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ZnO nanorods and nanoflowers were synthesized by a hydrothermal method via different surface substrate positions at 120°C for
3 h as a growth time. The influence of seed layer surface position on the growth of ZnO nanostructures was observed by the
variation of ZnO morphologies from nanorods to nanoflowers. Both analyses XRD and EDS proved the pure wurtzite phase
with high crystallinity quality and preferential growth along the c-axis. As displayed from the scanning of surface morphology
through SEM, a large amount of ZnO nanorods and nanoflowers were deposited on the full substrate surface. Diverse ZnO
photocatalysts were used to study the photodegradation of Methylene Blue (MB) dye by UV light. The organic dye MB was
decolorized by the most efficient photocatalyst among the ZnO-tested nanostructures. The results showed an improvement of
the degradability of this dye from 54% to 81% for ZnO nanoflowers compared to nanorods. Thus, ZnO nanoflowers are the best
photocatalyst which have the high efficiency photodegradation and the large rate constant.

1. Introduction

One-dimensional (1D) ZnO nanostructured semiconductor
photocatalysts have received in recent years an enormous
attention because of their wide-spread applications in envi-
ronmental treatment [1]. These ZnO photocatalysts have a
high efficiency for the degradation of toxic organic pollut-
ants. Zinc oxide as a II-IV semiconductor with a wide band
gap (3.37 eV) and a large exciton binding energy (60meV)
is considered as a promising material for purification and dis-
infection of water and air. ZnO as a photocatalyst was con-
sumed extensively for the photodegradation of organic dyes
[2–4]. Nanostructured ZnO has been synthesized in various
morphologies like nanowires, nanorods, nanobelts, nanonee-
dles, and nanoflowers which have enticed a significant inter-
est owing to their promising applications such as gas sensing
[5], light-emitting diodes (LEDs) [6], antibacterial agent [7],
solar cells [8, 9], and photocatalysis [10, 11].

The photocatalysis activity was effectuated through two
mechanisms: the oxidation and reduction reaction in the
presence of photocatalyst. Generally, in this process, the
photogenerated holes which have a high oxidation power in
the valence band (VB) and photogenerated electrons in the
conduction band (CB) which have sufficient reduction power
are necessary for efficient photocatalytic reactions. The fun-
damental processes of the photocatalysis activity of Methy-
lene Blue (MB) dye can be understood as follows. The first
stage involves adsorption of MB onto the ZnO nanostruc-
tures. Irradiation with UV light or sunlight leads to the gen-
eration of electron– hole (e−–h+) pairs in ZnO. The electrons
(e−) in the conduction band of ZnO react with oxygen mol-
ecules adsorbed on ZnO to form superoxide anion radicals
(⋅O2

−). The holes (h+) generated in the valence band of
ZnO interact with surface hydroxy groups to produce highly
reactive hydroxyl (⋅OH) radicals. The photogenerated holes
can perform to the production of ⋅OH radicals through the
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dissociation of water. The superoxide radicals (⋅O2
−) and

highly reactive hydroxyl radicals (⋅OH) react with MB
adsorbed on ZnO nanostructures and lead to the degradation
of MB.

Newly, several approaches were developed for synthesis
of ZnO nanomaterials as well as vapor-phase transport [12],
chemical vapor deposition [13], magnetron sputtering [14],
pulsed laser deposition [15], wet chemical method [16], and
hydrothermal processing [10, 17, 18]. The hydrothermal
method is one of the vastest ways for growth of ZnO nano-
structures compared with other methods. This process is a
very promising method for fabricating ideal nanostructures
with special and different morphologies. Hydrothermal syn-
thesis has gained numerous interest from scientists in general
and chemists in particular for its operational simplicity, low
cost, low temperature, high yield, and scalable process.

ZnO nanostructures have also tested different pollut-
ants other than the Methylene Blue by various researches.
Fan et al. [10] fabricated ZnO nanoflowers on Si substrate
by the hydrothermal method at 70 and 80°C for 70min, and
the photocatalysis activity of Rhodamine dye with a concen-
tration of 5mg/l by ZnO nanoflowers/Si was investigated.
The photodegradation efficiency after 3 h of irradiation time
was found 42% and 52% for ZnO nanoflowers at 70 and
80°C, respectively.

