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Abstract: With Zn(NO3)2·6H2O and NaOH as starting materials, a novel nest-like ZnO nanostructure was successfully synthesized 
by a solvo-thermal method. The products were characterized by X-ray diffraction, photoluminescence and scanning electron 
microscopy. The growth mechanism of the nest-like ZnO was discussed. The results show that the as-synthesized samples have a 
wurtzite structure, with a weak UV emission at about 395 nm, a green emission at around 557 nm and a blue-green emission at 453 
nm. SEM investigation reveals that the growth route of the nest-like ZnO can be considered involving three stages: nano-sized ZnO 
sheet can be firstly achieved, then outspreads quickly and increasingly becomes a long fishbone-like strip with many branch sheets, 
and finally these sheets curl into a nest-like structure. 
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1 Introduction 
 

Nano-sized ZnO has been recently paid great 
attention due to its importance in scientific research and 
potential technological applications[1−3]. Zinc oxide 
with direct band gap of about 3.37 eV at room 
temperature is a well known material suitable for 
generating ultraviolet (UV) light[4]. The exciton binding 
energy (about 60 meV) of ZnO can ensure an efficient 
exciton emission at room temperature and low excitation 
energy[5−6]. Therefore, zinc oxide is widely used in 
various applications such as photonic devices, 
transparent conductors, solar cell windows, surface 
acoustic devices, and gas sensors[7−8]. Because the 
optical, electrical and magnetic properties of ZnO are 
markedly influenced by its particle size, morphology, 
structure, etc[9−11], different solution methods, such as 
precipitation[12], gas condensation[13], sol-gel 
method[14], hydrolysis in polyol medium[15], and 
hydrothermal synthesis[16] have been used to tailor 
various morphologies of ZnO crystallite, such as 
nano-rods, nano-wires, nano-belts, and micro- 
flowers[17−19]. However, the synthesis of ZnO with 
particular morphology by a simple method under mild 
conditions still represents a challenge. In this work, a 
novel nest-like ZnO nanostructure synthesized by a 

solvo-thermal method was reported. The morphologies, 
structures and photoluminescence properties of zinc 
oxide products were characterized with SEM, 
photoluminescence (PL) and XRD methods. 
 
2 Experimental 
 
2.1 Materials 

All of the chemicals including zinc nitrate 
hexahydrate (Zn(NO3)2·6H2O), sodium hydroxyl (NaOH), 
sodium chloride (NaCl), ammonia solution (NH3, 25%), 
absolute alcohol (C2H5OH) and N, N, N-trimethyl-1- 
hexadecanaminium bromide (CTAB, C19H42BrN) were 
analytical-grade reagents and purchased from 
commercial market without further purification. 
 
2.2 Preparation of samples 

The ZnO crystalline powder was prepared in the 
following process. The aqueous solution (0.1 mol/L) of 
zinc nitrate hydrate and the solution (0.2 mol/L) of 
sodium hydroxyl were prepared with deionized water, 
respectively. The sodium hydroxyl solution was slowly 
added into zinc nitrate solution at room temperature 
under vigorous stirring, which resulted in the formation 
of a white suspension. The suspension was then 
separated with a centrifuge and washed three times with 
distilled water, and washed with absolute alcohol at last.  
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The separated powder was dried at 60 ℃ for 24 h in 
oven to obtain precursor. Subsequently, 3 g precursor 
materials, 1 g NaCl and 0.01 g CTAB were dispersed 
into 5 mL ammonia solution and 50 mL absolute alcohol 
completely, and the mixture was then sealed into a 
Teflon-lined autoclave with a filling capacity of about 
60%. It was maintained at 180 ℃ for 1, 4, 8 and 24 h, 
respectively. The resulting white precipitate was 
collected and washed with distilled water and alcohol 
several times to obtain ZnO crystallites. 
 
