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Abstract

Metal oxides particularly for zinc oxide (ZnO) particles are well-known to exhibit photocatalytic activities. However, the
specific morphology and superstructure of nanomaterials can significantly influence this capacity. Here, it is shown that dif-
ferent crystalline structures of ZnO particles are provided by a facile one-step wet-chemical route. One possible formation
mechanism has been elucidated for the fabrication of distinct metal oxide samples including flower-like, sphere-like and
leaf-like ZnO under different synthesis conditions. It is also found that the photodegradative performance for organic dye is
directly correlated to the morphological properties of these as-prepared catalysts; the higher the active surface area the better
is the photocatalytic efficiency. Not only can ZnO structure with abundant mesoporous aggregated by leaf-shape arrays lead
to more methylene blue immobilization, but also generate more photoinduced electrons and holes on the crystalline surface.
The results also illustrate that the morphology-dependent catalytic performance can be further improved combining with
other optimized photodegradative conditions (e.g. pH, illumination mode). The present study can lead to new metal oxide

with high-performance important for photocatalytic and environmental applications.
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Introduction

Undoubtedly, water pollution exacerbates in the recent past,
usually resulting by human activities. As major sources of
water pollution, various synthetic dyes are commonly essen-
tial to many industrial process, especially textile, plastics,
leather goods and food industries (Ratna 2012; Sonderegger
et al. 2015). However, unpleasant effluent is often occurred
by the discharge of inadequately treated wastewater into nat-
ural bodies of water, which in turn damages public health
and the natural biological communities. Accordingly, it is
crucial to prevent and purify water from such organic dye
contamination. Nowadays, sewage disposal can be achieved
by some appropriate methods, such as coagulation or adsorp-
tion treatment (Ali 2014; Allegre et al. 2004; Nguyen et al.
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2012). Nevertheless, these procedures are usually limited by
failure for the transformation of hazardous pollutants into the
innocuous substances, and most are energy or/and cost inten-
sive (Hegab and Zou 2015; Zhao et al. 2015). Therefore,
the development of some cost-effective and environment-
friendly techniques for the degradation of these refractory
and toxic chemicals in water have drawn a lot of attention in
the near future. Comfortingly, photocatalytic technology has
broadened the way of sewage treatment, which is character-
ized by low cost, satisfied energy consumption and sustain-
able use. As for photocatalysis with high performance, it is
significant to choose suitable material for the degradation
of organic pollutants.

As a well-known metal oxide, zinc oxide (ZnO) is near
to an ideal candidate and has received much attention for
practical applications on environmental issues in the past
few years. As a vitally important semiconductor material,
Zn0 is characterized by a wide band gap (~3.37 eV) as well
as a large exciton binding energy (60 meV) at room tem-
perature. And a large amount of native defect sites existed
in the surface of ZnO can further endow the particle with a
high photosensitivity (Arfaoui et al. 2017; Hernandez et al.
2015). ZnO performs comparatively higher reaction rate and
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can produce reactive oxygen ions more efficiently than tita-
nium oxide (TiO,) (Carraway et al. 1994). ZnO has emerged
to be a promising alternative to TiO, due to its excellent
optoelectronic, catalytic and photochemical activities along
with its low cost (Du et al. 2013; Li et al. 2010). In addition
to the advantages of multiple preparation procedures and
good biocompatibility, ZnO can also be used in the acidic
or alkaline conditions through the proper treatment (Assadi
et al. 2012). Consequently, ZnO has been often considered to
be an efficient photocatalyst agent for applications of waste-
water purity and environmental restoration.