Kuriakose et al. [16] synthesized flower-like ZnO nano-
structures at 60°C for 3 h with different concentrations of zinc
acetate 0.02, 0.05, and 0.1M for preparing three samples S1,
S2, and S3. The photodegradation of Methylene Blue by these
photocatalysts was studied with a concentration of 22.4μM
while the efficiency of each sample was achieved 97.8%,
99.6%, and 66.8% for S1, S2, and S3, respectively, after
60min of sunlight exposure.

Habba et al. [18] studied the photocatalytic activity of the
ZnO NWs of Methylene Blue (MB), Methyl Orange (MO),
and Azorubine (acid red 14—AR14) with concentration of
10μM for each dye. The undoped ZnO NWs and Fe-doped
NWs were synthesized at 95°C and for 4 h by the hydrother-
mal process. The degradation rate of ZnO NWs and ZnO:1%
Fe NWs, respectively, was found 49%-69% for MO, 86%-95%
for MB, and 93%-98% for AR14 after 3 h of illumination.

Furthermore, an X-ray diffraction analysis showed that
both ZnO nanostructures obtained by [10, 16] have a hexag-
onal wurtzite phase without any impurity observed. Several
researches indicate the hexagonal wurtzite structure of ZnO
nanomaterials. Sun et al. [15] deposited ZnO nanorods on
Si substrate at 600°C, and the XRD analysis exhibits that
well-aligned ZnO nanorods have a hexagonal wurtzite struc-
ture with high c-axis aligned. Lepot et al. [17] prepared ZnO
nanorods at 80°C for 48 h. Also, they assigned a hexagonal
wurtzite type as a crystal structure for the ZnO nanorods
obtained, and no intermediate Zn(OH)2 peaks were detected.
That means the high purity and good crystallinity of the ZnO
nanorods fabricated.

In this paper, porous layers of ZnO nanostructures like
nanorods and nanoflowers were deposited on glass sub-
strate and used as photocatalysts to remove the organic
contaminants. The preparation of ZnO nanorods and nano-
flowers over different seed layer positions was done by the

hydrothermal method, and their photocatalyst application
was studied. The crystalline structure of the ZnO nano-
structures acquired was characterized, and the formation
mechanism of ZnO nanoflowers was discussed. Further-
more, the photocatalytic achievements of ZnO nanorods
and nanoflowers were tested, and the photodegradation of
organic dye was investigated.

2. Experimental Procedure

2.1. Synthesis of ZnO Seeds. The seed layers were deposited on
soda lime glass substrate by a Radiofrequency Sputtering
(RFS) Nanovak NVTS 400 vacuum system. The ZnO thin
films were prepared, as seed layers via RF sputtering, by
means of a target of ZnO. The pressure, Argon gas flow,
and the power as conditions of deposition were mentioned
as 8mToor, 40W, and 5.5 sccm, respectively. At room tem-
perature (27°C) and for 120min, the soda lime glasses were
coated with 200 nm thickness of ZnO thin films.

2.2. Growth of ZnO Nanostructures. In order to synthesize
ZnO nanorods and nanoflowers, an aqueous solution was
prepared with a 2.1M of sodium hydroxide NaOH (99.99%
Sigma-Aldrich) and 0.15M of zinc nitrate Zn(NO3). 6H2O
(99.99% Sigma-Aldrich) were dissolved in deionized water
(pH = 6:8). The growth solution was transformed to three
Teflon Lined Sealed Stainless Steel Autoclaves, and the seeds
deposited by RF sputtering were immersed in this solution
with three different positions: slanted, surface up, and surface
down. The ZnO nanostructures were grown over seeds in an
oven at 120°C for 3 h as deposition time. After this process,
the ZnO nanorods and nanoflowers obtained were removed
from the solution after cooling, rinsed with deionized water,
and dried in air at 60°C. The schema of the ZnO nanorod and
nanoflower formation is illustrated in Figure 1.

