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ABSTRACT:

Vertically aligned ZnO nanorods arrays were synthesized on glass substrates. ZnO seed layers were prepared on glass substrate by
RF Sputtering technique. ZnO nanorods synthesized using low-cost chemical bath deposition method at low temperature (95 °C).
The effect of the different growth time such as (0.5, 1, 2, 3, 4 and 5) h on the morphology, elemental chemical composition and
structure of the ZnO nanorods were obtained systemically, and tested by Field emission scanning electron microscopy (FESEM),
Energy dispersive analysis (EDX), and XRD measurements. The results found that the ZnO nanorods with hexagonal wurtzite
structure grow vertically on the glass substrates. Most of the prepared samples have strong and sharp (002) peak intensities and
the diffraction peaks (002) become higher and narrower as growth time increasing, obtaining that the ZnO crystalline quality
became better with growth time increasing. The growth rate was decreases with increasing growth time, and the high aspect ratio
was found at 4 h as a growth time. The size, length and crystalline size of the ZnO nanorods increase with increasing growth
time. Furthermore the ZnO nanorods vertically grow at (002) direction along the c-axis on the glass substrate, with elementary
chemical compositions of zinc and oxygen only for all prepared samples.
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1. INTRODUCTION

In the recent years, the ZnO nanostructures with different
topographies have been widely investigated due to their
fundamental and technological importance. This is basically
due to its extraordinary properties like large direct band gap
(3.37 eV), negative electron affinity, high mechanical
strength, high thermal stability, oxidation resistance in harsh
environments and large exciton binding energy (60 meV)
(Gayen, Bhar, & Pal, 2010). This material also possesses a
rich family of nanostructures, which shows abundant and
splendid configurations as platforms for nanotechnology
(Wang, 2009). Among ZnO nanostructures, one dimensional
(1D) structures, e.g. nanorods, nanowires and nanobelts,
become one of the major focuses, and demonstrate potential
in various fields, including light emitting diodes (C. H. Liu et
al., 2003; Willander et al., 2009), Schottky diode (Nam,
Baek, & Park, 2014), field-effect transistor (Schneider et al.,
2010), UV sensor (Lai, Wang, Zhao, Fong, & Zhu, 2013),
solar cells (Law, Greene, Johnson, Saykally, & Yang, 2005),
and photocatalysts (Y. S. Liu, Han, Qiu, & Gao, 2012).

Up to now, different experimental techniques have been used
for synthesis ZnO nanorods arrays, including, pulsed laser
deposition (PLD) (Yu et al., 2008), electrochemical
deposition (Guo, Zhou, & Lin, 2008), molecular beam
epitaxy (MBE) (Robin et al., 2009), sputtering (Z. Guo et al.,
2008), vapor phase transport (VPT) (Li, You, Duan, Shi, &
Qin, 2004), thermal evaporation (Ahn, Han, Kong, & Cho,
2009) and chemical vapor deposition (CVD) (Wu et al.,
2006). However, these techniques usually require high
operation temperature and expensive equipment, which are
not compatible with organic substrates for implementations
in flexible and wearable electronics. Compared with the
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methods mentioned above, the chemical bath deposition (CBD)
method as a high performance growth technique for ZnO
nanorod/nanowire is especially attractive due to its obvious
advantages of low-cost, low-temperature operation and
environmental friendliness. Moreover, this technique can be
carried out at low temperatures and large scale on any substrate,
regardless of whether it is crystalline or amorphous (Boyle,
Govender, & O’Brien, 2002; Xu, Wei, Kirkham, & Wang, 2008).
In the chemical solution methods, such hydrothermal and
chemical bath deposition method, there are various parameters
can influence the growth of the ZnO nanorods such as seeding of
the substrate which increases the density and alignment of the
nanorods, thickness of the seed layer, bath temperature, precursor
concentration, pH of growth solution and growth time (Amin et
al., 2011). Since, the structural and optical properties of the ZnO
nanorods strongly depend on the morphology and shape of one-
dimensional ZnO  nanorods.  Consequently,  thorough
understanding of the effects of preparation parameters especially
growth time on morphology of ZnO nanorods which control the
growth mechanism of ZnO nanorods are considered essential
(Shabannia, 2016). The growth time is one of the main and
important growth parameter that control the size and shape of
ZnO nanorods in chemical bath deposition methods
(Polsongkram et al., 2008). In this paper, ZnO nanorods have
been synthesized on glass substrates via low-cost two step
chemical bath deposition method at low temperature. The effect
of the growth time on the morphology, structural and growth
process of the ZnO nanorods were investigated. Times New
Roman with a size of nine (9) points is to be used.

