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Abstract: A self-assembled ZnO tail-like cluster (TC) had been successfully synthesized by a simple chemical vapor 
deposition method. Scanning electron microscopy observations show that ZnO TC is composed of bushy ZnO 
microwires with flower-shaped cross sections. Long and narrow furrows can be clearly observed on the surface of the 
ZnO TC. A possible growth model is proposed to discuss the formation mechanism. The analytical result indicates that 
the flower-shaped ZnO microwires are formed by the lateral coalescence of ZnO wires at high temperature. The room 
temperature PL spectrum shows a prominent UV emission band around 380 nm, and no green emission is found, 
implying that the unique flower-shaped ZnO microwires have high optical quality. This controlled growth of ZnO TC may 
have implication for potential applications in novel optoelectronic micro/nanodevices in the near future. 
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1. INTRODUCTION 

Obtaining novel morphology of micro/ 
nanostructures is vital for studying structure-physical 
property relationships as well as for realizing the novel 
functional micro/nanodevices, since the physical and 
chemical characteristics of these materials are strongly 
connected with their structures [1]. As a wide and direct 
band gap (3.37 eV) semiconductor with large exciton 
binding energy (60 meV), ZnO has been the main 
subject of current studies for its superior optical and 
electronic properties. These properties make it an 
excellent material for important applications, including 
solar cells [2, 3], surface acoustic waveguides [4], light 
emitting devices [5, 6], piezoelectric devices [7], gas 
sensors [8, 9] and so on. In the past decade, much 
effort has been invested to study one-dimensional (1D) 
ZnO nano/microstructures and their self-assembled 
novel structures [10-13] because of their unique 
properties, and extensive applications in electronic and 
optoelectronic devices. Up to now, however, no report 
could be found on synthesizing self-assembled ZnO 
tail-like cluster (TC) composed of flower-shaped ZnO 
microwires, which is quite important in exploiting novel 
properties as well as constructing novel photoelectric 
devices. 

In this letter, we report the synthesis of self-
assembled ZnO TC by a simple chemical vapor 
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deposition (CVD) method. Studies indicated that the 
ZnO TC was composed of bushy flower-shaped ZnO 
microwires coalesced from ZnO fine wires at high 
temperature. The novel ZnO microwires may be 
applicable for the fabrication of optoelectronic devices 
in the near future. 

2. EXPERIMENTAL PROCEDURE 

2.1. Synthesis of ZnO Tail-Like Cluster (TC) 

In our study, a unique ZnO TC was synthesized by 
a simple and reproducible CVD method in a horizontal 
tube furnace, consisting of a quartz tube (Ø 30 mm×40 
cm), temperature controller, gas control system, and so 
on. A mixture of ZnO powder (purity: 99.99%) and 
graphite powder (with a molar ratio of 1:1) was used as 
the source material, which was placed at one end of 
the quartz tube. Then the prepared quartz tube was put 
in the center of the horizontal tube furnace where the 
temperature reaches the maximum. Then, the furnace 
was heated up in a constant flow of N2. As the 
temperature reached up to 600oC, O2 was then 
introduced into the furnace to participate in the 
reaction. The furnace was held at the growth 
temperature of 1000oC for 60 min in the constant flow 
of N2 and O2 with a flow rate of 80 and 60 sccm, 
respectively. At last, the furnace was turned off and 
cooled in air to the room temperature. After these 
steps, we can obtain a bridge-shaped product, as 
shown in the downstream zone (2~3 cm away from the 
source material), shown in the inset of Figure 1.  
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2.2. Characterizations 

Morphological analyses were carried out by 
scanning electron microscopy (SEM; JEOL-6360LV). 
The photoluminescence (PL) measurement was also 
conducted with excitation at 325 nm at room 
temperature.  

3. RESULTS AND DISCUSSIONS 

Figure 2 shows SEM images of the as-synthesized 
ZnO tail-like cluster product under different 
magnifications. From Figure 2(a), we can see that the 
as-grown product extremely resembles a tail covered 
with bushy “hairs”. The ZnO TC has a diameter ranging 

 
Figure 1: Schematic diagram of a ZnO TC grown inside the quartz tube; the inset displays its digital camera photograph. 

 

 
Figure 2: (a-c) SEM images of the as-synthesized ZnO tail-like cluster product under different magnifications; the inset of (d) is 
the SEM image of cross section of single ZnO microwire. 
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from 2.5 mm to 3 mm, and a length of about 30 mm. 
Long and narrow furrows can be clearly observed on 
the surface of ZnO TC as shown in Figure 2(c). Figure 
2(d) shows the high-magnification SEM images of the 
“hairs”, which clearly show that the “hairs” are actually 
ZnO microwires with the diameter ranging from 10 µm 
to 15 µm. It is also interesting to see that these ZnO 
microwires grown from ZnO TC have deep grooves on 
their lateral sides, as shown in Figure 2(b). To further 
study the structural characteristic of these unique ZnO 
microwires, the corresponding cross sections are also 
analyzed using SEM. The inset of Figure 2(d) shows a 
typical SEM image of single ZnO microwire, from which 
we can see that the cross sections of the microwires 
are mainly flowered-shaped rather than hexagonal [14, 
15]. The novel ZnO microwires reveal different 
structural characteristics from previous reported ZnO 
hexagonal microwires. The possible growth mechanism 
of the unique ZnO microwires and the ZnO TC will be 
discussed in a later section. 