2.3. Photocatalysis Process. To investigate the photocatalytic
activity, of Methylene Blue (C16H18ClN3S) with a concentra-
tion of 2mg/l, ZnO nanostructures were formed at various
substrate surfaces through the hydrothermal method. The
ZnO nanorods and nanoflowers prepared were dipped in
the solution of MB and irradiated with UV light source of
λ = 254 nm. To estimate the photocatalysis activities of
ZnO nanostructures, ZnO nanorods/glasses and ZnO nano-
flowers/glasses were immersed into 30ml Methylene Blue
(MB) aqueous solution. Then, 3ml reaction samples were
retired periodically for UV-vis analysis. The removal of
MB dye was analyzed by following the absorbance variation
of the peak at 664 nm after every 60min for 300min.

The as-product ZnO nanostructures were performed
by an X-ray diffraction diffractometer. The chemical com-
position (EDS) and the surface morphology of these ZnO
nanorods and nanoflowers were characterized via the
energy-dispersive X-ray spectrometer and scanning elec-
tron microscopy (SEM). The optical properties and the
photocatalytic measurement of ZnO nanostructures were
analyzed by UV-visible spectroscopy.
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Figure 1: Schema of the ZnO nanorod and nanoflower formation: (a) soda lime glass substrate; (b) seed layer of ZnO by RF sputtering; (c)
growth solution of NaOH and Zn(NO3). 6H2O in Teflon Lined Sealed Stainless Steel Autoclaves with (C1) substrate slanted, (C2) surface
down, and (C3) surface up; (d) ZnO nanoflower and nanorod growth at 120°C for 3 h.
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Figure 2: XRD pattern of ZnO nanostructures: (a) surface down nanorods, (b) surface up nanorods, and (c) surface slanted nanoflowers.
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Figure 3: SEM images of ZnO nanorods (a, b; c, d) and nanoflowers (e, f) at low and high magnifications.
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3. Results and Discussion

Figure 2 shows the XRD pattern of ZnO nanorods
(Figures 2(a) and 2(b)) and nanoflower (Figure 2(c)) synthe-
sis via different seed layer substrate positions at 120°C for 3 h
((a) substrate surface up, (b) substrate surface down, and (c)
substrate slanted). As can be seen, all diffracted peaks
indexed the hexagonal wurtzite structure of ZnO with space
group P63mc and the lattice constants: a = 0:3249 nm, c =
0:5206 nm according to JCPDS: 36-1451. No additional
peaks of Zn(OH)2 were detected in the XRD pattern which
means the formation of pure ZnO phase with high quality
and impurity-free. The ZnO nanorods and nanoflowers show
higher intensity of (002) peak which indicated that the pref-
erential growth of rods and flowers is in the c-axis orientation
[19]. As observed, in ZnO nanostructures synthesized with
various substrate positions, there is an appearance of peaks

such as (004) and (202) for ZnO nanoflowers (Figure 2(c))
and disappearance of peaks (100), (102), (200), (201), (004),
and (202) for ZnO nanorods (Figure 2(a)). Moreover, a
sharp, strong, and dominant peak at 34.59° confirms that
the as-grown nanorods are single-crystalline with a wurtzite
hexagonal phase and grown along the [0 0 0 1] direction.
However, the well-aligned ZnO nanorods indicated that the
rods are aligned vertically on substrate.

The surface morphology of ZnO nanostructures synthe-
sized by the hydrothermal method with different substrate
positions at 120°C and 3h as a growth time was characterized
by SEM and illustrated in Figure 3. Figures 3(a)–3(f) exhibit
SEM images of ZnO nanorods and nanoflowers at low and
high magnifications. As offered below in Figure 3, the surface
substrate position has a great effect on the growth of ZnO
nanostructures. Figures 3(a) and 3(b) exposed that the grown
products are hexagonal nanorods and are vertically aligned
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Figure 4: A typical EDS spectrum of ZnO nanoflowers.
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Figure 5: UV-vis absorption spectra of the degradation of MB dye solution in contact with ZnO: (a, b) nanorods; (c) nanoflowers.
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to the substrate. It is very clearly seen from these images that
the aligned hexagonal-shaped ZnO nanorods are grown onto
the whole substrate surface in a high density.