On the other hand, ZnO particles have a more diverse
and complex morphological structures than TiO,. Obviously,
the specific morphologies and structures of these nanopar-
ticles should play a significant role during the process of
photocatalytic degradation. So far, a variety of strategies
including physical, chemical and biological routes have
been developed to fabricate ZnO particles with well-defined
morphological characteristics (Ali et al. 2017; Anas et al.
2015; Chuang et al. 2017). Aggregates composed of these
above mentioned basic shape nanoparticles have also been
obtained. Nowadays, some scientists make effort to develop
ZnO-based photocatalysts to purify industrial effluent and
environmental remediation (Hong et al. 2016; Xue et al.
2015). However, the correlation between crystalline mor-
phology and its catalytical performance has not been inves-
tigated extensively so far. There is poorly information about
the morphological effect of metal oxides on organic pollut-
ants degradation in water. Apparently, for targeted acquire-
ment of efficient sewage disposal agent, it is essential to fully
elucidate the effect of material’s morphology and structure
on the photocatalytic performance of metal oxide. Herein,
fabrication of ZnO particles with three kinds of morphology
was conducted by employing a facile one-step wet-chemical
strategy. Material characterization and formation mechanism
for as-prepared ZnO samples were then elucidated and the
dependence of the photocatalytic efficiency on crystalline
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Fig. 1 Fabrication of distinct
zinc oxide samples under differ-
ent synthetic conditions
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morphology and superstructure was also discussed in detail.
Moreover, this study also propose how to improve the pho-
todegradative efficiency of these ZnO catalysts.

Materials and methods
Preparation of ZnO particles

Zinc sulfate heptahydrate (ZnSO,-7(H,0)), sodium hydrox-
ide (NaOH), citric acid monohydrate (CA, CcHgO,-H,0) and
methylene blue (MB, C,cH;3CIN;S) were obtained from
Chengdu Chemical Reagent Co.Ltd in China. These chemi-
cal reagents were of analytical grade and implemented with-
out further purification. In a typical wet-chemical procedure
(seen Fig. 1), 35 mL of NaOH solution (4 mol/L) was added
dropwise into 50 mL of zinc sulfate heptahydrate solution
(1 mol/L) under vigorous stirring at 4 °C. For ZnO sample
A, additional deionized water was then added to the above
mentioned reaction system to obtain 100 mL of precursor.
The precursor was subsequently heated to 90 °C for 2 h.
For ZnO sample B, a certain volumes of CA solution and
deionized water were, respectively, added to the reaction
system to obtain a precursor mixture containing 0.32 mol/L
CA. And the following reaction conditions were consistent
with the preparation of A-ZnO sample. In addition, no CA
solution is needed for the synthesis of ZnO sample C and
its reaction precursor is the same as A-ZnO sample. But the
difference is that the precursor was heated to 60 °C for 2 h.
Finally, three nanosized ZnO samples in white color with
different microstructures were obtained after filtration and
vacuum drying as shown in Fig. 1.

Material characterization

The crystal properties of the prepared ZnO samples were first
determined with a Rigaku D/Max-2400 X-ray diffractometer

aqueous solution
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(XRD, Rigaku, Japan). Morphology and superstructure of
ZnO particles were then evaluated by a SU-3500 scan-
ning electron microscopy (SEM, Hitachi, Japan) and a FEI
Tecnai G2-F30 transmission electron microscopy (TEM,
FEI, USA). The Brunauer—-Emmett-Teller gas sorptometry
study was next operated by N, adsorption and desorption
at 77 K in a model ASAP 2020 Plus HD88 specific surface
and porosity analyzer (BET, Micromeritics, USA). And the
Barrett—Joyner—Halenda (BJH) approach supported by the
desorption branch of the N, isotherm was applied to evalu-
ate the corresponding pore size distribution and total pore
volume.

