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With high stability, good optical characteristics, and unique electrical properties, ZnO nanostructures has been widely used in the 
vast fields. Because of its good performance in photoluminescence and photocatalysis, the three-dimensional (3D) flower-like 
nanostructure of ZnO has been paid much attention in recent years. In this paper, flower-like ZnO nanostructures formed by nanorods 
have been successfully synthesized by hydrothermal method. A number of techniques, including X-ray diffraction (XRD), scanning 
electron microscopy (SEM), and room temperatures photoluminescence (PL) were used to characterize the structural and optical 
properties of the obtained flower-like nanostructures of ZnO. The results indicate that the samples are highly crystalline with the 
wurtzite hexagonal phase, the average crystallite size of the sample was about 44 nm. A uniform flower-like three-dimension (3D) 
microstructures with diameters in the range of 3-5 µm was assembled by several densely arranged sword-like ZnO nanorods as 
“petals” with lengths in the range of 400-650 nm and a width in the range of 50-130 nm. The Photoluminescence spectrum (PL) 
showed that the as-synthesized flower-like ZnO showed ultraviolet emission (UV) at 381 nm and the visible emission band ranging 
from 450 nm to 750 nm, respectively. In addition, the growth mechanism of the flower-like ZnO was discussed. 
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INTRODUCTION 

Zinc oxide (ZnO) is an important n-type 
semiconductor metal oxide with a wide band gap 
(3.37 eV) and large exciton binding energy (60 
meV) at room temperature. Because of high 
stability, good optical characteristics, and unique 
electrical properties [1-3], ZnO nanostructures has 
been widely used in the enormous fields such as 
solar cells, nano-lasers, piezoelectric devices, etc. 
[4-9]. The properties of ZnO nanostructures mainly 
depended strongly on their morphology, specific 
surface, crystallize size. Up to date, various 
morphologies of ZnO nanostructures including 
nanobelts, nanowires, nanorods, nanotubes, and 
nanoflowers have been demonstrated via thermal 
evaporation, chemical-vapor deposition (CVD), 
thermal evaporation, molecular-beam epitaxy 
(MBE), pulsed-laser deposition (PLD), 
electrochemical deposition and spray pyrolysis [10-
18]. 

Because of its good performance in 
photoluminescence and photocatalysis, the three-
dimensional (3D) flower-like nanostructure of ZnO 
has been paid much attention in recent years [19-
22]. The low temperature hydrothermal synthesis 
has been widely used for the growth of ZnO 
nanostructures, mainly because of its simplicity,  
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cost effectiveness and the ability to control the 
shape and dimensions [23-25]. Till now, although 
flower-like ZnO have been synthesized by 
hydrothermal method, the growth mechanism and 
photoluminescence are also still need to be well 
exploited. 

In the present study, the flower-like 
nanostructures of ZnO were synthesized by 
hydrothermal method with zinc acetate dehydrate 
(Zn(CH3COO)2•2H2O) and sodium hydroxide 
(NaOH). The as-synthesized ZnO nanostructures 
were characterized by X-ray diffraction (XRD), 
scanning electron microscopy (SEM), and room 
temperature photoluminescence (PL) spectra. 

EXPERIMENT 

In this study, ZnO nanostructures sample has 
been synthesized using chemical methods. All of 
the raw materials were of analytical grade. First, 
about 1.32 mg of zinc acetate dehydrate 
(Zn(CH3COO)2•2H2O) was dissolved in 20 ml of 
deionized water while stirring at room temperature. 
Then the 9 ml of sodium hydroxide (NaOH) was 
added gradually to the above solution under 
continuous stirring at room temperature. After this 
step, add distilled water to bring volume to 40 ml. 
The solution was transferred to a Teflon-lined 
autoclave. The autoclave was sealed and 
maintained at 160 oC for 12h, and then cooled to 
room temperature. The white precipitate was 
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separated by filtration, washed with deionized 
water and dried in an oven at 60 oC.  

Characterization of samples was performed by 
X-ray diffraction (XRD) analysis and scanning 
electron microscopy (SEM) measurement. The 
powder X-ray patterns were carried out using a 
Philips X’pert automated diffractometer with 
monochromated Cu K-Alpha radiation of 1.5406 Å. 
The X-ray tube was operated at a voltage of 45 kV 
and a current of 40 mA. The peak position and 
intensities were obtained between 20 oC and 80 oC 
with a velocity of 0.02 per second. The surface 
morphologies and structure of the samples were 
studied by field emission scanning electron 
microscope (FE-SEM, JSM 6701-F, JEOL, Japan). 
Room temperature photoluminescence (RT-PL) 
spectra were measured using a He-Cd laser with the 
wavelength of 325 nm as the excitation source. 

 

RESULTS AND DISCUSSION 

 XRD analysis   

The XRD pattern of the as-synthesized product 
is shown in Fig.1. It can be seen that all of the 
diffraction peaks are in agreement with the JCPDS 
file of ZnO (JCPDS No. 36-1451). It is confirmed 
that the samples show wurtzite structure of ZnO 
belonging to the space group of P63mc (lattice 
parameters: a=0.3249 nm, c=0.5206 nm). No 
impurities could be observed in these patterns. 
Moreover, the sharp diffraction peaks manifest the 
high crystallinity of the sample. By using the 
Bragg’s law and the Debby-Scherer equation, we 
calculated the average crystallite size of the sample 
was about 44 nm. 