The well-defined and perfect hexagonal faceted mor-
phologies of the as-grown ZnO nanorods indicated that the
synthesized products are single-crystalline with the wurtzite
hexagonal phase (Figure 3(b)). The nanorods obtained
(Figure 3(b)), with the surface down, have a hexagonal shape
with different sizes of diameters which confirmed the XRD
results. The measured diameters of the as-synthesized nano-
rods are ranged between 133.8 nm and 146.9 nm. Figures 3(c)
and 3(d) indicated that ZnO nanorods were grown conse-
quently of the slanted position of the seed layer substrate in
low and high magnifications. As displayed, a high density
of ZnO nanorods was formed on the full surface substrate
as illustrated in Figure 3(c).

Figures 3(e) and 3(f) show that flower-like ZnO nano-
structures were distributed on surface glass substrate for both
magnifications low and high. From Figures 3(e) and 3(f), the
growth of ZnO nanoflowers has a large-scale fabrication on
the total surface of substrate. The process of growth of ZnO
nanoflowers is concerning the precipitation of Zn(OH)2
which is produced by the meeting of ions Zn2+ and OH- in
the solution. The formation of Zn(OH)4

2− ions has happened
by successively dissolving Zn(OH)2 in water. When the con-
centrations of Zn(OH)4

2− ions exceeded the critical value,
ZnO nanoflowers were developed, and the relevant chemical
reactions can be written as follows [20, 21]:

Zn2+ + 2OH→ Zn OHð Þ2 ð1Þ

Zn OHð Þ2 + 2OH− → Zn OHð Þ42− ð2Þ

Zn OHð Þ42− → ZnO +HO + 2OH− ð3Þ

Figure 4 illustrated the typical EDS spectrum of ZnO
nanoflowers which indicate that the synthesized products
are composed of zinc and oxygen only. The EDS analysis
affirms the formation of a pure ZnO phase which was in well
agreement with the XRD results (Figure 2(c)).

The photocatalysis achievement was investigated by
means of ZnO nanostructures for the applicability in photo-
degradation of organic dyes like Methylene Blue (MB).
Figures 5(a)–5(c) show the photocatalytic performances of
ZnO nanorods and nanoflowers. The variance of absorbance
spectra of Methylene Blue solution under UV light irradiation
with different ZnO nanostructures was carried out in the
wavelength region between 500nm and 700nm. As men-
tioned, the absorption peak intensity is indicated as the signa-
ture of the dye degradation. As can be seen, the absorbance
intensities decrease gradually with the increase of irradiation
time from 0 to 300min. Consequently, the photodegradation
is very considerable when the solution ofMB is in contact with
ZnO nanoflowers then with ZnO nanorods that is indicating
the successful reduction of ZnO nanoflowers.

For more understanding of photodegradation kinetics and
the influence of seed layer position of ZnO nanostructures, we
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Figure 6: Photodegradation kinetic of MB dye by ZnO
nanostructures.
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Figure 7: The photodegradation efficiency of MB dye by using ZnO
nanorods and nanoflowers as photocatalysts.

Table 1: Reaction rate constant and photodegradation efficiency of
various photocatalysts of ZnO.

ZnO
nanostructures

Irradiation
time (min)

Rate
constant
K ∗ 10‐4
(min-1)

Photodegradation
efficiency, η (%)

ZnO NRs 1 300 24.9 54

ZnO NRs 2 300 28.6 66

ZnO NFs 300 50.8 81

6 Journal of Nanomaterials



have monitored the variation of the intensity of the absorp-
tion located at 664 nm. Figure 6 exhibits the variation of the
ratio C/C0 of the as-growth ZnO nanorods and nanoflowers,
where C is the relative concentration at time t and C0 is the
initial relative concentration. As shown in Figure 6, the
photodegradation kinetic of MB dye is reduced rapidly with
increasing irradiation times for ZnO nanoflowers. However,
the ratio is reduced slightly for both nanostructure samples:
ZnO NRs 1 and 2. Furthermore, this ratio C/C0 reaches
0.19, 0.34, and 0.44 after 300 minutes of irradiation for
ZnO NFs and ZnO NRs 1 and 2, respectively.

