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Microwave synthesis of the flower-like ZnO
microstructures and their photocatalytic property
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A quick and facile microwave-assisted reaction is used to synthesize flower-like ZnO microstructures in the existence of
hexadecyl trimethyl ammonium bromide (CTAB). X-ray diffraction (XRD) and transmission electron microscopy (TEM)
techniques reveal the samples are composed of many rods with a hexagonal wurtzite structure. The optical properties of
as-prepared ZnO microstructures were investigated by ultraviolet-visible spectroscopy, Raman spectroscopy and
photoluminescence spectroscopy. The photocatalytic activity was evaluated by using the photodegradation of methylene
orange (MO) dye under UV irradiation. Furthermore, the photodegradation mechanism of the as-prepared sample is also

briefly discussed.
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1. Introduction

During the past decade, Human being enjoy the
comfort and convenience which is brought by the rapid
development of science and technology, also tasting the
living environment worsening caused by the blind and
shortsighted. Serious pollution incident brings not only
health problems, but also causes social problems. To solve
the problems, photocatalysis is a research topic of great
importance in view of environmental treatment. it is
normally based on the light absorption of semiconductor
oxide photocatalyst, typically TiO, [1] or ZnO [2],
although TiO, is worldwide accepted active photocatalyst
for the degradation of wide range of organic matter, ZnO
has recently receiving much attention because it exhibits
more efficiency than TiO, in photocatalytic degradation of
2-phenylphenol [3], Reactive Blue 19 [4], Rhodamine 6G
[5], and Acid Red 18 [6], even in aqueous solutions. As a
potential semiconductor, ZnO is used in areas such as solar
cells [7], pigments [8], gas sensors [9], electronics [10]
and photocatalysts [2]. However, researches on the
photodecompositions of many different kinds of dyes
performanced only by ZnO are still a promising field [11].

Different methods have been used to synthesize
variety of ZnO nano- and micro-architectures like
hydrothermal route, sol-gel process, chemical vapour
deposition(CVD), electrodeposition (ED),
vapour-liquid-solid process, pulsed layer deposition and
thermal decomposition [12-19]. However, most of these
methodologies are limited due to use of high temperature,
high pressure, toxic reagents, and long reaction time.

Nowadays, microwave technique is extensively used for
the synthesis of materials. Compared to the conventional
heating process, microwave heating is promising due to its
unique effects, such as rapid volumetric heating, higher
reaction rates, higher reaction selectivity, higher yields of
products, and energy saving. Herein, we report the
synthesis of ZnO nanostructures with flower-like
morphologies by a simple, fast and low cost microwave
irradiation method. Subsequently, as-synthesized ZnO
product were characterized in details in terms of their
morphological, structural and optical properties by X-ray
diffraction (XRD) and transmission electron microscopy
(TEM), ultraviolet-visible spectroscopy, Raman and
photoluminescence measurements. Finally, the
photocatalytic properties of as-prepared product are
evaluated by degradation of methyl orange under
ultraviolet (UV) irradiation.

2. Experimental procedure
2.1 Synthesis of ZnO microstructures

All chemicals used in this work were analytical-grade
and used reagents without any further purification. In a
typical experiment, first, 1.3 mmol Zn(CH3COOQ),-2H,0
and 0.04 mmol NaOH were dissolved in 40ml deionized
water with constant stirring, respectively. Secondly, a
certain amount of CTAB was slowly added into the
solution, followed by vigorous stirring for 15 min at
ambient temperature. Then, the resulting whitish aqueous
solution were irradiated by using the microwave oven at
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130°C for 60 min. The resulting precipitates were isolated
by centrifugation, followed by washing with distilled
water and ethanol for several times to remove the possible
residues, then dried in air at 60°C for 24 h to obtain final
products.

2.2 Characterization of ZnO microstructures

The phase structure of the as-synthesized samples was
examined by X-ray diffraction (XRD;
D/Max2550VB+/PC, Philips, Eindhoven, The Netherlands)
with Cu-Ko radiation (A = 1.5406 A). High resolution
transmission  electron  microscopy (TEM/HRTEM,;
JEM-3010, Questar, New Hope, USA) was performed
with an acceleration voltage of 300 kV. The Raman
spectra (inVia, Renishaw, Gloucestershire, UK) were
excited by a 532 cm Nd: YAG laser at room temperature.
UV-Vis absorption spectra were recorded on a
spertrophotometer (UV-3010, Hitachi, Tokyo, Japan).
Photoluminescence property was studied by He-Cd laser
with excitation wavelength of 325 nm.

