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Zinc oxide (ZnO) nanowires (NWs) were synthesized using vapor phase transport (VPT) and thermal evaporation of Zn from
CuZn. Time dependence of ZnO NWs growth was investigated for 5, 10, 15, 20, 25, and 30 minutes. Significant changes were
observed from the field electron scanning electronmicroscopy (FESEM) images as well as from the X-ray diffraction (XRD) profile.
The photoluminescence (PL) profile was attributed to the contribution of oxygen vacancy, zinc interstitials, and hydrogen defects
in the ZnO NWs. Raman scattering results show a significant peak at 143 cm−1 and possible functionalization on the wall of ZnO
NWs. Growth of ZnO NWs in (0002) with an estimated distance between adjacent lattice planes 0.26 nm was determined from
transmission electron microscopy (TEM) analysis.

1. Introduction

ZnO is a unique material with a wide band gap of 3.37 eV
and a large exciton binding energy of 60meV at room tem-
perature.These properties and the development of nanosized
ZnO have attracted much attention both in basic science
and industrial applications [1]. Thus, many efforts have
been employed for achieving ZnO in one-dimensional (1D)
nanostructures as nanotubes [2], nanowires [3], nanorods
[4, 5], nanobelts [6], nanocables [7], and nanoribbons [8]
using physical evaporization [9], chemical vapor deposi-
tion [10, 11], solvothermal [12], and carbothermal method
[13] on different substrate materials. However, the growth
techniques are ranged from low temperature wet chemical
growth technique tometal organic chemical vapor deposition
(MOCVD) technique [14] at temperatures above 1000∘C.
The MOCVD technique has led to high quality growth of
columnar structured film with higher growth rate but not

straight forward to fabricate smooth ZnO thin film on flat
surfaces. Indeed, growing ZnO film homoepitaxially on ZnO
substrate using vapor phase transport (VPT) method [15]
was favored earlier but seems to be far from cost-effective
and high volume production. Nevertheless, VPT is still a
suitable technique to grow nanoscale ZnO NWs in bulk,
nanorods, and thin film effectively since this method allows
NWs to be grown directly from substrate and does not
require any catalyst or seed layers to promote the growth of
ZnO NWs [16]. Apart from this, VPT enables the control
of morphology and size of the nanostructures as parameters
like reaction time and temperature are adjustable. Yu et
al. have reported that reaction time less than 2 hours has
produced high quality ZnO NWs via VPT compared to
organic solution based chemistry which takes about 2 to 12 h
[16]. Earlier, Zhu et al [17]. used VPT method and detailed a
comparative study onZnONWs growth using differentmetal
catalyst and different substrate material. This has imparted
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Figure 1: Illustration of experimental setup in order from bottom; quartz plate, Si substrate, CuZn plate, two-sided hollow CuZn metal rod,
and tungsten hotwire in a vacuum chamber.

one-dimensional ZnO nanostructures with different range of
diameters, densities, and aspect ratios [17]. In this study we
are reporting a technique that consumes deposition period
and is feasible in growing ZnO at suitable temperature on
silicon substrate. This involves the combination of VPT of
methanol and thermal evaporation of CuZn to obtain large
area of deposition with reduced time of reaction. The use of
CuZn as the Zn source is to benefit from a solid source with
the potential to be fashioned to produce patterneddeposition.
The technique described here is significantly different from
other reported techniques of the synthesis of ZnO nanostruc-
tures directly on Zn substrates or using mixtures of ZnO and
carbon powders. With CuZn, the dezincification process [18]
where Zn segregates to the surface of CuZn when heated to
below its melting point of 914∘C is utilized. The Zn droplets
formed during the dezincification process are transported to
the substrate surface under gas flow to be oxidized to ZnO.