2.3 Characterization 

The morphology of ZnO particles was observed by 
1530VP model field emission scanning electron 
microscope (SEM) in China National Academy of 
Nano-technology Engineering. X-ray diffraction (XRD) 
with Cu Kα radiation (λ=0.154 2 nm) on DX−2000 X-ray 
diffractometer was used for checking the formation and 
identification of present compounds in the obtained 
particles. Photoluminescence spectra of ZnO crystals 
were measured with a WGY−10 fluorescence 
spectrophotometer using a Xe lamp (150 mW). The 
excitation wavelength was 325 nm. The emission 
spectrum of solid zinc oxide powder samples at room 
temperature was observed in the wavelength range of 
350−600 nm by using a monochrometer and a 
photomultiplier. 
 
3 Results and discussion 
 
3.1 X-ray diffraction analysis 

Fig.1 shows the X-ray diffraction (XRD) patterns of 
as-obtained ZnO crystallites synthesized solvo-thermally 
for different time. The obtained ZnO crystals have a 
wurtzite structure and the diffraction peaks can be well 
indexed to hexagonal ZnO with lattice parameters of 
a=0.324 982 nm and c=0.520 661 nm (JCPDS Card No. 
36-1451). Although the hydrothermal treatment time is 
different, the XRD patterns of ZnO samples are similar 
in shape (in Fig.1). With increasing the hydrothermal 
treatment time, the diffraction peak intensity of faces 
(0002), )1110(  and )0110(  has no obvious change 
and the peak intensity of polar face )0110(  increases 
accordingly. It is understood that in the beginning of 
solvo-thermal treatment, the growth rate along direction 
[0001] is obviously more than other direction and 
gradually becomes low during the further treatment 
process until filmy sheets of nano ZnO come into being. 
Then, these sheets grow quickly along the vertical 
direction of [0001] and ]1110[ , and the plane )0110(  
increasingly becomes a long strip (Fig.2(d)) and has a 
larger area than other planes. As a result of the above 
phenomena, the diffraction intensity of plane )0110(  
becomes strong with increasing synthesis time (in Fig.1). 

 

 
Fig.1 XRD patterns of nest-like ZnO synthesized at 180 ℃ for  
1 h (a), 4 h (b), 8 h (c) and 24 h (d) 
 
3.2 Morphology and growth mechanism 

SEM images of ZnO samples obtained by 
solvo-thermal treatment at 180 ℃ for different duration 
are shown in Fig.2. It can be seen that many ZnO 
nano-sheets were obtained by solvo-thermal treatment 
for 1 h in Fig.2(a). The diameter and thickness of these 
nano-sheets are about 200 nm and 20 nm, respectively. 
Fig.2(b) shows that not only the diameter of ZnO 
nano-sheets increased, but also some hexangular stars 
formed when thermal treatment duration was prolonged 
to 4 h. We could see clearly that the conglomeration of 
the ends (plane }0110{ ) of nano-sheets is responsible 
for the formation of such unique morphology. For this 
new structure, the direction out of the paper is [0001](in 
Fig.3), and the polar ZnO nanostructure grows 
preferentially along [0001] direction (+c axis terminated 
by zinc) because of the lowest surface energy of (0002) 
face[20]. Because the growth velocity along the six 
directions of ]0110[  is slower than that along [0001] or 

>< 0211  direction, ZnO sheets with a unique structure 
and geometrical shape of six trigonal sheets can be 
obtained. With increasing the hydrothermal time to 8 h, 
ZnO sheet unceasingly grows up and further evolves into 
curve sheet or coil. Fig.2(d) shows the especial nest-like 
structure of ZnO synthesized solvo-thermally for 24 h. 
The magnified view in Fig.2(d) reveals the nest-like 
structure forming from a long fishbone-like structure in 
spontaneous coiling behavior caused by ZnO polar. The 
trunk and branch of the fishbone-like structure are longer 
strips and short strips prospectively, and the shorter strip 
integrates with longer strip at angle of about 60˚. The 
wall thickness of the strip is almost uniform, but the 
length is very different. And many fishbone-like ZnO 
crystals interlace and congregate together to form a 
nest-like structure in Fig.2(d). 

