate Hexahydrate (Zn(NOs),.6H,0) and
hexamethylenetetramine (HMTA). The crystal structure,
orientation and optical properties were investigated by GIXRD
and UV. Growth mechanism of C-axis oriented ZnO nanorods
has been studied with XRD, FESEM and AFM. Optical
properties revealed that ZnO nano rods having absorption at
UV region of 377 nm which have increased of precursor
concentration. Photo-luminescence spectrum exhibits the UV
light emission and the same in increasing with increasing
precursor concentration.
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