2. MATERIALS AND METHOD

All the chemicals such as Zinc Nitrate Hexahydrate (Zn
(NO3)2.6H20) and Hexamethylenetetramine (HMTA) (CeH12N4)
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were used as it’s purchased from Sigma-Aldrich without
further purification. Deionized water was used for all
synthesis and treatment processes and had a resistivity of
18.2 MQ*cm. The experimental setup and the fabrication
technique have been described in our previous studies
(Abdulrahman, Ahmed, Ahmed, & Almessiere, 20164,
2016b). The microscopic glass is used as substrate for
growing ZnO nanorods. The glass substrates have been
cleaned in an ultrasonic bath by using ethanol, acetone and
deionized water for 15 min respectively and dried with
nitrogen gas. The 100 nm thick ZnO seed layer was deposited
on the glass substrates by using radio frequency (RF)
magnetron sputtering was utilized using target (99.999%
purity of ZnO) with 5.5 *10-3 mbar argon gas pressure inside
RF chamber and 150 Watt RF power sputtering for 15 min.
After that the prepared ZnO seed layer on glass substrates
annealed inside tubular furnace at 400°C for 2 h under
atmosphere to stress relief the coated layer. The low-cost
chemical bath deposition method has been used for synthesis
vertically aligned ZnO nanorods on glass substrates for
different growth time. The Hexamethylenetetramine
(HMTA) (CsHi2N4) and Zinc Nitrate Hexahydrate (Zn
(NO3)2.6H20) were used as precursors, and deionized water
was employed as a solvent. The appropriate amount of
HMTA (CsH12N4) equal molar concentration of Zinc Nitrate
Hexahydrate (Zn (NOs)2.6H20) were separately dissolved in
deionized water at 80 °C and mixed together under magnetic
stirrer. The prepared ZnO seed layer coated glass substrates
were inserted vertically inside a beaker including a mixture
of the two solutions. To demonstrate the influence of the
various growth time on morphology, crystal structure and
growth of ZnO nanorods on glass substrates, beakers were
placed inside an oven at 95°C for different growth time (0.5,
1, 2, 3, 4 and 5) h. At the end of growth process the all
samples were rinsed by deionized water to remove the
remaining salt, and then it was dried by nitrogen gas. The
field emission scanning electron microscope (FESEM)
model (FEI Nova a nano SEM 450 Netherlands and Leo-
Supra 50 VP, Carl Zeiss, Germany) has been used to
characterize (examine) the morphology (top view, Cross
section, size, length, homogeneity, density and distribution of

nanorods. The size and length of ZnO nanorods have been
measure directly from FESEM machine. The energy dispersive
X-ray spectroscopy (EDX) used to provide the quantitative and
qualitative analyses of elemental composition of all samples of
ZnO nanorods. The structural, crystal structure, stress, Strain, and
quality of the epitaxial growth of ZnO nanorods on glass
substrates for different growth time are characterized by high
resolution XRD (HR-XRD) system (X-Pert Pro MRD model
with CuKa (A = 0.154050 nm)).

3. RESULTS AND DISCUSSION

The growth mechanism of the formation of ZnO nanorods can be
shown on based of chemical reactions in chemical bath
deposition process. The chemical reactions of the formation of
ZnO nanorods can be summarized as below (Shi, Yang, Dong,
Ma, & Zhang, 2013; Xie, Wang, Duan, & Zhang, 2011; Zhou et

al., 2014):
CeHysN, + 6H,0 © 6HCHO + 4NH, (1)
NH; + H,0 © NH} + OH- @)
Zn(NO3), = Zn?* + 2NO3 3)
Zn?* + 20H~ © Zn(OH), &)
Zn(OH), 5 Zn0 + H,0 (5)