Detection of photocatalytic activity

To estimate the morphology-related photocatalytic activity
for ZnO crystals, methylene blue (MB) was chosen as the
model organic dye under different reaction conditions. All
photocatalytic tests were carried out in a photocatalytic reac-
tor system, consisting of an aqueous MB solution (10 mg/L,
80 mL) and a proper amount of the specific ZnO sample. In
all photodegradation experiments, the final concentration of
the obtained ZnO suspension was controlled at 0.05 wt%.
The photocatalytic degradation of MB by ZnO material fol-
lowing the above mentioned reactor system was evaluated
under multiple irradiation modes, including natural solar
(600-1000 W/cm? real sunlight) and ultraviolet (UV) illu-
mination (250 W mercury lamp of 4,,,, =365 nm), respec-
tively. Before photocatalytic evaluation, the reaction mixture
containing MB solution and ZnO particles was first magneti-
cally stirred in the dark for 30 min to achieve a complete
adsorption_desorption equilibrium for both reactants. The
suspension was then directly exposed to illumination and
a certain volume of the reaction solution was collected at
definite time intervals. Prior to UV—-Vis adsorption study, the
suspension was first centrifuged to separate the catalyst and
the dye solution. The absorption spectrum of the MB aque-
ous solution was recorded with UV-Vis spectrophotometer
in the range of 200-800 nm. Similarly, the blank control
group was established for all photocatalytic experiments
in this work. The photocatalytic efficiency (%) for catalyst-
degraded organic dye was estimated in terms of alterations
in absorption value of the MB aqueous solution (Das et al.
2017).

Results and discussions
Characterizations of the synthesized ZnO samples
The phase compositions of as-prepared ZnO powder were

first confirmed by X-ray diffraction (XRD). As shown in
Fig. 2, the diffraction peaks of all prepared metal oxide
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Fig.2 X-ray diffraction patterns of as-synsthesis ZnO samples

samples are sharp and intense, proving they possess highly
crystalline nature.

XRD patterns of these ZnO crystals present almost the
same diffraction peaks at around 31.8°, 34.4°, 36.3°, 47.5°,
56.6°,62.9°, 66.4°, 68.0° and 69.1°, corresponding to (100),
(002), (101), (102), (110), (103), (200), (112) and (201) of
the hexagonal wurtzite planes of ZnO (JCPDS card num-
ber: 36-1451), respectively (Hong et al. 2016). These results
indicate that the obtained ZnO samples are all characterized
by a polycrystalline hexagonal wurtzite structure. Since no
other diffraction peaks were found in all patterns, it can be
proved that there is no secondary phase existed in these crys-
talline samples. However, due to the adsorption of the reac-
tion substrates (e.g. zinc sulfate heptahydrate or citric acid
monohydrate) on the surface of particles, some certain impu-
rities inevitably present in these ZnO powder obtained by
precipitation method. On the other hand, by comparing the
half-width of these crystal peaks as demonstrated in XRD
results, the crystal size order of the three ZnO particles is
A-ZnO> C-ZnO > B-ZnO.

The general morphologies of as-prepared diverse ZnO
particles are depicted by SEM as shown in Fig. 3. For
sample A, the prepared ZnO particle was characterized by
well-defined flower-like appearance with approximately
3.36 um in average particle size (Fig. 3a). From the high
magnification image, it is found that A-ZnO has a branchy
structure that consists of many hexagonal prisms with a tip
end (Fig. 3d). With the addition of 320 mmol/L CA, ZnO
particle transformed from the branchy structure to a porous
microsphere with an average diameter of 2.14 um (Fig. 3b).
The magnified image of the microsphere indicated that
B-ZnO has an uneven and rough surface (Fig. 3e). After
the change of the preparation condition (no CA adding and
reduction of reaction temperature), the irregular stacking
pattern began to exist in sample C (Fig. 3c). The enlarged
SEM micrographs showed that C-ZnO was composed of
leaf-like superstructures (Fig. 3f).
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Fig.3 SEM and TEM images of ZnO particles with different magnifications, including (a, b, g) flower-like A-ZnO, (b, e, h) sphere-like B-ZnO

