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ABSTRACT 
 

 Synthesis of metal oxide nanoparticles for application such as catalysis, electronics, textiles, environmental protection and 
biotechnology is an area of research in the present scenario. Zinc oxide (ZnO) nanoparticles have attracted immense interest now because 
of their unique properties and potential applications in optoelectronic devices, antibacterial studies, nano device fabrication, etc. In this 
present work, synthesis of ZnO nanoparticles by low temperature chemical precipitation route using different precursor salts is presented. 
During the synthesis, known concentration of aqueous zinc salt solution (zinc nitrate or zinc chloride or zinc sulphate) was mixed with the 
aqueous sodium hydroxide solution (precipitant) to obtain white coloured zinc hydroxide precipitate. The precipitate was filtered and 
washed with water:ethanol (9:1) mixture. After washing, the precipitate was dried at 80o C over night. The final heat treatment was carried 
out at 600o C for 3 hours to get pure phase of ZnO nanoparticles. The prepared nanoparticles were characterized by XRD, FTIR 
spectroscopy, particle size analysis and SEM. From the results, the effect of precursor zinc salts on the synthesis of fine particles of ZnO is 
discussed and reported.  

 
Keywords: Zinc oxide nanoparticles; chemical precipitation; characterization; effect of precursor salts. 

 
INTRODUCTION 

 
 Nanostructured materials have attracted 
considerable attention in recent years because they 
exhibit usual and unusual properties compared to 
conventional polycrystalline materials [1].  There is a 
growing interest in II-VI compound semiconductor 
ZnO because of its direct band-gap of 3.37 eV at 
room temperature [2]. Zinc oxide (ZnO) finds 
enormous applications in solar energy conversion 
[3], varistors [4], luminescence [5-6], electrostative 
dissipative coatings [7], transparent UV protection 
films [8], chemical sensors [9-10], spintronic devices 
[11-12], etc.  ZnO nanoparticles have been prepared 
by solution precipitation [13-14],  sol-gel processing 
[15-16], hydro-thermal synthesis [17-18], 
combustion synthesis [19-20], spray pyrolsis [21-22], 
etc. In many of the above routes, the main objective 
is the synthesis of phase pure ZnO based materials 
for different applications.  The objective of this 
research work is the preparation of ZnO 
nanoparticles by a simple wet chemical route called 
chemical precipitation process using three different 
zinc precursor salts and sodium hydroxide and to 

study the effect of zinc precursor salts in the 
preparation ZnO nanoparticles. The obtained results 
were reported and discussed.   
 
Experimental: 
Reagents: 
 High purity reagents, as received, were used in 
the present study. All the solutions were prepared in 
double distilled water in laboratory glassware.  
 
Preparation of pure ZnO: 
 The aqueous solutions of zinc nitrate / zinc 
chloride / zinc sulphate [as basic materials] and 
sodium hydroxide [as precipitator material] were 
prepared. The prepared zinc salt solution was added 
drop wise into the sodium hydroxide alkaline 
solution. The above two solutions were mixed 
perfectly by a magnetic stirring apparatus at room 
temperature for 2 hours.  Throughout the experiment, 
the pH was maintained as pH>9 by the addition of 
alkali. The resultant precipitate [Zn(OH)2] was 
filtered and then carefully washed with water and 
ethyl alcohol (9:1 v/v) and dried at 80o C for 15 
hours. Then, the calcination was carried out at 300, 
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450 and 600o C for 2 hours each to get a phase pure 
material.  The amount of precursor materials used for 
the preparation of  ZnO nanoparticles is indicated in 
Table – 1. Fig. 1 shows the schematic illustration of 
the synthesis of ZnO nano particles by the chemical 
precipitation method. Main reactions involved in the 
preparation of ZnO are mentioned as follows: 
 
Reaction mechanism involved in the preparation of 
ZnO: 
2 NaOH(s) → 2 Na+

(aq) + 2 OH-
(aq),

 

Zn(NO3)2.6 H2O(s) → Zn2+
 (aq)

 + 2 NO3
- 

(aq) + 6 H2O 

(aq) or 
ZnCl2(s) → Zn2+

 (aq)
 + 2 Cl- (aq) or 

ZnSO4.7 H2O(s) → Zn2+
 (aq)

 + 2 SO4
2- 

(aq) + 7 H2O (aq)  
Zn2+

(aq)  + 2 OH-
(aq) + x H2O (aq)→ Zn(OH) 2.x H2O(s)↓, 

80o C 
Zn(OH)2.x H2O(s) ↓ → Zn(OH)2(s) + x H2O (g), 

600o C 
Zn(OH)2(s) → ZnO(s) + H2O (g)↑. 
 