2. Experimental

The ZnO NWs were grown on Si (001) substrate. CuZn
alloy was used as Zn source, whereas methanol was used
as source of oxygen in this work. CuZn alloy of 55.11, 37.91,
3.84, and 3.13 weight % for Cu, Zn, Al, and Pb, respectively,
was verified by EDAX measurement and was used as Zn
source. Mirror finished Si (001) wafer was used as a substrate
for the growth of ZnO NWs. The Si wafer was cut into
chips about 1.5 by 1.5 cm and the oxide layer removed using
hydrofluoric acid (HF) solution. Then the Si chips were
cleaned ultrasonically about 30 minutes in acetone solution.
The cleaned Si chips were rinsed in deionized (DI) water
and let to dry in desiccators at room temperature to remove
moisture content on the Si substrate. The dried Si chip was
placed on a quartz slide before being transferred into the
vacuum chamber. A CuZn alloy plate thickness of 0.5mm
with dimension of 2.3 by 2.3 cm and 0.5 cm diameter hole in
middle was cleaned ultrasonically in acetone bath and rinsed

with DI water before placing it on the Si chip. A two-sided
hollowCuZn rodwas placed on the Si chip to cover the whole
surface of Si substrate. The illustration of experimental setup
is shown in Figure 1.

Argon (Ar) was flowed at 100 sccm through mixture of
methanol and acetone solution to allow methanol vapor to
be transported into the deposition chamber. The gas tubing
systems were filled with drying agent and potassium silicates
in order to allow dried methanol and Ar flow into the depo-
sition chamber. This methanol vapor underwent thermal
dissociation under tungsten hotwire which was heated to
1800∘C. Copper (Cu) in the CuZn did not undergo thermal
evaporation due to its higher melting point compared to the
operating temperature. Zn inCuZnwas thermally evaporated
at temperature greater than 395∘C. The vaporized Zn and
methanol particles were condensed on Si substrate which
was monitored at temperature of 800∘C. The deposition
period was prolonged for 30 minutes. At the end of the
30th minute the methanol transportation was halted and
the hotwire was switched off but continuous flow of Ar at
100 sccm without flowing through the mixture of methanol
and acetone solution was maintained until the temperature
of substrate dropped to room temperature. The influence
of growth time dependent of ZnO NWs was investigated
by varying the growth time periods to 25, 20, 15, 10, and 5
minutes.

3. Results and Discussions

3.1. FESEM. Figure 2 shows the images of ZnO NWs pre-
pared at various growth times of 5, 10, 15, 20, 25, and 30
minutes. Significant changes in themorphology and structure
of ZnO NWs are identical as the growth time was varied.
Growth of hexagonal nanorods and NWs is observable as
displayed in Figure 2.The stem can be attributed to hexagonal
wurtzite ZnO structure which stacks up to a button shaped
ZnO.
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Figure 2: Images (a), (b), (c), (d), (e), and (f) are ZnO NWs prepared at deposition times of 5, 10, 15, 20, 25, and 30 minutes.

At growth times of 5 and 10 minutes, growth like button
mushrooms are observable as shown in Figures 2(a) and 2(b).
The diameters of the NWs ranged from 10 nm at the bottom
to few hundred nm to the top tip and seem to be stacks of
hexagonal ZnO plates in a single NW.The stacked hexagonal
shape ZnONWs are randomly orientated in long and straight
dimension in whole direction on the Si substrate as seen in
Figures 2(a) and 2(b).

Figures 2(c) and 2(d) are images of ZnO NWs produced
for growth time of 15 and 20minutes.They are also randomly
orientated as long and straight NWs on Si substrate. The
lengths are observed to be up to few microns greater than
ZnO NWs prepared at growth times of 5 and 10 minutes.
Their diameters ranged from 10 to 100 nm. Besides that,
formations of ZnO flakes are also observable in the ZnO

NWs prepared at growth time of 20 minutes which could be
an initial stage of formation of ZnO nanoflakes. More ZnO
nanoflakes were observed to be around the NWs at growth
times of 25 and 30 minutes. Tiny nanostrings also were
grown connecting the ZnO nanoflakes as seen in Figure 2(f).
However, the diameters ranged from 100 nm at the bottom
to 10 nm to the top tip which looks like nanoneedles. This
growth shape of ZnO nanoneedles is in opposition of ZnO
NWs of 5 and 10 minutes growth time.

