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Abstract 
ZnO plays an important role in many semiconductors technological 
aspects. Here, direct precipitation method was employed for the 
synthesis of nano-sized hexagonal ZnO particles, which is based on 
chemical reactions between raw materials used in the experiment. 
ZnO nanoparticles were synthesized by calcinations of the ZnO 
precursor precipitates at 250 ˚C for 3hours. The particle size and 
structure of the products have been confirmed by XRD. The FT-IR 
study confirms the presence of functional groups. Also, the 
morphology and size distribution of ZnO nanoparticles was 
analyzed by TEM images. The optical properties were investigated 
by UV–Visible spectroscopy. The XRD results show that the size 
of the prepared nanoparticles is in the range of 20–40 nm, which 
this value is in good agreement with the TEM results. The FT-IR 
spectrum clearly indicates the formation of an interfacial chemical 
bond between Zn and O. Also the UV absorption depends on the 
particles size and morphology, so the optical properties enhances 
with decreasing nanoparticles size. Moreover the direct 
precipitation technique is a feasible method for production of ZnO 
nanopowders. 
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1. Introduction 
   In recent years, the synthesis and functionalism 
of nanostructures have attracted vast and persistent 
interest because of their significant potential 
application. The ZnO is known to be a wide band-

gap (3.37 eV) with a high exciton binding energy 
(60 meV) and exhibit the most sheeny and 
numerous configuration of nanostructure that one 
material can form. Also, ZnO as an important 
semiconducting material has a wide range of 
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applications in gas sensors, chemical absorbent, 
nanogenerators, electrical and optical devices, 
electrostatic dissipative coatings, and advanced 
ceramics [1].  
   The properties of the ZnO closely depend on the 
nanostructures of the materials, including crystal 
size, orientation and morphology, aspect ratio and 
even crystalline density [2]. The high surface area 
and morphology also have an important role in 
many applications. A variety of different 
morphologies of ZnO nanostructures including 
wires, rods, spheres, flowers, combs, balls have 
been synthesized to date [3-7]. Therefore, there are 
various physical and chemical methods for the 
product of different ZnO nanostructures with 
controlled crystalline morphology, orientation and 
surface architectures. The physical methods such 
as DC magnetron sputtering, RF magnetron 
sputtering, vapour phase deposition, metal-organic 
vapor-phase epitaxy (MOVPE), and pulsed laser 
deposition (PLD) [8-12]. Further, the chemical 
methods including sol-gel, micro-emulsion, 
hydrothermal, self-assembly, homogenous, 
microwave assisted hydrothermal and direct 
precipitation [13-16] have been reported for 
synthesis of ZnO nanostructures. In precipitation 
methods, the zinc sources are generally zinc nitrate 
and zinc acetate.  

In this study, we have investigated the role of 
different concentration ratios of reactants for 
synthesis of ZnO nanoparticles via direct 
precipitation method (DPM). Here, ZnO 
nanoparticles were prepared by precipitation from 
zinc acetate dehydrate and sodium hydroxide. The 
ratio of concentration of precursor was varied from 
1:1 to 1:4 (zinc acetate dehydrate: Sodium 
hydroxide). This method exhibits several 
advantages like low equipment and low cast, large 
scale production, low-temperature process and no 

catalyst assistant. ZnO nanoparticles were obtained 
and their size, morphology, structure, and optical 
properties were studied. 

 
2. Experimental procedure 
   All the chemicals used in this study were of 
analytical grade and used without further 
purification. First, zinc acetate dehydrate (Merck, 
99%) and sodium hydroxide (Merck, 99%) was 
dissolved in distilled deionized water to form 
liquid mediums with necessary concentrations. 
Zinc acetate dehydrate solution was slowly added 
drop wise into sodium hydroxide solution under 
vigorous stirring at room temperature and formed a 
transparent white solution. In this way, for earning 
the optimal condition, different concentration 
ratios of aqueous solutions of zinc acetate 
dehydrate to the sodium hydroxide were prepared. 
The ratios of concentration were varied from 1:1 to 
1:4 (zinc acetate dehydrate: sodium hydroxide). 
These solutions were slowly reacted to produce the 
precipitates of ZnO particles. In the next step, the 
precipitates derived after the reaction between zinc 
acetate dehydrate and sodium hydroxide solutions 
were collected by filtration and rinsed three times 
with distilled deionized water and ethanol. 
Afterwards, the washed precipitates were dried in 
an electric oven at 100˚C for 5h until the 
precursors of ZnO to be formed. At the final step, 
the precursors were calcinated at a temperature of 
250˚C for 3h to obtain the ZnO nanopowder. The 
1:1 concentration ratio (zinc acetate dehydrate: 
sodium hydroxide) was optimum sample. 

The crystallinity and crystal phases of the 
nanoparticles were analyzed by the X-ray 
diffraction (MMA, GBC) spectroscopy with Cu Ka 
radiation (λ= 1.54 A °) in the range of 20–80° by a 
step size of 0.05° per second. The structural and 
morphological investigation was carried out by 
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transmission electron microscopy (Philips, CM10). 
The Fourier transform infrared absorption (FT-IR) 
spectroscopy was carried out at room temperature 
by the FT-IR spectrophotometer. For this 
spectroscopy, a pellet of the powder was prepared 
with KBr. The optical properties of the samples 
were studied by the UV–visible (UV–Vis) 
absorption double beam spectrophotometer with a 
deuterium and tungsten iodine lamp. 
 