and (c, f, i) leaf-like C-ZnO

The crystallite structures of diverse ZnO particles were
further determined through TEM (Fig. 3g—i). Figure 3G
shows that A-ZnO product is constructed from nano-fusi-
form emerged from the centers to form flower-like particle
and the TEM observation (Fig. 3g) was in good agreement
with the SEM results (Fig. 3a, d). Figure 3h shows that the
porous microsphere of B-ZnO has jagged edges with an
inhomogeneous color. This TEM projection (Fig. 3h) is con-
sistent with that of the SEM observation (Fig. 3e) wherein
the porous structure is characterized by the uneven and
rough surface. It is also found that the hydrothermal reac-
tion temperature play a vital role in the morphology of the
as-obtained ZnO hierarchical structures. With the decreasing
the hydrothermal reaction temperature from 90 to 60 °C, a
large number of flower-like structures as shown in A-ZnO
disappear. Comparison of the ZnO sample images in Fig. 3
indicates that the color of TEM image (Fig. 3i) for C-ZnO
particle is homogeneous and much shallower than other ZnO
samples (Fig. 3g, h). By combing SEM results, the prepared
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C-ZnO particles should possess a typical mesoporous struc-
ture instead of a solid structure. Moreover, the HRTEM
detection for C-ZnO was also shown in Fig. 4a and the inter-
planar spacing was estimated to be 0.26 nm, corresponding
to the lattice distance of the (002) lattice plane of wurtzite
ZnO (Hui et al. 2016). The Energy Dispersive X-Ray Spec-
troscopy (EDS) spectrum in Fig. 4b further confirmed the
existence of oxygen and zinc elements in sample C, further
indicating that ZnO crystal was successfully obtained. The
weight percentage of two elements in C-ZnO is 70.32% for
zinc and 29.68% for oxygen, respectively.

To examine the surface nature of the prepared ZnO sam-
ples, BET gas sorptometry study was next carried out in
this work. Figure 5 represents the nitrogen adsorption—des-
orption isotherms and Barrett-Joyner-Halenda (BJH) pore
size distribution plots (inset in Fig. 5) determined from the
desorption branch of the N, isotherms for three ZnO sam-
ples. The obtained N, adsorption—desorption isotherms for
A-7ZnO (Fig. 5a) and B-ZnO (Fig. 5b) can be identified as
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Fig.4 High resolution transmission electron microscopy (HRTEM) detection (a) and energy dispersive X-Ray spectroscopy spectrum (b) of

leaf-like ZnO sample

type II IUPAC classification). But the adsorption amount
of B-ZnO is much higher than that of sample A. In addition,
the N, isotherm of C-ZnO basically corresponds to [IUPAC
type IV and has a hysteresis loop above P/Py=0.6. Thus,
the existence of mesoporous can be speculated in the leaf-
like architecture by the N, adsorption isotherm (Miao et al.
2016; Wang et al. 2014). Moreover, the pore size distribu-
tion, obtained from desorption data and evaluated from the
isotherm using the BJH model, revealed that the prepared
ZnO crystals contain different pore size. BJH adsorption
average pore size is 17.55 nm for C-ZnO, which is substan-
tially larger than that of the other two crystals (13.79 nm
for A-ZnO and 13.53 nm for B-ZnO, respectively). The
pore-size distribution curve (inset in Fig. 5a) indicated that
the small pores with characteristic peaks at 1.9 and 3.4 nm
in sample A. With the adding of citric acid (320 mmol/L),
the ZnO flower-like structure began to develop into a solid
sphere. And the position of the peaks for B-ZnO gradually
shifted to the larger pore width (inset in Fig. 5b). These
mesopores are presumably originated from the spaces among
the small nanocrystallites within ZnO particles (Cho et al.
2009; Wang et al. 2017). Nevertheless, the sharp distribution
of mesopores around 8.7 nm was obtained from the corre-
sponding pore size distribution curves (inset in Fig. 5¢). This
result could indicate that C-ZnO has high mono-dispersion
and possesses a number of macropores aggregated by leaf-
like superstructures. The tendency of the above observed
variations is in line with the difference in the overall pore
volume and surface area of as-synthesized ZnO samples.
BET results show that both leaf-like C-ZnO and sphere-like
B-ZnO have superior active surface areas (Sggy) that can
be calculated as 13.86 and 13.38 m%/g, respectively. Mean-
while, the single-point adsorption total volumes of pores at
P/P,=0.9896 are 0.0543 and 0.0623 cm®/g for above men-
tioned metal oxides, respectively. In contrast, the Sz and
the total pore volume sharply decrease in numerical value
(corresponding to 3.69 m*/g and 0.012 cm®/g, respectively)

for flower-like A-ZnO crystal. Obviously, the extremely high
surface area and large pore volume are relatively beneficial
to the catalytic efficiency.