2.3 Evaluation of the photocatalytic properties

The photocatalytic performance of the as-prepared
samples was monitored using UV-vis spectrophotomer by
photocatalytic degradation of MO .The samples (1.5 g/l)
were dispersed in the 100 ml MO aqueous solution (10
mg/l). The mixed suspensions were magnetically stirred
for 30 min in the dark to attain an adsorption—desorption
equilibrium and irradiated by 365 nm UV light. At certain
time intervals (20 min), 2 ml of the mixed suspensions
were extracted and centrifugated to remove the
photocatalyst. The degradation of MO was observed by
recording the decrease in optical absorption peak at 463
nm with increasing time of light irradiation.

3. Results and discussion

3.1 Morphology and structure
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Fig. 1. XRD pattern of the as-synthesized ZnO
microstructures.

Fig. 1 shows the XRD patterns of the ZnO sample
prepared by microwave-assisted reaction. All of the
diffraction peaks are well matched with the standard
hexagonal structure of ZnO. No peaks other than ZnO
were detected. Obviously, the XRD results showed that the
as-prepared sample is pure ZnO. The sharp diffraction
peaks of the as-synthesized product implied that the
flower-like ZnO microstructures prepared in this work is
highly crystalline.

Fig. 2. (@TEM image of the as-synthesized ZnO
microstructures, (b) TEM image of individual ZnO
nanorod and (c) HRTEM image of the individual ZnO
nanorod.

The morphology and microstructure of the
as-prepared sample were investigated by TEM as shown in
Fig. 2a-c. It can be seen from Fig. 2a that the as-obtained
sample present nearly the flower-like microstructures,
which composed of nanorods, and each rod has a width of
300-400nm and a length of 3-4um. The TEM image of an
individual ZnO nanorod of the flower-like ZnO
microstructures is shown in Fig. 2b, the image shows that
the nanorod has a sword-like end. In Fig. 2c, the HRTEM
results revealed that the lattice spacing is about 0.26 nm,
corresponding to the (002) plane of ZnO, implying the
growth direction of nanorod is [0001].

3.2 Optical properties

Fig. 3a displays the absorption spectrum of the
as-synthesized sample at room temperature, which exhibits
the absorption maxima at 374 nm which is well matched to
the wurtzite hexagonal phase ZnO. Additionally, no peak
related with impurities and structural defects was observed
in the spectrum which confirmed that the synthesized
samples were pure ZnO. The band gap energy can be
determined by substituting the value of the absorption
peak at given wavelength in the following equation [20]

hc
Eg = th = 7

9

)

where h is plank’s constant, c is the speed of light, and A
¢ Is cut-off wavelength [21,22]. Applying above equation,
the band gap energy (Eg) for the flower-like ZnO
microstructures synthesized via microwave method were
calculated to be 3.31eV.
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Fig. 3. (a)UV-Visible absorption spectra and (b) Raman
spectra of the as-synthesized ZnO microstructures.

The Raman spectra of the ZnO samples synthesized
are shown in Fig.3b. A narrow strong peak at 437 cm™
assigned to the vibration mode E,(H) confirms that the
products formed are the ZnO with hexagonal(wurtzite)
structure. Two very small peaks at 330 and 381 cm™ are
attributed to the vibration mode 2E, and A (TO)
respectively. In addition the peak located at 581cm™ is
assigned to E;(LO) modes.

The PL spectra of the as-synthesized ZnO sample
were examined at room temperature under an excitation
wavelength of 325 nm. Fig. 4 shows two peaks at 378, and
485 nm. Generally, the PL signal at 378 nm is a typical
Zn0 near-band-edge ultraviolet emission, attributed to the
recombination of free excitons, while the blue—green
emission at 485 nm may result from the electron transition
from the level of the ionized oxygen vacancies to the
valence band. The blue—green emission in our sample can
be weak compared with the intensive sharp UV emission,
which indicate the as-synthesized ZnO product are with a
low concentration of oxygen vacancies and high optical
quality.
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Fig. 4. Room temperature PL spectrum of the as-synthesized
ZnO microstructures.