3.2. XRD. Figure 3 shows the XRD spectra of growth time-
dependent for ZnO NWs deposited on Si substrate in 5, 10,
15, 20, 25, and 30 minutes. The diffracted peaks attribute
the polycrystalline nature of ZnO which can be indexed to
the hexagonal wurtzite type ZnO (JCP2.2CA: 00-036-1451).
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Figure 3: XRD spectra of ZnO NWs prepared at growth times of 5, 10, 15, 20, 25, and 30 minutes are stacked up.
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Figure 4: Crystallite size of ZnO/methanol NWs obtained at growth times of 5, 10, 15, 20, 25, and 30 minutes.

The prevalence of the peak that corresponds to (100) and (101)
directions points to a preferential deposition time of 5, 10, and
15 minutes, whereas preferential growth direction in (002)
plane is observable for growth times of 20, 25, and 30minutes.
Thismay be due to the fact that there are no enough energized
particles in the beginning of 5 to 15 minutes to move to
low-energy sites that induced strain in the film. Significant
contribution in the (100), (002), and (101) direction are
noticeable when the deposition time is increased from 20 to
30 minutes but very slight preferential orientation is noticed
in ⟨002⟩ direction.This renders that more energized particles
occupied the low energy sites in c-axis direction. Based on
the preferential growth direction (002) with the increased
deposition time, crystallite size (D) of ZnO is calculated using
Scherer formula [19].The peak center of (002) fromGaussian
deconvoluted shows slight shift to the left compared to the
standard peak center 2𝜃 of 34.422 of bulk ZnO (5.20661 Å).

This indicates uniform tensile stress is distributedwith higher
calculated d spacing value of 2.604 Å.

Table 1 shows that the calculated crystallite size has
increased as the growth time was increased. Figure 4 shows
distribution of crystallite size at growth times of 5 to 30
minutes. The crystallite size found to be increased at low rate
during the growth time of 5, 10, and 15 minutes which could
be due to formation of low energy site of lattice ZnO. During
20, 25, and 30 minutes of growth time, the crystallite size
dramatically increased to 49.8, 67.5, and 44.0 nm, respectively.
This could be condensation of energized particles such as O
species onto the low energy site of ZnO. At higher growth
time, the density of growth of ZnO might have increased
which could be due to condensation of more energized
particles intoNWs.The percentage of increment of crystallite
size of ZnO NWs is worked out for an increased deposition
time of 5 minutes as shown below

increment of crystallie size: 17% 5% 40% 35% −34%
Deposition time: 5 → 10 → 15 → 20 → 25 → 30. (1)
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Table 1: Details of ZnO NWs deposited at growth times of 5, 10, 15, 20, 25, and 30 minutes.

Deposition time
(minutes)

Peak center (2𝜃) (002) Crystallite size,𝐷 (nm) 𝑑 spacing (Å) Lattice parameter (Å) Ratio 𝑐/𝑎 Volume (nm3)
(002) (101) 𝑎 𝑐