In the initial growth of ZnO nanorods, the HMT is decomposes
into ammonia and provide the hydroxide ions, OH" (Shi et al.,
2013). The Zn?* caution further reacts with NH3 and OH- anion
to form ZnO nuclei. The formed crystal nuclei will grow, and
then degraded into ZnO nuclei with the influence of more OH
ions under a certain temperature (Zhou et al., 2014). Hence, as
the time increases, the ZnO nuclei will continuously growing. Zn
on the surface of the Zn substrate is further oxidized from the
oxygen to form ZnO nanorods on the substrate (Pei, Zhao, & Tan,
2010). While Zn atoms attached to the ZnO nuclei edges, the
oxidization process causes lateral growth of ZnO nuclei (Hejazi,
Hosseini, & Ghamsari, 2008; Hou et al., 2009). Figure (1) shows
the top view of FESEM images of the ZnO nanorods synthesized
on seed layer ZnO/ glass substrates at different growth time from
0.5hto5h.
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Figure 1 (a) shows that the ZnO nanostructures grown with
growth time of 0.5 h have low density all over the seed,
nonhomogeneous distribution of the ZnO NRs. Also the
formation of the most of the ZnO structure look like a grain
of rice comprises of single ZnO nanorods with the average
size about 55 nm. As the growth time is increased to 1 h, the
ZnO nanorods structure started to form as shown in figure 1
(b). It was observed that the ZnO nanorods were randomly
oriented and not vertically aligned of ZnO nanorods with
average size about 62 nm and more distribution over the seed.
As the time of growth is increased to 2 hours as shown in
figure 1 (c), the formation of ZnO NRs occur more uniformly
with higher density and distribution. The average sizes of
ZnO nanorods are increased to (67 nm). However, the
aligned of ZnO nanorods is still not good enough. Further

— 500 nm—

In order to investigate the growth direction and length of the
nanorods through growth time, an FESEM cross-section
image are taken for different growth time as shown in figure
2. Figure 2 (a) shows the cross-section of the ZnO
nanostructure grown for 0.5 h. It can clearly see that the ZnO
structure are formed like rice shape with short length and not
well aligned. Also the nanorods are not uniform and having
average length is about 255 nm with low distribution density.
The ZnO nanorods length was started increase to (493 nm)
after one h as shown in figure 2 (b). It is clear that the
alignment and the length of nanorods are not uniform. It can
be observed that the bottom of the nanorods is wider than the
top of it after 2 hr. The average length of nanorods grown for
2 h as growth time is about 683 nm. With the increase the
growth time from 3 to 5 hours as shown in figures 2 (d, e and
f), the increase in length and vertically well-aligned are
remarkable investigated. The average length of the ZnO
nanorods are about 750 nm, 1008 nm and 1068 nm for growth
time 3, 4 and 5 h, respectively. For further clear and
investigation of the growth time effect on the size, length,
aspect ratio and growth rate. Figure 3 shows the size, length,
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Figure 2. Cross-Section Images of ZnO Nanorods for Different Growth Time (a) 0.5 h, (b) 1 h, (c) 2h, (d) 3 h, () 4 hand (f)5h

increasing of growth time to 3 hours the average ZnO nanorods
size was boosted to (83 nm) as shown in figure 1 (d). It can clearly
see that the remarkable change on the morphology, shapes,
orientation, distribution and aligned of ZnO nanorods were
observed. Increasing the growth time to 4 and 5 hours as shown
in figures 1 (e) and (f) respectively shows the vertically well-
aligned ZnO nanorods oriented along c-axis with high density of
ZnO nanorods uniformly covered the entire scanned surface.
Also the shape of the ZnO nanorod arrays are hexagonal shaped
with average sizes of (91 nm) and (164 nm) for growth time 4
and 5 hours, respectively. From all images in figure 1, one can
notice that the growth time is very significant parameter in
obtaining the morphology (shape, size, density, orientation,
distribution and alignment) of the ZnO nanorods.

— 1 gm—

aspect ratio and growth rate of ZnO nanorods vis. growth time.
The size and length are proportional increases with increasing the
growth time and have similar trends as demonstrated in figure 3
(@). As shown in figure 3 (a), one can conclude that the size of
ZnO nanorods increases as growth time increases. Figure 3 (b)
reveals change in the aspect ratio of ZnO nanorods vis. growth
time. It was obtained that the aspect ratio of ZnO nanorods was
rapidly increased with increasing the growth time to 2 hours and
decreased for 3 hours because the average size of ZnO is very
small compare to the average length of nanorods. Then the aspect
ratio was increasing at 4 hours with rapidly decreasing for 5
hours. That is clear difference in average size and average length
of the ZnO nanorods. From figure 3 (b), one can conclude that
the optimum growth time was 4 hours because have high aspect
ratio up to (11.02) compare to the other growth time. The growth
rate vis. growth time is described in figure 3 (c). It can clearly see
that the growth rate is decreases with increasing the growth time
to 3 h and increases at 4 h because the average length of ZnO
nanorods is increases with increasing the growth time.
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Figure 3. Effect of Growth Time on the ZnO Nanorods (a) size & Length (b) Aspect Ratio (c) Growth Rate