Evaluation of ZnO-photocatalytic performance

The present work performs a simple hydrothermal approach
for the fabrication of ZnO particles with different hierarchi-
cal structures to evaluate their photocatalytic efficiency for
the degradation of MB dye under diverse irradiation condi-
tions at room temperature. For photocatalytic evaluation, as-
prepared ZnO samples were first chosen to degrade MB dye
under 250 W UV illumination in this work. The UV-visible
absorption spectra of MB solution as a function of irradia-
tion time and the rate of degradation in the process of photo-
degradation are demonstrated in Fig. 6. It needs to state that
the difference in absorption intensity of MB solution should
ascribe to normal variation in concentration due to fresh
preparation of the MB solution for each sample test. And
the characteristic absorbance of MB at 664 nm was chosen
to evaluate the photodegradation process. Meanwhile, the
alterations of MB dye color over the photocatalytic time are
also shown in the insets of Fig. 6a—c. All MB dye solution
in the presence of ZnO catalyst have similar experimental
phenomenon but different peak changes. Three ZnO samples
exhibit different performances toward organic dye photodeg-
radation mostly resulting from the crystalline morphology
and structure. In contrast, almost no degradation of blue dye
was occurred in the absence of ZnO powder under 250 W
UV irradiation as depicted in Fig. 6d.

Of these synthesized ZnO samples, A-ZnO may be not
conducive to the improvement of the photocatalytic effi-
ciency because the dye color hardly changes. Its degra-
dation rate is merely 32.68% within 80 min, as shown in
Fig. 7a. C-ZnO with leaf-like superstructure exhibits the
best photocatalytic performance and sphere-like B-ZnO is
in the second place. Under 250 W UV irradiation within
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Fig.5 Nitrogen adsorption—desorption isotherms and BJH desorption pore size distribution of different ZnO samples, including a flower —like A-ZnO, b sphere-like B-ZnO and ¢ leaf-like

C-ZnO, respectively

80 min, the degradation efficiency for MB was 83.51%
and 54.64% for both photocatalysts, respectively. Notice-
ably, MB can be completely degraded within 2.5 h under
catalytic action of C-ZnO powder. The differentiation of
MB photodegradation is more pronounced in Fig. 7b and
it shows the plots of the relative degradation (C/C) of dye
solution versus reaction time, in which C, and C represent
the initial level and time-dependent residual concentration
of MB solution, respectively. The self-degradation of MB
without the catalytic effect can be neglected as shown in
blank group, demonstrating that the degradation of the color
dyestuff is definitely caused by ZnO powder. The curves of
In (Cy/C) versus degradation time (Fig. 7c) are almost lin-
ear, suggesting that the photodegradation of MB dye with
ZnO catalyst followed the pseudo first-order reaction kinet-
ics (In(Cy/C)=kt). The photocatalytic efficiency of differ-
ent ZnO catalysts can be further quantitatively compared
via calculating reaction rate constant k values (Fig. 7c). It
can estimate that k values for three ZnO samples in terms
of flower, sphere and leaf-like superstructure are 0.0049,
0.010, and 0.0228 min~", respectively. Especially for leaf-
like C-ZnO hierarchical microstructure, it presents a much
higher kinetic constant for the MB degradation than ZnO
and some other photocatalysts reported elsewhere (Das et al.
2017; Mujtaba et al. 2015; Wang et al. 2017). For example,
Subhra et al. synthesized a hierarchical flower-like MnO,
nanocomposites and its pseudo first-order rate constant was
calculated to be 0.0168 min~! under UV irradiation (Das
et al. 2017). And the kinetic constant for the ZnO particles
with a porous flower-like structure in a recent study was
reported to be 0.0126 min~! (Wang et al. 2017). Herein, the
obtained results indicate that the stacking-lamellar structure
in our study is favorable for improving the degradation effi-
ciency of ZnO photocatalyst.