To understand the formation of nest-like 
morphology, the growth mechanisms in the different  
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Fig.2 SEM images of nest-like ZnO synthesized at 180 ℃ for 1 h (a), 4 h (b), 8 h (c) and 24 h (d) 
 

 

 
Fig.3 Six 〈 0110 〉 orientations of ZnO 
 
stages are studied. ZnO nano-sheets have been 
synthesized in solution with sodium chloride as 
structure-directing agent to be adsorbed selectively on 
ZnO basal planes, and by some negative Cl− ions 
replacing OH− dangling bond on ZnO positive polar 
faces )2000( . These replacements hinder splicing 
growth of Zn(OH)4

2− along the [0001] and >< 0211  
directions, resulting in the formation of zinc oxide 
nano-sheets. When the growth velocity along c axis is 
suppressed, the nano-sheets increase in length and width 
but not in thickness until their final dimensions are 
reached. When the length of nano-sheet reaches a limit in 
the process of crystal growth, it curls or integrates to a 
new structure to reduce the exterior free energy. So, 

many parallel ramification sheets form in the growth 
process of the bough sheet. As the ramification sheets 
occur at both sides of bough sheet, fishbone-like 
structure can be obtained. According to above analysis, it 
can be presumed that the growth model of nest-like ZnO 
can be explained as follows: at first, nano-sized ZnO 
sheet can be achieved due to the fact that the growth rate 
along [0001] direction is obviously larger than other 
directions and gradually becomes low during the further 
growth. Secondly, ZnO sheet outspreads quickly along 
the vertical direction of [0001] and ]0110[ , and ZnO 
sheet along plane )0110(  increasingly becomes a long 
fishbone-like strip with many branch sheets. Finally, 
these strips curl into a nest-like structure. Meanwhile, the 
fishbone-like structure tends to interlace together 
absolutely to reduce the exterior free energy to form a 
new structure, nest-like morphology. 
 
3.3 Photoluminescence properties 

The photoluminescence from ZnO consists of three 
emission bands at room temperature, a near-band-edge 
(UV) emission and two broad, deep-level (visible) 
emissions. The visible emission is usually considered to 
be related to various intrinsic defects produced during 
ZnO preparation and post-treatment. Normally, these 
defects are located on the surface of the ZnO structure. 
Fig.4 presents the PL spectra of the as-prepared ZnO 
crystallites excited by 230 nm UV light from a He-Cd 
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laser at room temperature. For all the samples, a UV 
emission peak (395 nm) and a green emission peak (557 
nm) were observed in the PL spectra. The emission at 
395 nm corresponds to the near band-edge emission 
resulting from the recombination of free excitons; the 
green emission at 557 nm is commonly referred to the 
singly ionized oxygen vacancy; and the emission results 
from the radiative recombination of a photo generated 
hole with an electron occupying the oxygen vacancy[21]. 
The visible emission at 453 nm is likely attributed to 
electron transition, mediated by defect levels in the band 
gap. With increasing solvo-thermal treatment time, the 
intensity of the UV peak emission from sample (a) to 
sample (d) in Fig.4 increased possibly due to the increase 
of crystallization intensity. 

 

 
Fig.4 Room temperature photoluminescence spectra of 
nest-like ZnO synthesized at 180 ℃ for 1 h (a), 4 h (b), 8 h (c) 
and 24 h (d) 
 
4 Conclusions 
 

1) Nest-like ZnO structure can be successfully 
synthesized by solvo-thermal method, using C2H5OH as 
solvent, NaCl and C19H42BrN as the additive, 
Zn(NO3)2·6H2O and NaOH as the starting materials. 

2) The XRD and PL results show that the nest-like 
ZnO crystal has a wurtzite structure, with UV emission 
at about 395 nm, a green emission at around 557 nm and 
a weak emission at about 453 nm. 

3) The growth of nest-like ZnO involves three 
stages: firstly, nano-sized ZnO sheet is achieved; 
secondly, ZnO sheet outspreads quickly along the 
vertical directions of [0001] and ]0110[ , and evolves 
into a long fishbone-like strips with many branch sheets; 
finally, these strips curl into a nest-like structure. 
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