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ZnO micro-flowers were successfully synthesized by precipitation method via an ammonical ammonium carbonate zinc
aqueous solution in presence of oleic acid. Oleic acid as additive could affect on morphology and photo-catalysis properties of
ZnO particles. The structure and morphology of products were characterized by X-ray diffraction (XRD), Scanning electron
microscopy (SEM), UV- visible spectroscopy, Raman spectroscopy and Photoluminescence (PL) analysis. ZnO with flower like
morphology exhibited improved ability on the photo-catalytic degradation of Methyl Blue (MB) dye wastewater compared
with sphere like nano particles under UV radiation. The higher photo-catalytic activity of the ZnO micro-flowers result from
the larger content of oxygen vacancy on the surface of nano-materials as revealed by their Raman and Photoluminescence (PL)
spectra features.
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Introduction including sheets and ribbon shave been synthesized
[12, 13]. In addition, the three-dimensional ZnO complex
The photo-catalytic degradation of organic pollutants structures built up through the low-dimensional
in water and air, using semiconductors such as TiO, components, for example, rings, bows, helices, springs
and ZnO have attracted more attention due to its and interconnected nanowire networks, have received
incomparable ability in the environment oxidization. increasing attention recently [14-18].
The advantage of photo-catalytic process is that it works In this study, ZnO micro-flowers and spherical nano-
at ambient conditions of temperature and pressure particles were synthesized via an ammonical ammonium
without forming any kind of sludge, which otherwise carbonate zinc aqueous solution in two conditions (e.g.
creates another pollution problem [1-5]. without and presence of oleic acid as additive). Moreover,
In recent years, many researchers have reported that the photo-catalytic activity of these powders was
ZnO powders have a more powerful photo-catalytic characterized by measuring degradation of methyl blue
reaction rather than TiO,, because ZnO powders can (MB) as a function of time.
absorb larger fraction of the solar spectrum than TiO,
powders can. It is evident that the desired photo- Materials and Methods
catalytic activity strongly related to the particle sizes
and shapes of ZnO powders. For this reason, many Materials
researchers have focused on the synthesis of different ZnO powders were synthesized according pervious
morphologies of ZnO powders due to the fact that they work that based on super-saturation theory [19].
displayed the unique properties [6-7]. Because of achieving nano-scale particles production
It has been found that ZnO can be synthesized by from precipitation method, so it needs a homogeneous
various routes such as pulsed laser deposition [8], sono- nucleation from a super-saturation solution. Primary
chemical [9], gel combustion method [10] and precipitation tests showed that the maximum solubility and most
[11] methods. Among these methods, precipitation has practical condition were achieved at pH=9.5 and
many advantages over the other methods, for example, it is T=85°C. First of all, 500ml of 2M ammonium
unsophisticated and a low cost method. carbonate solution was placed into the beaker. When
Until now, one dimensional ZnO nanostructures such the beakers content reached its desired temperature
as wires, rods and tubes, and two-dimensional structures (85 °C), ammonia was slowly added to adjust pH (9.5).

The value of pH was determined by a digital pH-meter
(Inolab, model listed 8F93). Zinc oxide was added into
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cloud formation and precipitation were investigated for
150 min. After this time, the precipitates were filtered,
rinsed by deionized water, dried at 105 °C for 24 hr and
finally calcinated at 400 °C for 1 hr.

Characterization

The structure of as-prepared samples was determined
by the use of X-ray diffraction (XRD, Philips with Cu-
Ko radiation). The morphology of particles was
studied by scanning electron microscope (SEM, Philips
XL30). The Raman spectroscopy was conducted with
Reinishaw model 3000 in the range of 200-800 cm'.
The photoluminescence (PL) spectra were recorded on
a Varian Cary-Eclipse spectrometer at the range of 440
to 600 nm.

Measurement of the photo-catalytic properties

The morphology-dependent photo-catalytic activities
of the as-prepared ZnO particles were evaluated by
degradation of MB dye wastewater under UV light
irradiation. All the experiments were done at temperature
25+2°C. Two UV lamps that predominantly emit at
365 nm with the definite power 150 W were employed
as the light source. They were positioned parallel to the
500 mL Pyrex glass bottle that was used to load the dye
solutions in the photo-catalytic process. The distance
between the top of Pyrex glass bottle and the UV lamp
was 10 cm. The photo-catalytic experiments were carried
out with 200 mL dyes solutions, which were sonicated
for 15 min and stirred in the dark for 20 min after the
addition of (0.05 gr) ZnO photo-catalysts. Finally, the
concentration of MB dye was measured as a function
of time with a UV-Vis spectrophotometer (UV-Vis 2550,
Shimadzu).

Results and Discussion

Structure and morphology

XRD patterns of the ZnO micro-flowers (A) and
spherical nano-particles (B) are shown in Fig. 1. All of the
diffraction peaks in the patterns can be exactly indexed as
the hexagonal wurtzite ZnO with lattice constants
a=10.3249 nm and ¢ = 0.5206 nm, which are agreed well
with the values in the standard card (JCPDS 36-1451). No
characteristic peaks were observed for the other
impurities. In addition, all peaks of ZnO micro-flowers
(A) much higher and narrower shaped than spherical
shape ZnO (B), which indicates that formers have good
crystallite quality than spherical shape one.

