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ABSTRACT 

ZnO nanostructures were prepared on corning glass substrate by flow coating process with different annealing tem- 
perature from 100˚C to 600˚C. Fresh and two days aged solutions were used to investigate the growth behavior and to 
evaluate the nanostructure of ZnO. The effect of preparation conditions on the deposition of ZnO nanostructure was 
investigated by scanning electron microscopy (SEM), X-ray diffraction (XRD), Raman, and photoluminescence spec- 
troscopy (PL). The results indicated that the solution aging condition and annealing temperature have a strong influence 
on the morphology and structural properties of the ZnO nanostructure. The solution aged after two days shows the dif- 
ferent morphologies compared with the freshly prepared solution. 
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1. Introduction 

Synthesis of one-dimensional (1-D) nanostructures with 
interesting hierarchical organization has attracted much 
attention in recent years because of fundamental curiosity 
as well as practical reasons [1-4]. 1-D nanostructure has 
been studied for optoelectronic nanodevice applications 
as a promising candidate for UV light emitting diodes 
and laser diodes. The ability to precisely control their di- 
mensions, chemical composition, surface properties, phase 
purity and crystal structure has become more and more 
important for the utilization of 1-D nanostructures in a 
broad range of areas [5]. Semiconducting oxides such as 
ZnO, In2O3 and SnO2 have a wide range of application in 
transparent conductive films, optical devices, solar cells, 
sensors, photocatalysis, transparent field effect transistors 
and bulk acoustic wave devices etc., [6-9]. Among these, 
ZnO has attracted much attention for its potential appli- 
cations in optoelectronics and microelectronics. With the 
development of research on fabrication and applications 
of ZnO particles and films, more and more valuable re- 
search results have confirmed that the morphology of 
ZnO particles and films plays the key role for the applica- 

tions of ZnO in special fields [10,11]. 
A wide variety of ZnO nanostructures have been syn- 

thesized by the various techniques and are reported in the 
literature till date [12-14]. Recently, self-catalysis of Zn 
or ZnO was discovered in the catalyst-free methods for 
preparing ZnO nanostructures. So far, nanocrystalline 
ZnO with different particle morphologies and sizes has 
been obtained by several preparation approaches includ- 
ing thermal decomposition, chemical vapor deposition 
(CVD), pulsed laser deposition (PLD), gas phase reaction, 
hydrothermal synthesis and so on. However, these meth- 
ods are expensive and require high vacuum and forma- 
tion controlling conditions. Recently, solution phase rou- 
tes including microemulsion, solvothermal, hydrothermal, 
self-assembly and template assisted sol-gel process have 
been employed to synthesize ZnO nanostructure [15]. 
Among the fabrication methods, solution deposition me- 
thod is the simplest, cheapest and the most attractive one. 
Our work is focused on the growth of ZnO nanostructure 
using aged sol-gel solution of zinc acetate di-hydrate. 
This work reports on improvement in optical and crys- 
tallographic properties of ZnO nanostructure using aged 
solution with different annealing temperature. The ZnO 
nanostructures have been grown in large areas without a *Corresponding author. 
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catalyst by this simple and low cost method. Here ZnO 
nanostructures were successfully grown on glass sub- 
strates using aged solution giving strong photolumines- 
cence around 383 nm wavelengths when compared with 
visible region around 525 nm. 

2. Experimental Method 

A coating precursor solution was prepared by dissolving 
zinc acetate di-hydrate (Zn(CH3COO)2·2H2O, Nacalai Tes- 
que Chemical Co. Ltd., 99.5%) and equivalent molar quan- 
tity of monoethanolamine (MEA, Nacalai Tesque Chemi- 
cal Co. Ltd., 99.5%) in 2-methoxyethanol (Nacalai Tes- 
que Chemical Co. Ltd.). The precursor solution was ho- 
mogenously mixed by simple stirring for 3 hours at room 
temperature and then at 60˚C for 2 hours. The precursor 
sol was deposited onto the preheated Corning glass by 
spin coating at 2000 rpm for 20 seconds and then at 3000 
rpm for another 20 seconds at room temperature. Imme- 
diately after the coating, the precursor films were subjec- 
ted to curing at 300˚C for 10 min to remove the excess 
solvents and residual moisture. Finally, the coated sub- 
strates were annealed at 600˚C for 2 hr in air atmosphere. 
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The morphology of the as-prepared films was observ- 
ed by SEM (SEM, S-3000H Hitachi). The crystallinity of 
each ZnO film was analyzed by an XRD (X-ray diffrac- 
tometer—JEOL) with Cu Kα radiation. Raman spectra were 
measured with Raman spectrometer (NRS 1500 W Ra- 
man Spectrometer—JASCO) with the excitation wave- 
length of 523 nm and PL (JASCO) were measured at 
room temperature of He-Cd laser at 325 nm excitation. 