The elemental chemical composition of the as-grown ZnO
nanorods prepared at 95 °C for the different growth time was
performed by EDX analysis. Figure 4 reveals the
corresponding EDX analysis which shows the existence of
Zn and O, which corresponds to the characteristic
composition of ZnO, without the presence of any impurities

or substrate signal according to EDX limitations. The ratio
between Zn and O was the same for all analyzed samples grown
for various growth times on glass substrates. The molecular ratio
of Zn:O of the grown nanorods calculated from quantitative EDX
analysis data, is almost 1:1, which is confirming that the grown
nanorods are pure ZnO.
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Figure 4. Typical EDX Analysis of ZnO Nanorods for Different Growth Time () 0.5h, (b) 1 h, (c)2h, (d)3h,(e)4hand (f)5h

Figure 5 shows the X-Ray diffraction (XRD) patterns of ZnO
nanorods grown on glass substrates synthesized by low
temperature methods for different growth time at 95 °C. All
the diffraction peaks in the all XRD patterns have been
indexed as the wurtzite hexagonal phase of ZnO
corresponded to (JCPDS cards No. 01-080-0075). Besides,
no diffraction peaks from other impurities have been
obtained, confirming that the high purity of ZnO nanocrystal
phase is performed.

The ZnO nanorods tended to grow in the (002) orientation
because the surface free energy density of this orientation is
lowest in a ZnO crystal (Lee & Gao, 2005). Figure 5 shows the
(002) diffraction peak in most of XRD patterns was dominating
for ZnO nanorods grown for the time of (1, 3, 4 and 5) hours.
The sharp and strong ZnO (002) peak in the XRD patterns also
proven that the ZnO nanorods were discriminatory synthesized
along the c-axis of the wurtzite hexagonal structure, which
indicated that the ZnO nanorods vertically grow on the surface of
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glass substrates. But for ZnO nanorods grown at 0.5 h as
shown in figure 5 (a), reveals the amorphous pattern have
good agreement with morphology characteristics (results).
Also for the ZnO nanorods grow for 2 h is described in figure
5 (c). The (101) was dominant, that indicated the most of ZnO
nanorods oriented along in different axis. Figure 5 and table
1 show that the intensity of the ZnO (002) peak is increases
with increasing the growth time from 0.5 to 5 hours. It is
worth suggesting that the diffraction peaks (002) become
higher and narrower as growth time increasing, obtaining that

ZnO crystalline quality became better with growth time
increasing. In general, one of the effective parameter to modify
the surface condition and crystallinity of ZnO nanorods is the
growth time, which will change the diameter of nanorods, length,
aligned and crystallinity. Growth time also improves the
crystallinity of ZnO nanorods by decreasing the oxygen vacancy
concentration and deep level defects or surface defect
recombination (Thambidurai, Muthukumarasamy,
Velauthapillai, & Lee, 2014)
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Figure 5. X-Ray Diffraction of ZnO Nanorods grown for Different Growth Time (a) 0.5 h, (b) 1 h, (c) 2 h, (d) 3 h, (¢) 4 hand (f)

Table 1. Lattice Parameters and Structure Properties of ZnO Nanorods along (002) peak grown for Different Growth Time

Growth

Time 20 FWHM  I(a. u) a(A) cA) % PR d(A) D(A) 5(A?)

(Hrs.)
1 34.375 0.215813 104 3.010040 5.213543 -7.48301 -0.02986 2.60677 385.3179 6.73537*10°
2 34.425 0188083 202  3.0058005 5.206199 -7.62468 -0.06912 2.60310 442.1866 5.11433*10°
3 34.425 0.175922 399  3.0058005 5.206199 -7.62468 -0.06912 2.60310 472.7527  4.47437*10°
4 34.425 0.172004 465  3.0058005 5.206199 -7.62468 -0.06912 2.60310 483.5230 4.27726*10°
5 34.375 0.158222 495  3.0100400 5.213543 -7.48301 -0.02986 2.60677 5255697  3.62026*10°

The lattice constants a and ¢ of the ZnO wurtzite hexagonal
structure along (002) peak is obtained using Bragg's law, (C
& G, 1998; Kashif et al., 2012):
A
1