 

	

Fig.1. XRD patterns of the synthesized ZnO 
nanostructures 

SEM characterization  

Fig.2(a) and Fig.2(b) are the images of flower-
like ZnO in low magnification and in high 
magnification, respectively. It can be seen a 
uniform flower-like three-dimension (3D) 
microstructures with diameters in the range of 3-5 
µm (Fig.2(a)), assembled by several densely 
arranged sword-like ZnO nanorods as “petals” with 
lengths in the range of 400-650 nm (Fig.2(b)); and 
a width in the range of 50-130 nm. 

	
	

	

Fig.2. SEM images of synthesized ZnO nanostructures, 
(a) Low magnification, and (b) high magnification 
images of ZnO with flower-like morphology 

Growth mechanism 

Previous reports indicated that the formation 
process of ZnO nanostructures in alkali 
medium, the size, dimension and morphology 
of the final products were affected by external 
conditions such as temperature, complexing 
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agent and pH value of the solution during the 
hydrothermal process [26-27]. 

The possible formation mechanism of 
flower-like ZnO is proposed based on the 
investigation results. Firstly, the formation of 
primary ions have been shown in Eqs.(1-3). 
With the increasing of NaOH, the excess OH− 
ions are in favor of the formation of 
[Zn(OH)4]2− ions which further decomposes to 
give ZnO nanoparticles (Eq.4). A part of 
[Zn(OH)4]2− ions will directly transform into 
ZnO nuclei after the concentration above its 
critical solubility under hydrothermal 
conditions (Eq.5) [28]. 

2H O H + OH                         (1) 

Na OH Na + OH                   (2) 

  2
3 32

Zn CH CO O Zn + 2CH COO
  

  (3) 

  22

4
Zn + 4OH Zn OH

          (4) 

  2

24
Zn OH ZnO+ H O 2OH

          (5) 

 
Based on surface energy minimization, the 

ZnO crystallites from zinc hydroxyl nucleate 
are beneficial for lifting the growth rate of ZnO 
nuclei along the c-axis direction and then grow 
into 1D nanorods. When the precursor 
concentration increases, the nucleation of ZnO 
is so rapid that more ZnO nuclei form in the 
initial stage. These nuclei may aggregate 
together due to excess saturation. Each of them 
individually grows along the c-axis into rod-
like crystal, and thus flower-like architectures 
are finally formed [29]. The possible growth 
mechanism has been illustrated in Fig.3.

	

Fig.3. The schematic illustration of the possible growth process for flower-like ZnO nanostuructures 

 

Room temperature photoluminescence studies  

The room temperature photoluminescence 
(PL) spectrum of the as-synthesized ZnO 
nanostructures is shown in Fig.4. It can be seen 
that the PL spectrum is composed of two 
emission bands: a weak emission band in violet 
region (381 nm) and a strong emission band in 
visible region. In general, the UV peak at room 
temperature is attributed to the recombination 
of free excitons [30-32]. The visible emission 
band of flower-like ZnO microstructures is 
ranging from 450 nm to 750 nm. This emission 
is ranging from green to red is quite 
complicated due to the native and dopant-

induced defects in ZnO, which are sensitively 
related to the synthesis procedures [33]. The 
possible intrinsic ‘native’ deep levels in ZnO 
are oxygen vacancy (VO), zinc vacancy (VZn), 
oxygen interstitial (Oi), zinc interstitial (Zni), 
oxygen anti-site (OZn), and zinc anti-site (ZnO). 
The green emission at 540 nm (2.30 eV) are 
attributed to the interstitial oxygen (Oi) [33]. 
The peak at 600 nm (2.07 eV) are possibly 
caused by the monovalent vacancies of zinc 
( +

ZnV  ) and oxygen (
OV ) in ZnO [33-34]. The 

result shown that flower-like ZnO possess a 
high-quality crystal and few oxygen vacancies. 
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Fig.4. Room temperature photoluminescence spectrum 
of the as-synthesized ZnO nanostructures 

CONCLUSIONS 

In summary, flower-like ZnO nanostructures 
have been successfully synthesized by 
hydrothermal method with zinc acetate 
dehydrate (Zn(CH3COO)2•2H2O) and sodium 
hydroxide (NaOH). The as-synthesized ZnO 
nanostructures were characterized by X-ray 
diffraction (XRD), scanning electron 
microscopy (SEM), and room temperature 
photoluminescence (PL) spectra. The results 
indicate that the samples are highly crystalline 
with the wurtzite hexagonal phase. The 
Photoluminescence spectrum (PL) showed that 
the as-synthesized flower-like ZnO showed 
ultraviolet emission (UV) at 381 nm and the 
visible emission band ranging from 450 nm to 
750 nm, respectively. The UV peak at room 
temperature is attributed to the recombination 
of free excitons and the visible emission band 
ranging from green to red is attributed to the 
interstitial oxygen (Oi) and the monovalent 
vacancies, respectively. 
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NOMENCLATURE 

XRD - X-ray diffraction; 
SEM - scanning electron microscopy; 
PL – photoluminescence; 

3D - three-dimension; 
UV - ultraviolet emission; 
ZnO - Zinc oxide; 
CVD - chemical-vapor deposition; 
MBE - molecular-beam epitaxy; 
PLD - pulsed-laser deposition; 
Zn(CH3COO)2•2H2O - zinc acetate dehydrate; 
NaOH - sodium hydroxide; 
RT-PL - Room temperature photoluminescence; 
VO - oxygen vacancy; 
VZn - zinc vacancy; 
 Oi - oxygen interstitial; 
Zni - zinc interstitial; 
OZn - oxygen anti-site; 
ZnO - zinc anti-site. 
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