5 34.388 23.6 2.60482 2.47700 3.25102 5.20960 1.6025 47.68

10 34.380 28.3 2.60528 2.47562 3.24865 5.21082 1.6040 47.63

15 34.390 29.8 2.60432 2.47619 3.24990 5.20933 1.6029 47.65

20 34.393 49.8 2.60449 2.47642 3.25039 5.20893 1.6026 47.64

25 34.396 67.5 2.60400 2.47684 3.25111 5.20846 1.6021 47.68

30 34.387 44.0 2.60486 2.47667 3.25063 5.20972 1.6027 47.67

We believe that high percentages of increment 17%, 40%,
35%, and 34% are identified for the increment of 5 minutes
of deposition time from 5 to 10 minutes, 15 to 20 minutes,
20 to 25 minutes, and 25 to 30 minutes. This is due to the
more energized particles that have occupied the low energy
sites of the lattice of ZnO NWs, whereas low percentage of
5% for the increment of 5 minutes of deposition time from 10
to 15 minutes indicates that not enough energized particles
occupied the lattice of ZnO NWs. The discernible change
of growth percentage of ZnO NWs explicates a sinusoidal
growth trend whereby creation and occupancy of low energy
sites simultaneously have taken place for each increment of
5 minutes deposition time. However, optimization in the
growth time is noticed after 25 minutes of deposition.

3.3. Photoluminescence. PL study was carried out using Ren-
ishaw inVia Raman microscope at room temperature in the
wavelength range from 350 to 800 nmusing a 325 nmhelium-
cadmium (He-Cd) laser light which passes through three
visible lens sets and a diffraction grating of 1200 lines/mm.
The respective PL profile for ZnO NWs prepared at various
growth times of 5, 10, 15, 20, 25, and 30 minutes is shown in
Figure 5. It is generally accepted that the surface states play a
crucial role in PL spectra of ZnO nanomaterials [20]. Energy
transition within the ZnO NWs and relationship between
material color and defect structure were determined. The
normalized PL shows a low near band-edge (NBE) emissions
at ∼382 nm, deep level (DL) emissions at ∼540 nm, and near
infrared (NIR) emissions at ∼765 nm for all the samples.

Figure 5 also indicates that the intensity of the emis-
sions has decreased as the growth time was increased. The
increased integral intensity of NBE emission indicates sig-
nificant changes in the crystallinity of ZnO NWs as well as
the diameter of the NWs [21]. High crystallinity of ZnO is
related to decrease of impurities and structural defects such
as oxygen vacancy (Vo) and dislocations [22]. The decreased
NBE also indicates rapid recombination of charge carriers
in the defect energy states, which gives rise to intense DL
emission as observed in Figure 5. The dependence of this DL
emission on the growth times was analyzed to investigate
the defect structure in ZnO. In order to compare the relative
contributions to the emissions Gaussian deconvoluted peaks
were obtained for NBE, DL, and NIR and detailed in Table 2.
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Figure 5: Photoluminescence profile of ZnO NWs deposited at
various growth times of 5, 10, 15, 20, 25, and 30 minutes.

Blue region around 460 nm (2.70 eV) can be linked to the
presence of complexes of zinc interstitials (Zni) [23].

The broad DLE green emissions at ∼540 nm (2.29 eV)
can be related to oxygen vacancies (Vo) [20]. Halliburton
et al. have shown that DL green emission is due to shallow
donors or conduction band electrons [24]. Zhang et al.
[25] and Patterson [26] have proved that Vo is an unlikely
contributor to green emission compared to zinc vacancies
(VZn
2−) based on the electron transition state. VZn

2− has the
lowest formation energy in O-rich conditions and in our
experiment this is prevalent as the growth timewas increased.
The use of methanol environment provided excess oxygen
for the ZnO formation reactions. Thus, VZn

2− is the most
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Figure 6: Raman scattering of ZnO NWs prepared at growth times of (a) 10, (b) 20, and (c) 30 minutes.

Table 2: Details of photoluminescence peaks of ZnO NWs near band edge, deep level, and infrared emissions obtained from Gaussian fits.

Deposition time
(minutes)

NBE DL NIR
Peak position (cm−1) Energy (eV) Peak position (cm−1) Energy (eV) Peak position (cm−1) Energy (eV)

5 minutes 382 3.24 541 2.29 764 1.62
10 minutes 381 3.25 541 2.28 761 1.62
15 minutes 381 3.25 540 2.29 761 1.63
20 minutes 382 3.24 540 2.29 762 1.62
25 minutes 381 3.25 540 2.28 762 1.63
30 minutes 378 3.28 541 2.28 755 1.64

energetically favorable and stable defects in the synthesized
ZnO nanorods [25].