= |i— 6

a 3sind (6)
A

Cc= m (7)
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The plane spacing of hexagonal wurtzite structure of ZnO along
(002) peak is evaluated according to Bragg’s law, and it’s
summarized in table (Kashif et al., 2012):
2dsing = nl (8)

Where A =0.15405 nm is the wavelength of the X-ray source and
0 is the angle of the diffraction peak , d in the plane spacing and
n is the order of diffraction that usually is 1.The strain (&c) and
(&a) of the ZnO nanorod grown on the glass substrate along c-axis
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and a-axis, respectively can be determined by using the
following equations (Lipson, 1979; Tsay, Fan, Chen, & Tsali,
2010; Warren, 1969):

o= =2 £ 100% (9)

S = «100% (10)

Where co and ao are demonstrating the standard lattice
constant for unstrained ZnO. A positive value of strain is
concerned to the tensile strain and indicates an expansion in
lattice constant while a negative value is concerned to the
compressive strain and indicates a lattice contraction. The
strain (&¢) and (Fa) are decreases with increasing the growth
time from 0.5 to 4 h, and then increased with further
increased the growth time to 5 h, as shown in table 1. The
lowest compressive strain with high diffraction intensity
along (002) peak were obtained in the aligned ZnO nanorods
grown for 4 h. This observation indicated high crystal quality
of ZnO nanorods grown on glass substrate. The average
crystallite size of the ZnO nanorods along (002) plane is
calculated by using the Debye Scherer formula (B.D.Cullity,
2007), and shown in table 1.
KA
b= Bcosb an

Where k is a constant which is taken to be 0.9, 0 is the Braggs
diffraction angle and the f is the full width at half maximum
(FWHM) of the peak. The dislocation density (8), which
represents the amount of defects in the crystal, is obtained by
(Kurda, Hassan, & Ahmed, 2015):

1
=13 (12)

Where D is the average crystallite size. As showed in table 1,
the average crystallite size of the ZnO nanorods is increases
with increasing growth time and dislocation density of the
ZnO nanorods is decreases with increasing growth time that
means the amount of defects in the crystal is decreases with
increasing the growth time. Also the values of FWHM of
ZnO nanorods along (002) plane are decreases with
increasing the growth time obtaining that the ZnO crystalline
quality became better with growth time increasing.

o
a-a,

4. CONCLUSION

In conclusion, high quality ZnO nanorods were successfully
synthesized on ZnO/glass substrates by two step chemical
bath deposition at low temperature (95 °C). The effect of the
growth time on morphology, elemental chemical
compositions and structure of fabricated ZnO nanorods were
investigated. One can concluded that the growth time
consider a very important growth parameter for controlling
the shape, size and alignment of ZnO nanorods. The sizes and
length of ZnO nanorods are increases with increasing the
growth time. Also the growth rate is decreased with
increasing the growth time to 3 h and increasing at 4 h. In
addition, the high aspect ratio was found at 4 h as a growth
time. The XRD result shows that the ZnO nanorods appear
hexagonal wurtzite structure. The ZnO nanorods quality
became better with growth time increasing. From the results,
the optimum growth time for growing ZnO nanorods on glass
substrates by using chemical bath deposition method is 4 h.

ACKNOWLEDGEMENTS

This work was supported by the Split-Site Programs of PhD
Study between the department of Physics, Faculty of Science,
University of Zakho, Zakho, Kurdistan Region Irag. And
NanoOptoelectronic Research & Technology Laboratory,
School of Physics, University Sains Malaysia.

REFERENCES

Abdulrahman, A. F., Ahmed, S. M., Ahmed, N. M., & Almessiere, M. A.
(2016a). Different substrates effects on the topography and
the structure of the ZnO nanorods grown by chemical bath
deposition method. Digest Journal of Nanomaterials and
Biostructures, 11(3), 1007-1016.

Abdulrahman, A. F., Ahmed, S. M., Ahmed, N. M., & Almessiere, M. A.
(2016b). Novel process using oxygen and air bubbling in
chemical bath deposition method for vertically well aligned
arrays of ZnO nanorods. Digest Journal of Nanomaterials and
Biostructures, 11(4), 1073-1082.

Ahn, C. H,, Han, W. S., Kong, B. H., & Cho, H. K. (2009). Ga-doped
ZnO nanorod arrays grown by thermal evaporation and their
electrical behavior. Nanotechnology, 20, 015601.