3. Results and Discussion 

The XRD patterns of the ZnO nanostructure are shown in 
Figures 1 and 2 for different annealing temperatures using 
fresh and two days aged solution coated on Corning glass 
substrates. For fresh and two days aged solution, the dif- 
fraction peaks of ZnO nanostructure were not clearly 
observed for the samples annealed below 300˚C which 
confirms that the crystal was in the amorphous state. This 
is due to the thermal decomposition of the zinc acetate at 
240˚C. When the ZnO nanostructure is prepared from 
zinc acetate-2-methoxyethanol-MEA solutions, the crys- 
tal begins to grow only at 200˚C - 300˚C. Therefore the 
diffraction peaks were not observed clearly at the an- 
nealing temperature below 300˚C. The diffraction peaks 
such as (101), (100) and (002) planes were observed for 
the ZnO samples annealed above 300˚C and this is due to 
the annealing treatment which results in the formation of 
oriented ZnO nanoparticles on the substrates. No charac- 
teristics peaks were observed for impurities from Figures 
1 and 2 which illustrate that the entire crystalline precur- 
sor has been decomposed and grown into ZnO crystal 
[16]. Increasing the annealing temperature enhances uni-  

 

Figure 1. XRD patterns of the ZnO nanostructure prepared 
from fresh solution with different annealing temperatures. 
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Figure 2. XRD patterns of the ZnO nanostructure prepared 
from two days aged solution with different annealing tem- 
peratures. 
 
form crystal grow at 600˚C and the diffraction peaks 
were stronger by comparing the samples annealed from 
100˚C to 500˚C. Figure 3 shows the XRD patterns of the 
ZnO nanostructure using (a) fresh and (b) two days aged 
solution annealed at 600˚C. For the samples prepared 
from fresh solution, the diffraction peaks such as (100), 
(101) and (002) are broader. But after two days aging the 
diffraction peaks were intense and narrow which indi- 
cates that material has good crystallinity [17] and large 
grain size. All the diffraction peaks from the film pre- 
pared by aged solution can be well indexed to the hex- 
agonal phase of ZnO reported in JCDDS card (No. 36- 
1451). The lower intensities and broader diffraction 
peaks from fresh solution samples show that the films 
may have finer crystalline size when compared to aged 
samples. The lowest (0.435˚) and highest (0.528˚) full 
width at half maximum (FWHM) were obtained for films 
made from aged and fresh solution as shown in Figure 3. 
However the value of FWHM is inversely proportional to 
the grain size implying that the grain size of the samples 
was improved in the aged solution when compared with  
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Figure 3. XRD patterns of the ZnO nanostructure prepared 
from (a) fresh and (b) two days aged solution annealed at 
600˚C. 
 
fresh solution. The grain size of the films was calculated 
from the FWHM of the peak corresponding to (002) 
plane using Scherrer formula [18]. 

0.94 cosl Bλ θ=  

where λ is radiation wavelength (1.54 Å), B is FWHM of 
the diffraction peak and θ is a diffracting angle. The 
grain size was 15.8 and 19 nm for fresh and aged solu- 
tion respectively. From the XRD results it was found that 
the aged solution samples are having hexagonal structure 
with large grain size and this leads to the improved quali- 
ty of the ZnO nanostructure. The aging conditions are 
such that the systems will tend to reach their thermody- 
namic colloidal stability and this stability leads to the va- 
riations of morphology, size, or structural properties as a 
result of the aging mechanism [19]. 