To understand the growth mechanisms involved in 
the formation of ZnO TC, another experiment was 
conducted. The reaction time of the experiment was 
reduced to 30 minutes from 60 minutes, while other 
reaction conditions held constant. A free-standing ZnO 
TC (ZnO FSTC) was observed rather than a bridge-
shaped structure across the reactive tube. Figure 3 
presents SEM image of the ZnO FSTC, which reveals 
information regarding the growth mechanism. First, 
ZnO TC starts from one side of the quartz tube and 
extends to the opposite side. Second, continuous 
reaction leads to growing up of ZnO TC along both the 

axial and lateral directions. It is obvious that the ZnO 
FSTC is the only product at the middle growth stages. 
If sufficient reactants were kept in growth atmosphere 
during growth, the ZnO FSTC would further develop 
into a bridge-shaped structure across the reactive tube 
as seen in Figure 1. According to the analyses above, 
the possible growth mechanisms of ZnO TC can be 
deduced as followed: (1) nucleation on internal wall of 
the reacting tube; (2) the rapid growth of 1D microwires 
via vapor-solid growth process; (3) second nucleation 
and growth on the microwires; and (4) repeating the 
growth process as Step (3), which facilitates the 
formation of the ZnO TC and its growing up from one 
side of the tube to the opposite side. This process will 
not stop until the reactants are insufficient. The reason 
why the tail-like product is constructed rather than a 
dispersed tree-like one can be attributed to the high 
reaction temperature, which may be a key factor to 
accelerate the growth and coalescence of the ZnO 
microwires [16]. Figure 4 shows typical SEM image of 
coalesced microwires. The schematic illustration in 
dashed frame of Figure 4 displays the possible growth 
mechanism of the coalesced microwires. As the 
reaction time increases, ZnO fine microwires constantly 
grow up. The growth of the fine wires both in the axial 
and lateral directions easily results in the adjacent ZnO 
wires coalesce into a flower-shaped structure which 
has been clearly shown in inset of Figure 2(d). And 
several adjacent flower-shaped microstructures may 
also coalesce with each other, which may account for 
the long and narrow furrows observed on the surface of 
ZnO TC. The “coalescence” phenomenon at high 
temperature is also detected in others’ reports. Jeong 

 
Figure 3: SEM image of the ZnO TC grown for 30 min at 1000oC, the inset displays the optical picture of the ZnO TC. 
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et al. [16] synthesized single-crystalline ZnO 
microtubes, and suggested that the ZnO microtubes 
were formed by the coalescence of ZnO nanowires at a 
high reaction temperature. However, the exact growth 
mechanism is still under investigation. This controlled 
growth of ZnO TC may have implication for potential 
applications in novel optoelectronic devices in the near 
future. 

The PL property of single ZnO microwires taken 
from ZnO TC and ZnO FSTC were examined 
respectively using a He-Cd laser (325 nm) as the 
excitation source at room temperature. And no obvious 

difference can be seen in both cases. Figure 5 shows 
the typical room temperature PL spectrum of both 
cases. Clearly, only a prominent UV emission at about 
389 nm has been observed from the room-temperature 
PL spectrum. As we known, the UV emission, which is 
also called near band edge (NBE) emission, is 
attributed to the recombination of free excitons through 
an exciton–exciton collision process [17, 18]. No deep-
level emission was found. Generally, the deep-level 
emission can be attributed to the impurities and 
structural defects in the crystal such as oxygen 
vacancies, zinc interstitials, etc., [19, 20]. Vanheusden  
et al. [21] proposed the mechanism of green emission 
and reported that green emission corresponds to the 
singly occupied oxygen vacancies in ZnO and that the 
emission results from the recombination of a photo-
generated hole with an electron occupying the oxygen 
vacancies. Therefore, the photoluminescence spectrum 
shown in Figure 5 indicates that the ZnO microwires 
from ZnO TC have high optical quality. 

CONCLUSIONS 

In summary, a self-assembled ZnO tail-like cluster 
(TC) has been successfully synthesized by a simple 
chemical vapor deposition method at a high 
temperature. SEM observations show that the ZnO TC 
with deep grooves on their lateral sides has the 
diameter ranging from 2.5 mm to 3 mm, and length 
about 30 mm, which is composed of bushy ZnO 
microwires with flower-shaped cross sections. The 

 
Figure 4: SEM image of the coalesced microwires; the inset in dashed frame displays schematic illustration for the possible 
growth mechanism of coalesced microwires. 

 
Figure 5: The typical RT PL spectrum of single ZnO 
microwires. 
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possible growth mechanism of the ZnO TC has been 
proposed. It was suggested that the flower-shaped 
microwires growth from ZnO TC was formed by the 
coalescence of neighboring ZnO wires due to the high 
temperature. The photoluminescence spectrum 
indicated that the ZnO microwires from ZnO TC had 
high optical quality, which may be applicable for the 
fabrication of novel optoelectronic devices in the near 
future. 
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