Amin, G., Asif, M. H., Zainelabdin, A., Zaman, S., Nur, O., & Willander,
M. (2011). Influence of pH, Precursor Concentration, Growth
Time, and Temperature on the Morphology of ZnO
Nanostructures Grown by the Hydrothermal Method. Journal
of Nanomaterials, 9.

B.D.Cullity. (2007). Elements of X-ray Diffraction. second edition,
Addison Wesley.

Boyle, D. S., Govender, K., & O’Brien, P. (2002). Novel low temperature
solution deposition of perpendicularly orientated rods of ZnO:
substrate effects and evidence of the importance of counter-
ions in the control of crystallite growth. Chem. Commun., 80-
81.

C,S., &G, N. (1998). X-Ray Diffraction: A Practical Approach. Springer
Science + Business Media, LLC, 233 Spring Street, New
York, NY 10013, USA: Plenum Press.

Gayen, R. N., Bhar, R, & Pal, A. K. (2010). Synthesis and
characterization of vertically aligned ZnO nanorods with
controlled aspect ratio. Indian Journal of Pure & Applied
Physics (IJPAP), 48, 385-393.

Guo, H., Zhou, J., & Lin, Z. (2008). ZnO nanorod light-emitting diodes
fabricated by electrochemical approaches. Electrochem.
Commun., 10, 146-150.

Guo, Z., Zhao, D. X., Liu, Y., Shen, D., Zhang, J., & Liu, B. (2008).
Visible and ultraviolet light alternative photodetector based
on ZnO nanowire/n-Si heterojunction. Appl. Phys. Lett., 93,
163501-163503.

Hejazi, S. R., Hosseini, H. R. M., & Ghamsari, M. S. (2008). The role of
reactants and droplet interfaces on nucleation and growth of
ZnO nanorods synthesized by vapor—liquid—solid (VLS)
mechanism. J. Alloys Compd., 455, 353-357.

Hou, K., Li, C., Lei, W., Zhang, X. B., Yang, X. X., Qu, K., X.WSun.
(2009). Influence of synthesis temperature on ZnO
nanostructure morphologies and field emission properties.
Physica E 41, 470.

Kashif, M., Hashim, U., Ali, M. E., Ali, S. M. U., Rusop, M., lbupoto, Z.
H., & Willander, M. (2012). Effect of Different Seed
Solutions on the Morphology and Electro optical Properties of
ZnO Nanorods. Hindawi Publishing Corporation Journal of
Nanomaterials, Article ID 452407.

Kurda, A. H., Hassan, Y. M., & Ahmed, N. M. (2015). Controlling
Diameter, Length and Characte-rization of ZnO Nanorods by
Simple Hydrothermal Method for Solar Cells. World Journal
of Nano Science and Engineering, 5, 34-40.

Lai, C. L., Wang, X. X., Zhao, Y., Fong, H., & Zhu, Z. T. (2013). Effects
of humidity on the ultraviolet nanosensors of aligned
electrospun ZnO nanofibers. RSC Adv., 3, 6640-6645.

Law, M., Greene, L. E., Johnson, J. C., Saykally, R., & Yang, P. D.
(2005). Nanowire dyesensitized solar cells. Nat. Mater., 4,
455-459.

Lee, J.,, & Gao, W. (2005). Sputtered deposited nanocrystalline ZnO
films: a correlation between electrical, optical and
microstructural properties. Appl Phys A Mater Sci Process,
80(8), 1641-1646.

Li, Y., You, L., Duan, R., Shi, P., & Qin, G. (2004). Oxidation of a ZnS
nanobelt into a ZnO nanotwin belt or double single-crystalline
ZnO nanobelts. Solid State Commun., 129, 233.

Lipson, H. (1979). Elements of X-ray diffraction. Contemp. Phys., 20 (1),
87-88.

Liu, C. H., Zapien, J. A, Yao, Y., Meng, X. M,, Lee, C. S., Fan, S. S,,
Lee, S. T. (2003). High-density, ordered ultraviolet light-
emitting ZnO nanowire arrays. Adv. Mater., 15, 838.

Liu, Y. S., Han, J., Qiu, W., & Gao, W. (2012). Hydrogen peroxide
generation and photocatalytic degradation of estrone by

133



A. F. Abdulrahman et al. / Science Journal of University of Zakho 5(1), 128-135, March-2017

microstructural controlled ZnO nanorod arrays Appl.
Surf. Sci., 263, 389-396.