Figures 4 and 5(a)-(d) show the SEM images of ZnO 
nanostructure grown on glass substrates prepared from 
fresh and two days aged solution annealed at 300˚C, 
400˚C, 500˚C and 600˚C respectively. At below 300˚C 
uniform crystal structure was not grown completely and 
poor alignment of the nanostructures was observed. This 
was confirmed by X-ray diffraction pattern by showing 
weak orientation peak at below 300˚C. When increasing 
the annealing temperature from 300˚C to 600˚C the na- 
nostructure grows along the (101), (100) and (002) direc- 
tions and also improved the structural alignment. From 
Figures 4(c) and 5(c), it is observed that the crystal 
started to grow on the surface which is perpendicular to 
the substrate. The ZnO films prepared from fresh solu- 
tion and annealed at 600˚C shows that the grains sizes 
are large and no evidence for hexagonal structure of the 
ZnO nanostructure as shown in Figure 4(d). In Figure 
5(d), the sample shows hexagonal structure and it con- 
firms that the films are indexed to the hexagonal phase of 
ZnO. These results agree well with the X-ray results. The 
samples annealed at 600˚C using two days aged solution  

 
(a)                           (b) 

 
(c)                           (d) 

Figure 4. SEM images of the ZnO nanostructure prepared 
from fresh solution with different annealing temperature of 
(a): 300˚C; (b): 400˚C; (c): 500˚C; (d): 600˚C. 
 

 
(a)                           (b) 

 
(c)                           (d) 

Figure 5. SEM images of the ZnO nanostructure prepared 
from two days aged solution with different annealing tem- 
perature of (a): 300˚C; (b): 400˚C; (c): 500˚C; (d): 600˚C. 
 
gives the same wurtzite ZnO patterns with high intensity 
of diffraction peaks which provides further evidence that 
the aged solution has little influence on the orientation of 
the ZnO nanostructure. 

Raman spectrum is an effective method to investigate 
the crystallization, structure and defects in the nanostruc- 
ture materials. Wurtzite ZnO belongs to the C4

6V space 
group with two formula units per primitive cell. Figures 
6 and 7 show the Raman spectra of ZnO nanostructure 
grown at temperatures ranging from 100˚C to 600˚C us- 
ing fresh and two days aged solution. There is no varia- 
tion observed for the samples annealed at 100˚C to 300˚C 
as shown in Figures 6 and 7. When samples are annealed  
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Figure 6. Raman spectra of ZnO nanostructure prepared
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from fresh solution with different annealing temperatures. 
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Figure 7. Raman spectra of ZnO nanostructure prepared

t 400˚C to 600˚C, the peak at 437 cm−1 was observed 
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Figure 8. Raman spectra of ZnO nanostructure prepared

esh and (b) two days aged solution annealed at 600˚C. 

ow the PL spectra of the samples 
pr

 

from two days aged solution with different annealing tem- 
peratures. 
 
a
which leads to the ZnO nonpolar optical phonon (E2) modes 
and it is an assigned Raman peak of ZnO bulk [20]. The 
peak at 330 cm−1 assigned to the Raman spectrum arising 
from zone boundary phonons 3E2H-E2L (multiphonon), 
while the peak at 561 cm−1 leads to the E1 (LO) mode of 
ZnO associated with oxygen deficiency [21]. The sam- 
ples grown at higher temperature exhibit a very low oxy- 
gen vacancy and this may be due to influence of change 
in particle size annealed at high temperature [22]. How- 
ever when samples are annealed in air, excess zinc in the 
film becomes oxidized, the impurity states disappear and 
the magnitude of resonance Raman enhancement of the 
E1 (LO) mode is diminished. The peak intensity of opti- 
cal phonon mode E2 is increased slightly when increas- 
ing the annealing temperature from 400˚C to 600˚C for 
the samples prepared from fresh solution but in two days 
aged solution the intensity of E2 mode is largely in- 
creased when compared with fresh solution. Figure 8 
shows the Raman spectra of ZnO films obtained from (a) 

 
from (a) fresh and (b) two days aged solution annealed at 
600˚C. 
 
fr
Samples prepared from aged solution indicate the most 
intense peak at 437 cm−1 when compared with fresh solu- 
tion, which corresponds to the vibrational mode of E2 
(high). The E2 mode corresponds to the band character- 
istics for the wurtzite hexagonal plane of ZnO. The hi- 
ghest intensity and narrower spectral width of the Raman 
active E2 mode indicated that the as-grown ZnO have 
good quality with a hexagonal wurtzite crystal phase. 
From this result, it is confirmed that the ZnO nanocrys- 
tals possibly gives the better crystal quality and less im- 
purity when using the two days aged solution instead of 
using a fresh solution. 

