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Abstract. In the present work, we report the synthesis of high quality ZnO nanocrystals by 
solochemical technique. This synthetic strategy has been shown to have advantages over other 
methods of producing nanostructures in terms of low cost, efficiency, simplicity and uniformity 
of crystal structure. Zinc chloride solution at room temperature was mixed with sodium 
hydroxide solution at 50°C to produce ZnO nanocrystals. Transmission electronic microscopy 
(TEM) and X-ray powder diffraction (XRD) were used to characterize the ZnO nanocrystals 
obtained. The structure of ZnO was refined by the Rietveld Method from X-ray diffraction 
data. These methods showed that the product consisted of pure ZnO nanocrystals and has, 
predominantly, a rod-like morfology. 

Introduction 
Powders in nanoscale can exhibit properties that differ substantially from those of bulk 
materials as a result, principally, of small particle size, high surface area and quantum 
confinement [1]. These materials are currently attracting increasing attention for the wide 
range of new applications in various fields of industry [2]. Among them, zinc oxide (ZnO) 
nanocrystals have been one of the most intensively studied owing to their versatile applications 
and high performance.  
Wurtzite ZnO has a hexagonal structure (space group P63mc) with lattice parameters a = b = 
0.3250 nm and c = 0.5207 nm [3]. This material is a wide band-gap (3.37 eV) semiconductor 
with a large exciton binding energy (60 meV) exhibiting near UV emission, optical 
transparency, electric conductivity and piezoelectricity [4, 5]. Furthermore, ZnO is bio-safe and 
biocompatible, and may be used for biomedical applications [6]. Therefore zinc oxide has been 
widely exploited in several applications, such as varistors, solar cells, UV-protection films, 
luminescent, electrical and acoustic devices and chemical sensors [7, 8]. Various kinds of ZnO 
nanostructures such as nanorods, nanobelts, nanohelixes, nanorings, nanowires, nanoneedle 
and nanowalls [9 - 12] have been produced by different methods. 
In the recent years, various chemical and physical methods have been employed to generate 
ZnO nanostructures. Among the chemical methods for preparing high-quality ZnO powders 
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stands out the solochemical technique. This route has the advantages to obtain high crystallized 
ZnO nanocrystals in a few hours and in moderate temperature, without necessity of any 
posterior treatments [13]. Due to the simplicity, versatility and low cost of this route, the 
solochemical technique is a process extremely viable for industrial production of zinc oxide 
[14]. 
In this study, the solochemical technique was used to obtain ZnO nanocrystals by a reaction 
between aqueous solutions of ZnCl2 and NaOH in the temperature of 50°C. The structural 
properties and morphology of the fabricated nanocrystals have been investigated by the 
transmission electronic microscopy (TEM) and X-ray diffraction (XRD) technique. The 
average crystallites size and microstrain of ZnO nanocrystals was also calculated by Rietveld 
refinement from XRD data. 

Experimental 
ZnO nanocrystals were obtained by solochemical technique using zinc chloride (ZnCl2) and 
sodium hydroxide (NaOH). All the reagents were analytically pure and used without further 
purification. 0.3 M ZnCl2 and 1.0 M NaOH solutions were prepared with deionized water. The 
aqueous solution of zinc chloride at room temperature was dropped, under stirring, into a 
reactor contained the alkaline solution at 50°C.  
During the dripping (60 minutes), the decomposition of the ZnCl2 solution into the zinc oxide 
nanocrystals occurs. This process results in an immediate precipitation and then the color of 
the suspension change gradually from transparent to white. After complete dripping, the 
resulting solution was maintained in the reaction temperature of 50ºC, under vigorously 
stirring for two hours. The material obtained was washed, filtered and dried in an oven at a 
maximum temperature of 65°C for several hours. 
The crystal structure of the ZnO samples was determined by X-ray diffraction (XRD) using a 
PanAnalytical X'pert PRO Multi-Purpose diffractometer with Cu K radiation ( = 1.5418 Å). 
Transmission electron microscopy (TEM) micrographs of the product were taken on a JEM-
1011, employing an accelerating voltage of 100 kV. To estimate the average crystallite size 
and microstrain, the X-ray diffraction patterns were fitted with a pseudo-Voigt profile by the 
Rietveld method using the GSAS program package [15, 16]. Refinements were carried out 
from a starting model based on information provided in the ICSD databases [17]. 

Results and Discussion 
Figure 1(a) shows the XRD patterns of the ZnO powder prepared by solochemical technique at 
50°C in this work. The ZnO nanocrystals exhibit diffraction peaks characteristic of the ZnO 
wurtzite hexagonal phase (wurtzite-type, space group P63mc), according to the Inorganic 
Crystal Structure Database (ICSD) card number 57450, which implies that only pure ZnO was 
formed. No characteristic diffraction peaks from other phases or impurities were detected. The 
sharp peaks indicate that the product was well crystallized. These results confirmed that ZnO 
was successfully synthesized by solochemical technique. 
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Fig. 1. Experimental and fitted XRD patterns of the material obtained by the solochemical 
technique at (a) 50°C. The difference between experimental and fitted is shown in gray. 
Dummy pattern of the ICSD card no. 57450 is also presented. 

The crystal structure of ZnO was further refined from powder Xray diffraction data shown in 
Fig. 1(a) by Rietveld Method. Refinement analysis revealed that the powder consists of single 
phase ZnO with lattice parameters a = b = 3.2516 Å and c = 5.2096 Å, (3.2494 and 5.2038 Å 
for the card no. 57450), average crystallites size of 57.2 nm and microstrain of 0.07 %. 
Transmission electron microscopy (TEM) was employed for further investigations of structural 
characteristics of ZnO nanocrystals synthesized at 50°C. In figure 2, the TEM image shows 
that many rod-like products can be clearly seen. The average diameter size of the ZnO 
nanocrystals determined from TEM is about 22 nm. 
 

 
 
Fig. 2. TEM image of the synthesized ZnO nanocrystals by solochemical technique at 50°C. 
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Conclusions 
In this work, the rod-like ZnO nanocrystals were prepared by an economical and simple 
solochemical technique using aqueous solutions of zinc chloride and sodium hydroxide at 
50°C. The ZnO products formed by this method have high quality. The X-ray diffraction 
results confirmed the synthesis process efficiency, showing that the ZnO crystals are single 
crystalline with hexagonal wurtzite structure and nanometric. The transmission electron 
microscopy image showed that the powder has, predominantly, a nanometric rod-like 
morphology. 
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