Nam, G. H., Baek, S. H., & Park, I. K. (2014). Growth of ZnO
nanorods on graphite substrate and its application for
Schottky diode. J. Alloys Comp., 613, 37-41.

Pei, L. Z., Zhao, H. S., & Tan, W. (2010). Hydrothermal oxidization
preparation of ZnO nanorods on zinc substrate. Physica
E: Low-Dimensional Systems and Nanostructures, 42(5),
1333-1337.

Polsongkram, D., Chamninok, P., Pukird, S., Chow, L., Lupan, O.,
Chai, G., J., D. (2008). Effect of synthesis conditions on
the growth of ZnO nanorods via hydrothermal method.
Physica B, 403, 3713-3717.

Robin, I. C., Marotel, P., EI-Shaer, A. H., Petukhov, V., Bakin, A.,
Waag, A., .Feuillet, G. (2009). Compared optical
properties of ZnO heteroepitaxial, homoepitaxial 2D
layers and nanowires. J. Cryst. Growth, 311, 2172.

Schneider, J. J., Hoffmann, R. C., Engstler, J., Klyszcz, A., Erdem,
E., Jakes, P., Bill, J. (2010). Synthesis, characterization,
defect chemistry, and fet properties of microwave-
derived nanoscaled zinc oxide Chem. Mater., 22, 2203-
2212.

Shabannia, R. (2016). Effects of Growth Duration and Precursor
Concentration on the Growth of ZnO Nanorods
Synthesized by Chemical Bath Deposition. Iran. J. Sci.
Technol. Trans. Sci.

Shi, R. X,, Yang, P., Dong, X. B., Ma, Q., & Zhang, A. Y. (2013).
Growth of flower-like ZnO on ZnO nanorod arrays
created on zinc substrate through low-temperature
hydrothermal synthesis. Applied Surface Science, 264,
162-170.

Thambidurai, M., Muthukumarasamy, N., Velauthapillai, D., & Lee,
C. (2014). Rosa centifolia sensitized ZnO nanorods for
photoelectrochemical solar cell applications. Solar
Energy, 106, 143-150.

134

Tsay, C. Y., Fan, K. S, Chen, S. H., & Tsai, C. H. (2010). Preparation
and characterization of ZnO transparent semiconductor thin
films by sol-gel method. J. Alloys Compd., 495, 126-130.

Wang, Z. L. (2009). ZnO nanowire and nanobelt platform for
nanotechnology Mater. Sci. Eng., 64, 33-71.

Warren, B. E. (1969). X-ray Diffraction. Courier Dover Publications,
New York.

Willander, M., Yang, L. L., Wadeasa, A., Ali, S. U., Asif, M. H., Zhao,
Q. X., & Nur, 0. (2009). Zinc oxide nanowires: controlled low
temperature growth and some electrochemical and optical
nano-devices J. Mater. Chem., 19, 13.

Wau, C. L., Chang, L., Chen, H. G., Lin, C. W., Chang, T. F., Chao, Y. C.,
& Yan, J. K. (2006). Growth and characterization of chemical
vapor deposition Zinc Oxide nanorods. Thin Solid Films, 498,
137-141.

Xie, J.,, Wang, H., Duan, M., & Zhang, L. (2011). Synthesis and
photocatalysis properties of ZnO structures with different
morphologies via hydrothermal method. Applied Surface
Science, 257, 6358-6363.

Xu, S., Wei, Y., Kirkham, M., & Wang, Z. L. (2008). Patterned Growth
of Vertically Aligned ZnO Nanowire Arrays on Inorganic
Substrates at Low Temperature without Catelyst. J. Am.
Chem. Soc., 130, 14958.

Yu, D., Hu, L., Li, J., Hu, H., Zhang, H., Zhao, Z., & Fu, Q. (2008).
Catalyst-free synthesis of ZnO nannorods arrays on InP (001)
substrate by pulsed laser deposition. Mater. Lett., 62, 4063-
4065.

Zhou, Y., Liu, C., Zhong, X., Wu, H., Li, M., & Wang, L. (2014). Simple
hydrothermal preparation of new type of sea urchin-like
hierarchical ZnO micro/nanostructures and their formation
mechanism. Ceramics International, 40, 10415-10421.