Figures 9 and 10 sh
epared from fresh and two days aged solution annealed 

at 400˚C, 500˚C and 600˚C. In Figure 9 the UV emission 
was not observed clearly for samples annealed from 
400˚C and 500˚C. When samples annealed at 600˚C the 
broad luminescence band was observed around 470 nm 
other than the weak UV emission. However the aged 
solutions do not exhibit this luminescence band. Detlef et 
al., [23] reported that the freshly prepared ZnO colloidal 
suspension exhibit a single broad fluorescence band with 
initial maximum around 460 nm. From this we can un- 
derstand that the broad band around 470 nm may be due 
to the blue shift of fresh colloidal suspension of ZnO. 
The results of PL spectra may prove that the solution 
condition has a little influence on the ZnO nanostructure. 
All the spectra from aged solution have a UV emission 
around 383 nm and visible emission around 530 nm, 
which is generally discussed with respect to oxygen va- 
cancies at the surface. The UV band emission of ZnO has 
been well demonstrated to the near band-edge transition, 
namely the recombination of free excitons through exci- 
ton-exciton emission process [24]. In Figure 10 the sam- 
ples annealed at 400˚C shows that the UV emission peak 
which is almost equal to the green band emission. This 
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Figure 9. PL spectra of the ZnO nanostructure prepared
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from fresh solution with different annealing temperatures 
measured at room temperature. 
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Figure 10. PL spectra of the ZnO nanostructure prepared

roves that these samples do not have good crystalline 
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Figure 11. PL spectra of the ZnO nanostructure prepared

eak when compared with samples annealed at 400˚C 

4. Conclusion 

 work is that the nanostructure of ZnO 

from two days aged solution with different annealing tem- 
peratures measured at room temperature. 
 
p
quality as they have many oxygen vacancies. But in the 
case of sample annealed at 500˚C and 600˚C much 
weaker visible emission and sharper UV peak helps to 
demonstrate much better optical properties. The green PL 
has been observed in the ZnO nanocrystals grown by 
hydrothermal, CVD and electrochemical methods and its 
origin are commonly attributed to the photo generated 
holes with singly ionized oxygen vacancies. However the 
PL spectrum of ZnO nanocrystals array is depending on 
the growth temperature. The band edge PL intensity in- 
creases greatly and the intensity of green PL decreases a 
lot when increasing the annealing temperature from 
500˚C to 600˚C. Increasing the growth temperature will 
improve the crystal quality of ZnO nanostructure to a 
certain extent [25]. Although the reason for the growth 
temperature dependent PL is not quiet clear when related 
to the formation mechanism of oxygen vacancies. From 
the PL results it was observed that samples annealed at 
600˚C gives a strong UV peak and much lower green  

 
from (a) fresh and (b) two days aged solution annealed at 
600˚C. 
 
p
and 500˚C. Figure 11 shows the PL spectra measured at 
room temperature for (a) fresh and (b) two days aged 
solution annealed at 600˚C. From aged solution a strong 
and high intensity peak around 383 nm in the UV region 
and week band around 530 nm in the visible region was 
observed. The strong room temperature UV emission of 
aged solution should be attributed to the high purity, 
good crystallinity of the as synthesized ZnO nanostruc- 
ture. It has been reported that the improvement in the 
crystal quality may cause the appearance of a sharp and 
strong UV emission and a suppressed and week green 
emission [26]. The PL result indicates that the optical 
properties of ZnO nanostructure were improved by the 
aged solution when compared with fresh solution. 

The success of this
has been prepared at low cost by a simple solution me- 
thod. This method is based on a simple procedure and 
doesn’t need template supporting which leads to the for-
mation of ZnO nanostructure. A systematic study of this 
work reveals that the use of aged sol-gel solution along 
with growth parameters will lead to the formation of ZnO 
nanostructure with low oxygen vacancy defect density, 
which might find potential applications in nanodevices. 
The annealing temperature plays a crucial role for the im- 
provement of ZnO nanostructure. For the samples anneal- 
ed below 300˚C, the crystal growth is non-crystalline and 
incomplete with poor orientations. The samples prepared 
by two days aged solution exhibit stronger UV emission 
than broad green emission, which indicates that the high 
optical quality of the ZnO nanostructures is prepared 
from aged solution. It is worthy to note that the aging 
mechanisms have a great influence on the formation of 
good quality ZnO nanostructure. 
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