Small broad shoulder ∼560 nm (2.21 eV) indicates emis-
sions of yellowish-green band from all ZnO NWs samples
prepared at growth times of 5, 10, 15, 20, 25 and 30 minutes.
This can be related to shallow donor H+ defects in the ZnO
nanorods which presents from the methanol solution [27].
ZnONWsare believed to be a good candidate to study doping
levels in ZnO nanostructures. The observed yellow lumines-
cence at ∼560 nm (2.20 eV) is attributed to recombination of
donors with acceptors frommethanol solution believed to be
H acceptors. Near infrared (NIR) luminescence ∼762 nmwas
observed in all ZnO samples except for sample prepared at
growth time of 30 minutes which shows NIR at 755 nm.

3.4. Raman Scattering. Figures 6(a), 6(b), and 6(c) show
Raman spectrum of ZnO NWs which were prepared at
growth times of 10, 20, and 30 minutes. Dominant peak at
143 cm−1 is noticeable in ZnONWs deposited at growth time
of 10 minutes, whereas dominant peak at 145 cm−1 is observ-
able in ZnO NWs of growth times of 20 and 30 minutes.
The intensity at 143 cm−1 was found to be enhanced as the
growth time of ZnO NWs was increased by 10 minutes at
constant substrate temperature of 800∘C. Cuscò et al. also
have observed the same peak and have reported that intensity
enhancement and sharpening of the peak at 142 cm−1 as
Raman scattering was done at lower temperatures at 80K due
to local mode origin of the peak. This is in contradiction to
our room temperatures Raman scattering [28].
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Two peaks at lower wavenumber around 72 and 82 cm−1
were noticed in ZnO NWs of all samples. It is found to be
peaks 72 and 82 cm−1 splitting from a single peak for lower
growth time of 10 minutes. As the growth time was increased
to 20 and 30 minutes peak at 72 cm−1 diminished and the
peak at 82 cm−1 was found to be sharper. A research team
from Germany has reported that this Raman peak at 82 cm−1
is related to bare ZnO nanoparticles obtained by decompos-
ingZnoximate in dimethyl formamide (DMF) [29].The same
group also has reported that Raman peak at 105 cm−1 can be
assigned to ZnO/MWCNT which is similar to peaks 107 and
109 cm−1 which were obtained in the sample of ZnO NWs
prepared for growth times of 10, 20, and 30 minutes. The
similarity in observation attributes incorporation of carbon
particles to ZnO NWs. The observed peaks at ∼82, ∼109,
∼143, and∼282 cm−1 which are below 300 cm−1 can be related
to vibrations of Zn sublattice. Peak ∼282 cm−1 that has A

1

symmetry can be assigned to B
1

high-B
1

low mode. This peak
was shifted to 287 and 288 cm−1 as the growth time increased
to 20 and 30 minutes, respectively.

At the intermediate low frequency region the E2
high

mode at 437, 438, and 439 cm−1 is noticeable, respectively, in
samples prepared at growth times of 10, 20, and 30 minutes.
These peaks were found to be sharper as the growth time
was increased. This is an indication of O stoichiometry
completion for longer growth timewhereby Zn particles were
bonded toO to formZnONWs. Peaks 343, 338, and 340 cm−1
which has A

1

symmetry are observable, respectively, in ZnO
NWs prepared at growth times of 10, 20, and 30 minutes.
These modes are in good agreement with the difference
between E2

high and E2
low frequencies. However, 343 cm−1 was

observed to be broaden due to split up into 82 and 107 cm−1
frequency.