A. F. Abdulrahman et al. / Science Journal of University of Zakho 5(1), 128-135, March-2017
sl el by oy 13y 93U Lyl g o3lidd yaw J SsSaindS ra0s Lyalyyls

105 oS Lo

S s J ebog ey 9 Sesred Sy (ZnO Nanorod) gaulusss cluy v lsgy 93l UySandS o ¢y Saugys 094 uiish o8 5 poyde
s [ obls g ¢ysSeslal aile (ZNO seed layer) gasluSos cluy o883 unr . cddud ssiuns yaw J (ZNO seed layer) guluSss clyy w843
<l ou a9y ¢3U (Radio Frequency Magnetron sputtering) ggsosly LuudogSayd LuSdi gjods daSagy yo) KuSdi o gdinds ouny
5003 LyaSylS a3 ey 0y aS iy J 108U s golasS (puas- o5 BloyaS giodi egigsd Saly (1 3Sangys axdla (ZnO Nanorods) gsslus o5
2393936 0 (638la) ol bty s 1yanSe i 9 goluasS (a3 LSl , 2> 998390 s J 03003 (5 94,3,2,1,0.5) sggsian ol UySands
lalbids s J 13 wapd XRD g FESEM |, EDX (gjods xbaSlicty 59 oS a5 run LlidylG op)S508 9 ails aidle guluSol el
(S ey s J (xS andS 45la Sggrad Sagosniy (WUZite) amgS juad [yanSo st JaSs cailuSed elu) (isg) 93U oS duusyos
Wigzr CepaySSal g o aily (002) Loy o raSThans uBlaiay o 43 o Oygs SadaS (002) syl o Lotz 2l 00lel elials Lilyy
lolonics Ludg yad 9 .03 )SasaS p008 Uggoady JaSs galusSel by oy Jliwa)S LedlsS cpzaly Uludaduwony 9, cas 0ad) oisSaadS ousog
348 9 3303008 sla K adS (uB0g (5003 sy ESpwdd Gyl 9, Cans 0ad) 53 )SAndS ees Wdx oy @IS S andS My dptuslyos
35U (XRD) zaladial ) Luog yad g s 0333 139y 93U ey o)l sS 1e3bad 9 63333 yiasad § Ja yao 3)SaaS pa0s ySealy JaSs Lusg
(EDX) ¢psiSi § 9y gands oty s J (pSisaS aidla € vgp0945 JaSu 9 (002) Lewnyl o 9 (Sosuwd pSaposuin galuSel el ¢dsg)
Mool 040 g5 clin) o S ol po lagy 93U 3 goluasS rasoF il oS a9 )00

B apuSe¥ Eygilll o Ladll Blalas! g ga o JS Lo claidl o 550

ol LoV
3l puaS sl oy didny dille denlay Sldyl Lle Lssac ddya ( ZNO Nanorods) ysill ebsll sewSsl olid clail aa ol lia ;o Bagll
oledd elail @i ety Olesyl le b3l aguSel oo 8yidl dids oyd (RF) dygusly Olags pluscusly ausydl & cossol (5y341)

axuS9¥ a5l oleaal) gyl Syl o dlasl polisll oSy A glodysn o JS le Olelu (594,3,2,1,0.5) elaidl o) 53 upo
deadll 39> o ( EDX) ,( FESEM) &Ulagdl sl %,j_g_);:Sﬂ zalall sgzall o S alascial M5 o cuass g ,( Zn O Nanorods) <l
(Wurtzite) <S5 ga ( ZnO Nanorods) byl auSo¥ &yl Ll oSy ol ( XRD)  dead] dnnl 3g.> 2ils iyghdl ( XRD) dead!
9 lel 2ead (002) sgeodl @ad o (002) dad Yo Bal> o dyg8 buis Ly B3gane Oliwll @lina i) Olusyl Lle Lagac gany L"sl”g dewlandl
o303 31331 WIS iy 2lasdl Jama ol 2oliad] ey S elail cpay ols3l alS il S oY duyoldl Basa Jadl Lle Joasl g, elail o) slsil WS Gos!
(ZN0 <Lipll suuSo¥ dygilil Lzl Byl g g Job sl @an> Jama o JS ol 9 .Olelu 4 clail o) sie S g slsyl duud Llel oLl
sl Lugas gai elijll swSo¥ Lygilll ylusdll ol Loyl ( XRD) dupud! doil sgum 20l o I lelail ooy sbisil 2o slszy Nanorods)
gyoue bib oo degroall sl olas) ELasl solsll (oS5 ol ( EDX) g JI Judod o dzla) Sludydl Lo € yoma Jo> (002)

Bybomo giladl JK b3l g cpmnasS oYl

135