Besides, the photodegradation performance of MB for
C-ZnO photocatalyst under different treatments are con-
ducted as shown in Fig. 8. The corresponding rate con-
stants of the degradation reactions are further assessed
for UV and solar irradiation followed the pseudo-first-
order kinetic model. Results (illustrated in Fig. 8a, b)
indicate that C-ZnO sample possesses a significant higher
photo-reaction rate constant under 250 W UV irradia-
tion compared to the actual sunlight (0.0228 min~! vs.
0.0062 min~! for both k values). To ascertain the effect
of the amount of ZnO catalyst used and to avoid unnec-
essary excess photocatalyst, a series of detections were
conducted by varying the concentration of ZnO particles
(0.01-0.5%, wt%). The photodegradation efficiency of MB
as a function of irradiation time under 250 W UV treat-
ment was plotted in Fig. 8C. Obviously, the increasement
of the amount of photocatalyst ZnO should be beneficial
to the enhancement of the active sites which consequently
leads to enhanced production of reactive hydroxyl radicals
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Fig.6 UV-Vis spectra of MB solution upon photodegradation treated
by distinct ZnO materials under 250 W ultraviolet irradiation, includ-
ing a A-ZnO, b B-ZnO and ¢ C-ZnO and d blank control group

(OH"). Furthermore, the more the photocatalyst particles
used, the higher number of MB molecules adsorbed, thus
the faster the photocatalytic degradation proceeded (Fox
and Dulay 1993). In this study, the maximum of photodeg-
radation efficiency for MB was obtained at 0.1% of photo-
catalyst ZnO. On the other hand, when the addition of pho-
tocatalyst was used beyond optimum, the photodegradation

750

650 700

Wavelength (nm)

550 600 750

without the addition of ZnO particles. The above inset is the color
changes of MB solution upon photodegradation under different irra-
diation periods

efficiency began to decline with the further increasement
of ZnO particles. This can be attributed to the reduction
for the penetration of light through the solution that is usu-
ally caused by the increase in the turbidity of the solution.
This is known as light screening effect (Pardeshi and Patil
2008). Moreover, in such condition, a part of the photo-
catalyst particles may agglomerate and precipitate, which
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is thus unfavorable to the photodegradation (Konstantinou
and Albanis 2004).

In addition, it has been reported that pH is a significant
influential parameter for the degradation of organic sub-
stances (Lee et al. 2016). Thus, keeping other conditions
in the photocatalytic reaction system unchanged, the effect
of the initial pH value of the reaction system on the photo-
degradation efficiency of organic dye catalyzed by C-ZnO
was evaluated in this study and the corresponding results
are shown in Fig. 9. It is clear that the higher pH value in
the above reaction system for C-ZnO contributes to its faster
degradation under 250 W UV irradiation. When the pH
value of the implemented solution was adjusted to be 10.5
by alkali liquor, the photocatalytic degradation efficiency of
MB for leaf-like C-ZnO can reach 92.9%. And the color of
MB solution changed from blue to colorless within less than
20 min (Fig. 9), indicating that the alkaline condition may be
conducive to the photodegradation of organic pollutants for
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Irradiation time (min)

diation time for different ZnO catalysts. ¢ Photocatalytic degradation
kinetic curves of MB solution catalyzed by distinct ZnO particles.
The treatment in the absence of ZnO particles is served as blank con-
trol group

C-ZnO catalyst. This may be due to the fact that the change
of pH can affect the charge distribution on the surface of
nanoscale zinc oxide particles, which can further change the
number and migration rate of photogenerated electron—hole
pairs on the particle surface and ultimately affect the photo-
catalytic activity of ZnO (Abdollahi et al. 2011; Najam Khan
and Dutta 2015). Meanwhile, for the control group without
the addition of photocatalyst ZnO, the color of methylene
blue solution hardly changed in a series of reaction time
under different pH conditions (as depicted in Fig. 9).