Peak at 380 cm−1 is observable only in ZnO NWs which
was prepared in 20 minutes. This peak reflects A

1

(TO)
mode measured to be in the room temperature Raman
scattering. This contradicted to Cusco et al. of spectrum that
has recorded the peak only at 80K of Raman scattering. A
broad band in region 500-600 cm−1 found to be diminished
as the growth time was increased from 10 to 30 minutes.
It is broadening with centered at 541 cm−1 for ZnO NWs
prepared at growth time of 10 minutes. This can be assigned
to A
1

symmetry and attributed to 2B1
low and LA overtones

along L, M, and H lines. As the broadening is diminished
relatively to the increased growth time, extra peaks at 564
and 578 cm−1 were noticed. As in Figure 6(b) only one extra
peak at 564 cm−1 is noticeable for ZnO NWs of 20 minutes
while two peaks at 564 and 578 cm−1 are detectable for
ZnO NWs prepared at growth time of 30 minutes. Peak
564 cm−1 can be revealed to nonresonance Raman scattering,
whereas 578 cm−1 which is close to A

1

(LO) mode has been
reported by Ye et al. [30] in resonance Raman spectra of ZnO
quantum dots. This peak in the proximity of A

1

(LO) was
assigned to surface optical modes predicted theoretically and
O vacancies, Zn interstitials, or combination of the two [31].

High frequency region from 820–1120 cm−1 has been
reported that formed by optical overtones and combinations

of TO and LO [32]. A weak peak at 1048 cm−1 which is
observable in ZnO NWs of 10 minutes can be assigned
TO+LO combination modes at the A and H points. As the
growth time was increased to 20 and 30 minutes the peak
has been shifted to right to 1051 cm−1. In sample ZnO NWs
of 30 minutes, the peak was found to be sharper with high
intensity. Additionally, a peak at 1075 and 1090 cm−1 only on
ZnO NWs of 20 and 30 minutes is noticeable. This peaks can
be assigned to be TO+LO combination modes at M and L
points. ZnO NWs of 20 and 30 minutes of growth time show
first order Raman absorption for the disordered bands D and
G. A weak shoulder band D at 1358 and 1337 cm−1 was found
in sample prepared at growth times of 20 and 30 minutes,
respectively. The G band appeared to be broader compared
to the D band. The G bands around 1589 and 1575 cm−1 are
observable, respectively, in ZnO NWs of 20 and 30 minutes.
As the growth time was increased from 20 to 30minutes both
the D and G bands were shifted to left.The presence of D and
G band clearly indicated the presence of graphitic carbon in
the sample. The C formed during the synthesis process was
due to C particles from methanol vapor.

3.5. TEM. The TEM images of the ZnO NWs are shown
in Figure 7. An assortment of nanostructures mainly NWs
and nanoplates is observable in Figure 7(a). High resolution
imaging of a selected NW in Figure 7(a), shown here in
Figure 7(b), revealed clear crystal lattice fringes and the esti-
mated distance between adjacent lattice planes was 0.26 nm.
This corresponded to the (0002) plane which indicated that
the selected ZnO NWs were grown in the c-axis direction.

3.6. Growth Mechanism. A series of chemical mechanisms
were proposed based on various outcomes that have been
established elsewhere [33]. The thermally heated CuZn alloy
has allowed only Zn atoms to escape as Zn vapors at tempera-
tures greater than 395∘C which then condensed into Zn solid
on Si substrate. Here the presence of Ar environment believed
has played an important role in changing the morphology
of Zn film from large boundary to nanosized grain [34]. We
also believe that the presence of Ar at 100 sccm in the isolated
system thermodynamically has rearranged and reduced the
crystallite size of hexagonal ZnO

ZnCu (solid brass)
>395

∘C
→ Zn (vapor) →Zn film.

(2)

The growth of ZnO NWs in Figure 2 is obtained by
allowing methanol vapor as Ar was flowed at 100 sccm
through the mixture of methanol and acetone solution via
two-sided hollow CuZn. We believed that C, H, and O atoms
in methanol underwent a dehydrogenation process in the
presence of Cu (in CuZn alloy) at 300∘C.