Figure 2 shows SEM images of ZnO powders that
synthesized in two different conditions. According Figure
2(a), the obtained ZnO powders without any additive have
a spherical shape. These powders resulted from the
calcinations at a temperature of 400°C for 1h. The
morphology of the powders synthesized in presence of
Oleic acid as additive (Fig. 2(b)) showed ZnO flower-
like micro-particles. The cause of this phenomenon is
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Fig. 1. XRD patterns of the as-prepared samples, (A) ZnO micro
flowers and (B) spherical ZnO nano-particles.

Fig. 2. SEM image of the ZnO micro-flowers (a) and spherical
ZnO (b).

Fig. 3. Process of photo-catalytic degradation of MB dye
wastewater under UV light illumination over two photo-catalysts:
(a) ZnO micro-flowers, (b) Spherical ZnO.

effect of Oleic acid on the growth of ZnO particles. By
adding Oleic acid, ZnO nuclei grow along c direction
because these points were energetically favored to adsorb
zinc on the outer surfaces. Those nuclei at early stage act
as seeds for growing of the ZnO precursor along the
preferred growth direction. After completing synthesis,
ZnO precursor grows along different directions and
micro-flowers are formed [20].

Photo-catalytic activity

As illustrated in Fig. 3, the photo-catalytic activities
of ZnO micro-flowers and spherical one were investigated
on the photo-degradation of MB dye wastewater under
UV light irradiation. One can see clearly from Fig. 3
that the photo-degradation of MB dye wastewater is
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Fig. 4. Raman spectra of the as-prepared ZnO: (a) flower-like
morphology and (b) spherical ZnO.

more efficient by ZnO micro-flowers (Fig. 3a) than by
7ZnO spherical shape (Fig. 3b). The MB dye wastewater in
aqueous solutions can be almost completely eliminated by
ZnO micro-flowers while spherical ZnO show 80%
degradation of MB dye wastewater after illuminated by
UV light for 120 min. It is essential to understand the
mechanism of semiconductor photo-catalysis. It is
generally accepted that, when semiconductor nano-
crystals are irradiated by light with higher or equal to the
band gap energy, an electron (e”) in the valence band (V)
can be excited to the conduction band (Cp) with the
simultaneous generation of a hole (") in the V5.

The higher photo-catalytic activity of the ZnO micro-
flowers may result the larger content of oxygen
vacancy on the surface. The photo-electron can be
easily trapped by electronic acceptors like adsorbed O,
to further produce a superoxide radical anion (O;),
whereas the photo-induced holes can be easily trapped
by electronic donors, such as organic pollutants, to
further oxidize organic pollutants. However, if the
photo-generated electrons recombined with the photo-
induced holes, the photo-catalytic activity would be
decreased. In general, oxygen vacancy of defect in
ZnO crystallinity can act as the active centers to
capture photo-induced electrons, and the recombination
of photo-induced electrons and holes can be effectively
inhibited, so that the photo-catalytic activity can be
greatly improved [21, 22].

Raman and PL analyses of the as-prepared ZnO
micro-flowers and spherical ZnO are performed to
examine their defects. The Raman spectra of the ZnO
micro-flowers and spherical ZnO at the range of 200-
800 cm' are shown in Fig. 4. The dominant feature at
437 cm' is the result of ZnO non-polar optical phonons
E, (high) mode. The E, (high) mode corresponds to
characteristic band of hexagonal wurtzite phase. The
peak located at 332 cm' may be attributed to a multi-
phonon scattering process (E,y-E,r) [23]. The peaks at
380 and 412 cm' correspond to A, (TO) and E, (TO)
phonons of ZnO crystal, respectively. In addition, the
E, (LO) peak can also be observed at 581 cm'. The
appearance of the E; (LO) peak is associated with the
formation of defects such as oxygen vacancy, zinc

Fig. 5. PL spectra of the as-prepared ZnO: (a) flower-like
morphology and (b) spherical ZnO.

interstitial, or their complexes [24]. It can be seen that
the E; (LO) peak of the ZnO micro-flowers (see Fig. 4a)
is stronger than that of the spherical ZnO (see Fig. 4b).

PL spectra of the as-prepared ZnO micro-flowers and
spherical ones are shown in Fig. 5. Each PL spectrum
possesses a common feature that consists of an
ultraviolet (UV) peak and a visible emission band.
Generally, the UV peak is due to the recombination of
photo-generated electrons and holes, while the visible
emission ranging from 440 to 600 nm is associated
with oxygen vacancies [25]. In this work, the visible
emission of ZnO micro-flowers is much stronger than
spherical ones, suggesting that the content of oxygen
vacancy in ZnO micro-flowers is more than spherical
ones. Based on the above results, it can be concluded
that more defects exist in the ZnO micro-flowers,
which causes higher photo-catalytic activity than ZnO
particles with spherical shapes. Therefore, the difference
in photocatalytic activities for different morphology of
ZnO samples is mainly caused by oxygen vacancy,
which can act as active centers.

Conclusions

In summary, micro-flower ZnO have been successfully
synthesized via an ammonical ammonium carbonate
zinc aqueous solution via precipitation method in
presence of oleic acid as additive. The results showed
that ZnO micro-flowers have the higher photo-catalytic
activity than spherical ones for degradation of MB dye
wastewater under UV light irradiation. Raman and PL
spectra analyses indicates that the as-prepared ZnO
samples all have oxygen vacancy, and the oxygen
vacancy content of ZnO micro-flowers is more than the
spherical one.
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