3. Results and discussion  

The XRD patterns of ZnO nanoparticles are 
showed in Fig. 1. All peaks can be well indexed to 
the hexagonal phase of ZnO with a wurtzite 
structure (JCPDS 36-1451). No peaks from other 
phase of ZnO and impurities are observed, 
confirming that high-purity ZnO nanoparticles be 
obtained. The strong and narrow diffraction peaks 
indicate that the nanoparticles have a good 
crystallinity and size. 

 

 
Fig. 1. XRD patterns of ZnO nanoparticles with 1:1 
concentration ratio. 
 
The ZnO crystallite sizes are calculated using 
Debye-Scherrer’s formula [1], 
D = (0.89	λ)/(β	cos	 θ	)                                  (1) 

Therein, λ is the wavelength of the Cu kα radiation 
(1.54 A˚), β is the full width at half maximum of 
the peak, and θ is the Bragg’s angle obtained from 
the 2θ value corresponding to the maximum 
intensity peak in XRD pattern. Clearly, an increase 
in concentration ratios brings about a 
corresponding increase on crystallite size and 
leading to sharper diffraction peaks and the results 
are given in Table 1. We are notice that the 
applicability of Scherrer’s formula is restricted to 
small particles (usually smaller than 100 nm) and 
the above observed that the average size of the 
nanoparticles varied from 20 to 36 nm.  
 
Table 1. Crystallite sizes of the ZnO nanoparticles with 
different concentration ratios. 

Sample Con. ratio 
[wt%] 

FWHM 
(deg) 

Particle  
Size (nm) 

a 1:1 0.44 20 
b 1:2 0.30 27 
c 
d 

1:3 
1:4 

0.27 
0.23 

30 
36 

 
   In order to study the mechanism of the 
functionalization process, the FT-IR spectra of the 
obtained optimum ZnO precursor dried at 100°C 
for 5 h were examined. Fig. 2 shows the FT-IR 
spectra of the sample, the absorption peaks at 3250 
cm−1 and 3400 cm−1 attributed to hydroxyl (OH) 
groups, The FT-IR absorption band at 410 cm−1 
was the characteristic absorb peak of ZnO. Also, 
peaks at 1400, 1560, 2900 and 2980 cm−1 are 
attributed to the asymmetric and symmetric 
stretching vibrations CH2 and CH3 groups. These 
results prove that the C2H5OH molecule remained 
in a strong chemical adsorption on the precursor 
surface and by thermal decomposition process will 
be removed. 
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Fig. 2. FT-IR spectrum of the ZnO precursor dried at 
100 °C for 5 h.  

  
   Fig. 3 shows the FT-IR spectrum of ZnO 
nanoparticles calcinated at 250 for 3 h. As can be 
seen, there aren’t any of the previous peaks after 
calcinations. Therefore, during the thermal 
decomposition precursor process, C2H5OH 
molecule disported of the precursor surface and we 
consider that the grains are high-purity of ZnO 
nanoparticles. 
 

 
Fig. 3. FT-IR spectrum of the ZnO nanoparticles 
calcinated at 250°C for 3 h. 

   In the process of ZnO nanoparticles preparation 
by direct precipitation method, concentration ratios 
of reactants have a great effect on the size 
distribution and dispersion of ZnO. The actual size 
of optimum ZnO nanoparticles, which can be seen 
from the TEM images shown in Fig. 4, was 18 nm. 
Also, observed ZnO nanoparticles are 
approximately both spherical and hexagonal. We 
know that, at best condition, the precision of 
crystallite size analysis by Debye-Scherer is of the 
order of ±10٪ [17].  However, the nanoparticles 
size estimated by X-ray diffraction, which 
identifies the underlying lattice planes, is 20nm. 
This value of nanoparticles size is in good 
agreement with the TEM result with an acceptable 
precision limit. Thus, our samples have a high 
surface area which is appropriate for applications 
in advanced technologies. 

 

 
Fig. 4. TEM images of ZnO nanoparticles. 
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   The UV–Vis absorption of the ZnO nanoparticles 
is related to their size. As we know that the 
interface and surface play a key role in the light 
absorption of materials [18]. The UV–Vis 
spectrum of the ZnO nanoparticles was observed 
by dispersing the powder in deionized water. Fig. 5 
shows the UV–Vis spectrum of ZnO nanoparticles 
measured at room temperature. A broad band can 
be seen at 317 nm (3.30 eV), which is very close to 
the band gap of ZnO 1s–1s electron transition (3.37 
eV) [18].  
 

 
Fig. 5. UV-Vis spectrum of the nano-sized ZnO 
powders. 
 
4. Conclusion  
   ZnO nanoparticles were synthesized with 
different concentration ratios of zinc acetate 
dehydrate to Sodium hydroxide by direct 
precipitation method at room temperature. XRD 
results show formation of hexagonal wurtzite ZnO 
structure with high crystallinity. TEM revealed the 
size distribution of nanoparticles. The actual 
average size of optimum ZnO nanoparticles was 18 
nm, which the estimated sizes given by XRD and 
TEM are in good agreement. Observed ZnO 

nanoparticles were approximately both spherical 
and hexagonal.  

Optical properties of the ZnO nanoparticles 
depended on the size of nanoparticles. The UV 
light absorbance of the ZnO nanoparticles 
increases generally with decreasing particles. So 
the optical properties get better with increasing 
ratio of surface to volume in ZnO nanoparticles. 
Results reported herein provide a facile and with 
desired properties.  
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