3.3 Photocatalytic properties

The photocatalytic degradation of MO under various
UV irradiation durations was used to evaluate the
photocatalytic performance of the as-synthesized ZnO
microstructures as shown in Fig. 5a. It can be seen that the
characteristic absorption of MO at 463 nm diminishes

rapidly with increasing the exposure time and nearly
disappears after 120 min. No new absorption bands appear
in the whole spectrum, which indicate the total
decomposition of MO aqueous solution during the
reaction.

Fig. 5b shows the degradation rate of MO without
catalysts, using the commercial ZnO powder and
as-synthesized flower-like ZnO microstructures under UV
light illumination. After irradiation for120min, the
degradation efficiency of MO is found to be about 9.5%
(self-degradation), 29.0% (with commercial ZnO powder)
and 92.1% (with the as-synthesized ZnO microstructures),
respectively. Obviously, the degradation efficiencies of
MO clearly increased when the flower-like ZnO
microstructures synthesized were added as catalyst. In
order to further confirm this results, the ZnO product after
degradation of MO was centrifuged, washed and then
dried. It’s morphology and microstructure were
investigated by TEM as shown in Fig. 5(c). It can be seen
from Fig. 5(c) that the as-obtained product presents still
the flower-like microstructures rather than nanorods.
Therefore, the significant improvement of photocatalytic
activity of the as-synthesized ZnO samples can be
attributed to its unique structure to absorb a large fraction
of UV light. It is concluded that prepared flower-like ZnO
microstructures is a better photocatalyst for the
degradation of Methylene Orange. The whole mechanism
of photocatalytic degradation has been depicted in Fig. 6.

b)

Fig. 5. (a) UV-visible absorption of MO in the solutions

containing the as-synthesized ZnO samples (b) extent of

decomposition(C/Cy) of MO dye with respect to time

intervals(c) TEM image of the ZnO microstructures after
degradation of MO.

In general, when semiconductor nanocrystals are
irradiated by the light with energy higher or equal to the
band gap energy, the electron-hole pairs can be generated,
that is an electron in the valence band can be excited to the
conduction band with the simultaneous generation of
leaving a hole behind. The holes at the ZnO valence band
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with strong oxidation can react with the matter adsorbed to
the semiconductor surface, then to produce harmless
products (Eq.(6)). Excited state electron and hole can also
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Fig. 6. Mechanism of photocatalytic degradation
of Methylene Orange.

spread of movement by an electric field force, the hole
migrated to the semiconductor surface can be easily
trapped by water or hydroxide ions to produce on+ Which
is a strong free radical oxidation to further oxidize organic
pollutants. At the same time, the electron migrated to the
semiconductor surface can be easily trapped by electron
acceptors like adsorbed O, to produce o, , HOO® and
other radical which can participate in various redox
process to further oxidize organic pollutants into harmless
products (Eq.(7)).

ZnO+hv(UV) >e, +h, 2)
h, +H,O—>H"+0OH" (3)
h, +OH™ —OH" 4)

e, +0,—>0;” >—>HOO" »— H,0, >—>0H"(5)
h;, -+ dye — degraded product (6)

OH"* + dye — degraded product (7

4. Conclusions

In summary, the flower-like ZnO microstructures
have been successfully synthesized via a simple
microwave-assisted hydrothermal method. The detailed
morphology of the synthesized samples was characterized
by XRD, TEM, HR-TEM, which reveal that the
as-synthesized product is well-crystalline ZnO with
wurtzite hexagonal phase. UV-Visible absorption spectra

depicts a strong narrow absorption peak at ~374 nm, and
the band gap energy was calculated to 3.31eV. The
photoluminescence spectrum of the synthesized ZnO
microstructure exhibited a strong ultraviolet emission at
378 nm and a weak blue—green emission at 485 nm at
room temperature. The photocatalytic activities of the
synthesized ZnO microstructure were evaluated by the
degradation of MO, and the results show that the
synthesized products presents superior decolorization
efficiency which might be due to its unique structure.
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