The rate constant K was calculated by using the pseudo
first-order kinetic law which can be defined as [22]

−Ln C
C0

� �
= kt: ð4Þ

The photocatalytic degradation efficiency of MB was
computed by the following formula:

η %ð Þ = C0 − C
C0

: ð5Þ

Figure 7 displays the photodegradation efficiency of
Methylene Blue for all photocatalysts. The highest photo-
catalytic degradation efficiency was achieved at 81% by
ZnO nanoflowers with the larger rate constant K = 50:8 ×
10‐4 min-1 for 300min irradiation time. However, ZnO NRs
1 and ZnO NRs 2 as photocatalysts could degrade only 54%
and 66% of MB during the same time of irradiation, respec-
tively. The rate constant K for both nanostructures like rods
was found 24:9 × 10‐4 min-1 and 28:6 × 10‐4 min-1 for ZnO
NRs 1 and 2, respectively. As a result, ZnO nanoflowers are
very suitable photocatalyst for organic dye photodegradation
(MB). The efficiency and rate constant of each photocatalyst
after 300min of UV light exposure are given in Table 1.

The discrepancy in the photocatalytic activity of ZnO
photocatalysts may found explication in the difference
between their nanostructures. The porous structure, gap
energy, lifetime of electron-hole pairs, and ⋅OH radical con-

centration are fundamental parameters to ameliorate the
efficiency of photocatalyst [23]. The migration of free
charges to the surface of photocatalyst without recombining
can participate in several oxidation and reduction reactions
with adsorbed species such as oxygen, water, and other
organic species by generating the hydroxyl radicals (⋅OH)
which possess a high oxidation power. All reactions of the
photocatalytic mechanism can be summarized by the follow-
ing equations and Figure 8:

ZnO + hv→ e−CB + h+VB ð6Þ

e− + O2 → ⋅O2
− ð7Þ

h+ + OH− → ⋅OH ð8Þ
h+ + H2O→H++⋅OH ð9Þ

⋅OH +MB dyeð Þ→ degradation products ð10Þ
⋅O2

− +MB dyeð Þ→ degradation products ð11Þ
Generally, nanostructured films such as nanowires,

nanobelts, and nanorods are recommended for humidity
gas sensing, photocatalysis, and antibacterial activity due to
the large specific surface [24–30] and to their high surface
to volume ratio [31]. It has been demonstrated that photo-
generated carrier recombination in ZnO, which is faster than
the redox reactions involved in the photocatalysis process
[32], hinders the photocatalytic activity [33]. Recently, mate-
rial with a large surface to volume ratio such as nanostruc-
tured ZnO has achieved higher photocatalytic activity due
to the large charge transfer in an open or porous structure
[34, 35]. Thereafter, the enhancement in the photogenerated
carriers from ZnO to liquid in a porous structure may
explain the observed large photocatalytic efficiency in ZnO
nanoflowers compared with ZnO nanorods.

4. Conclusion

ZnO nanorods and nanoflowers were successfully prepared
by the hydrothermal method, and the enhancement in
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Figure 8: Schematic diagram describing the photocatalysis mechanisms of ZnO nanostructures.
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photocatalysis efficiency of nanostructures was investigated.
The XRD pattern exhibits that ZnO nanorods and nano-
flowers have a wurtzite structure with the preferential growth
of rods and flowers along the c-axis. The SEM images indi-
cated the full growth of both nanostructures on glass sub-
strate with high density. ZnO nanorod precipitations are
well-aligned and have a hexagonal shape. The measured
diameter of few hexagonal ZnO nanorods was found about
133.8 nm and 146.9 nm. The EDS analysis of ZnO nano-
flowers shows the pure ZnO phase without any impurity.
Moreover, the photodegradation efficiency of MB by ZnO
nanostructures achieved 54%, 66%, and 81% for ZnO nano-
rods 1 and 2 and ZnO nanoflowers, respectively. The results
obtained indicate that the surface position of seed layers can
effectively modify the morphology of ZnO nanostructures,
leading to the improvement of their photocatalytic perfor-
mance. So, these ZnO nanoflowers are extremely significant
for treatment of water.
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