CH
3

OH
(a)

Cu,300∘C
→ CH

3

O
(a) +H(a)

CH
3

O
(a)

Cu,300∘C
→ HCHO

(a) +H(a).

(3)
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Figure 7: TEM images of ZnO NWs (a) at low resolution and (b) at high resolution.

Growth like 
button 

mushroom in 
growth times of 

Growth like 
nanorods and NWs 

in growth times of 15 

Growth like 
nanoneedles in growth 
times of 25 and 30 min

and 20 min

15 and 10 min

5 min 10 min 15 min 20 min 25 min 30 min

Figure 8: Predicted time dependent growth mechanism for ZnO NWs as growth time varies from 5 to 30 minutes.

Based on that, Cu inCuZn has acted as an catalyst and has
oxidized the methanol vapor into an intermediate absorbable
methoxy species (CH

3

O(a)) and hydrogen atom (H
(a)) [35].

The CH
3

O(a) is thermodynamically unstable and was readily
converted to formaldehyde (HCHO) by releasing a H

(a). The
higher bond energy of C=O in HCHO is thermodynamically
unfavorable and the polarity of carbonyl group and its high
basicity lowered the transition state energy of activation
and therefore results in faster rate of reaction with readily
presence species [36]. So the chemically unstable HCHO
vapor easily reacts with Zn vapor or Zn atoms to that which
have been thermally evaporated at temperatures above 395∘C
to form hexagonal ZnONWs. Besides that, further oxidation
of HCHO to HCOOH is not predicted due to O

2

absence
environment.

Apart from this, C–O bond in CH
3

O(a) was readily
cleaved by Zn vapors [37]. Coadsorption of O

(a) and Zn
(a)

appeared to give rise to reactive oxygen ions (O2−) and Zn
ions (Zn2+) on the Si substrate. Thus Zn2+ ionically bonds
with O2− to form ZnO nanostructures

CH
3

O
(a) → O

(a) + CH3
(a)

O
(a) + 2e

−

→ O2−

Zn
(a) +O

2−

→ ZnO (nanowires) .
(4)

Based on the results and images of ZnO NWs prepared
at different growth time of 5–30 minutes in steps of 5
minutes depicts controversial growth mechanisms that have
not been reported elsewhere. Figure 8 shows an illustration
of proposed growth mechanism. Structural transformation
during the time-dependent growth of ZnO NWs has been
taken into account. The shape has changed from button
mushroom to NWs/nanorods and to nanoneedles as the
growth time was increased from 5 minutes to 30 minutes.
At growth time of 20 minutes growth of nanoneedles from
a base of ∼150 nm diameter of ZnO is noticeable. A ZnO
nanostring seems to be connected between the nanoneedle
and ZnO flakes. At the growth time of 30 minutes formation
of nanoneedles was observed to be in a cone shape.

4. Conclusion

VPT of methanol and thermal evaporation of CuZn assisted
with hotwire is a feasible technique that can be utilized in
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synthesizing hexagonal ZnO NWs in the laboratory. ZnO
NWs in hexagonal shape is produced with crystalline size
of 23.6 nm for growth time of 5 minutes. Formation of ZnO
nanostrings and NWs was confirmed as the growth time
was increased to 25 and 30 minutes. Calculated crystalline
size shows independency on increased growth time where
a drop in crystalline size after 25 minutes of growth period
is noticeable. Although the intensity in the PL profile is
inversely proportional to increased growth time VZn

2− is
likely a contributor in the green emission region. Yellow
emission region related recombination of donors to H+
defects sides. Blue region around 460 nm (2.70 eV) confirmed
presence of complexes of Zni. Raman peaks also confirmed
decoration of the wall of ZnO NWs with C particles from
methanol. Interlattice spacing of 0.26 nm showed growth of
ZnO NWs in (0002) direction.

In future studies the ZnO NWs produced using other
aliphatic alcohols can be considered promising material in
future applications. This is due to possible functionalization
on ZnO NWs using C source materials.
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