Mechanism of morphology-dependent
photodegradation

It is a known fact that the morphology of ZnO particles can
be facilely modulated by regulating the reaction conditions.
As conducted in this research, ZnO powder was made up of
numerous aggregated nanosheets with leaf-like superstructure
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at a relatively low temperature (60 °C). When the reaction  related to the crystal growth characteristics of ZnO with wurtz-
temperature rises to 90 °C, an individual flower-like branchy ite structure. As the reaction temperature rises, both the energy
array composed of nanorods was formed. This is primarily ~ of the reactant and the number of active reaction molecules
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increase, which in turn are beneficial to the formation of
Zn(OH)42‘ growth unit and the final flower-shaped crystal-
lites (Hui et al. 2016). With the addition of citric acid, the
ZnO crystal growth along [001] polar direction is hindered
due to negatively charged citrate ions are absorbed on the Zn**
ions of the (001) surface (Mujtaba 2015; Nicholas et al. 2012).
Meanwhile, growing units of Zn(OH),>~ are prone to attach
and dehydrate on the (0110) planes and promote the growth
perpendicular to the [001] orientation (Wang et al. 2017).
However, the higher concentration of citrate ions, the stronger
chelation between Zn>* and citrate ions, and the nanosheets
assembled more tightly. As a consequence, the crystalline
morphology of ZnO transformed gradually to bumpy spheres.
Therefore, distinct morphology and structure of ZnO crystals
such as flower-like, leaf-like and sphere-like have changed
exposed crystal planes. Since the photocatalytic capacity is
mainly realized on the surface of metal oxides, the morphol-
ogy and structure of ZnO crystal is bound to affect its photo-
catalytic performance. [lluminated by sufficient intensity of
irradiation (the energy of photons > the band gap energy), the
conduction-band electrons and equal amount of valence-band
holes are emerged on the surface of ZnO crystal as depicted
in Eq. (1). And then the photo-generated holes can react with
the associated H,O or OH™ groups to breed reactive hydroxyl
radicals (OH-) as in Egs. (2) and (3). Meanwhile, electrons in
the conduction band can react with oxygen by forming super-
oxide radicals (O, ) and further form more hydroxyl radicals
(OH-) followed by Eqgs. (4) and (5). Thereafter, the existence of
these OH- radicals can further react with the MB molecules to
mineralize these organic pollutants according to Eq. (6) (Wang
et al. 2017). In fact, the energy band of ZnO crystal deter-
mines that it absorbs only ultraviolet light, while ultraviolet
radiation in sunlight only accounts for 5%. That is why the
photocatalytic performance driven by 250 W UV is better than
that for real sunlight illumination. Based upon the above reac-
tion mechanism, the alkaline environment contributes to the
formation of free hydroxyl radicals, which in turn can speed
up the photocatalytic efficiency. More importantly, a larger
surface area can not only lead to more dye immobilization,
but generate more photo-induced electrons and holes (Pung
et al. 2012). Among the three different types of ZnO samples,
C-ZnO crystal in this study was assembled by a number of
leaf-like nanoarrays and possessed a superior surface area, thus
providing it excellent photocatalytic activity.

ZnO +hv - ht +e” (1)
h* +H,0 - OH - + H* )
h* + OH™ — OH- 3)
e +0,—-0," 4)
0, +H* > 20H- 5)
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OH - +MB - CO, + H,0 (6)

Conclusions

In summary, ZnO particles with various morphologies were
successfully synthesized via a facile one-step wet chemi-
cal approach. By reasonably altering reaction parameters,
the produced ZnO samples were identified as flower-like,
sphere-like and leaf-like crystalline superstructures, respec-
tively. The catalytic study shows that the photodegradation
of organic dye is largely related to the morphology and struc-
ture of catalyst. A possible regulation mechanism of mor-
phology-dependent photodegradation by ZnO was proposed
according to the experimental results. It was proved that
leaf-like ZnO nanosheets have better performance for MB
degradation as compare to rod and sphere nanoarrays due to
its larger surface area which is beneficial to the adsorption
of organic pollutant and the enhancement of optical quality.
Moreover, this work indicates that photocatalytic efficiency
can be further improved by creating favorable reaction con-
ditions, such as radiation intensity and alkaline environment.
This study could suggest the possibility to fabricate the mor-
phology and catalytic efficiency of the prepared nanomate-
rial and extend its potential applications in photodegradation
and other applied surface categories.
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