Characterization of the nanoparticles:  
 The powder XRD studies were carried out using 
Shimadzu XRD6000 X-ray diffractometer at a scan 
speed of 5 deg/min using CuKα radiation. Avatar 
360 FT-IR spectrometer (Thermo Nicolet – USA) 
was employed to record the FTIR spectra of ZnO 
powders in the range of 4000 – 400 cm-1.  The 
crystallite sizes of the ceramic powders were 
calculated by scherrer’s formula. The particle size of 
the powder was measured by Malvern particle size 
analyzer using triple distilled water as medium. The 
surface morphology of the particles was studied by 
means of JEOL Model JSM-6360 scanning electron 
microscope. 
 
Results And Discussion 
 
XRD studies: 
 The XRD patterns of the ZnO powder prepared 
by chemical precipitation method using precursor 
salts such as, zinc nitrate, zinc chloride and zinc 
sulphate with sodium hydroxide are shown in Fig. 1. 
The XRD patterns of the calcined powders reveal the 
formation of well-crystalline single phase materials. 
No extra peaks corresponding to any other secondary 

phases are observed.  The obtained XRD patterns of 
the ZnO were compared with the standard data for 
ZnO (JCPDS card No. 89-0510).  The lattice 
parameters were calculated from 2θ values in the X-
ray diffraction patterns by using DOS computer 
programming.   From the XRD data, we observed 
that all ZnO powders exhibited hexagonal cell 
geometry as reported [10].  The average crystallite 
sizes of the ZnO nanostructures were calculated 
using Scherrer’s formula  

           (1) 
 where ‘D’ is crystallite size in nm, ‘λ’ is the 
radiation wavelength (for CuKα radiation, λ = 1.5418 
Å), ‘θ’ is the diffraction peak angle and  ‘β’ is the 
broadening of the line (“half width”) measured at 
half its maximum intensity (in radians).  The unit cell 
volume is calculated as per the formula  
V   =  0.866 a2 c                ---          (2) 
 where ‘V’ is the unit cell volume in Å3 and  ‘a’ 
and ‘c’ are the unit cell parameters in Å for 
hexagonal cell geometry. Theoretical or X-ray 
density has been calculated (in gcm-3) using the 
lattice parameters with the formula. 

           (3) 
 where ‘M’ (in atomic-weight units) is the mass 
of atomic ensemble constituting one unit of the 
chemical formula, ‘z’ is the number of such chemical 
units in one unit cell of the crystal, ‘N’ is the 
Avagadro’s number and ‘V’ (in Å3)  is the volume of 
the crystalline unit cell as determined  by X-ray 
diffraction. The crystallographic parameters obtained 
on ZnO powder are indicated in Table 1.  From the 
Table 1, it was found that the crystallite size values 
for all the samples are found to be similar.  However, 
the crystallite size (~9.63 nm) obtained in our 
samples is less than the reported data (32.95–48.92 
nm) for ZnO nanoparticles [23]. The unit cell 
volumes calculated for the ZnO particles remained 
uniform (~5.75 g/cc)) and the values are comparable 
with the JCPDS data (5.68 g/cc). The reported 
theoretical density of ZnO is 5.61 g/cc [24].  

 
Table 1: Amount of  precursor materials (dissolved in 100 ml of water each) used for the preparation of  ZnO nanoparticles by chemical precipitation method. 

Sample / No. 
Concentration of Zn(NO3)2 / 

Amount (g) 
Concentration of ZnCl2 / Amount 

(g) 
Concentration of ZnSO4 / Amount 

(g) 
Concentration of NaOH / 

Amount (g) 

ZnO (1) 
1 M / 

29.775 g 
-- -- 

2 M / 
8.0 g 

ZnO (2) -- 
1 M / 

13.671 g 
-- 

2 M / 
8.0 g 

ZnO (2) -- -- 
1 M / 

28.75 g 
2 M / 
8.0 g 

 
Table 2. XRD data obtained on ZnO powder prepared by chemical precipitation method. 

Sample Precursor salt Crystal structure 
Unit Cell 

parameters (Å) Unit cell volume 
(Å3) 

Crystallite 
size 
(nm) 

Theoretical density 
(g/cc) 

a c 
ZnO 

(JCPDS No.   89-
0510) 

-- Hexagonal 3.2488 5.2054 47.579 -- 5.6815 

ZnO Zn(NO3)2 Hexagonal 3.2811 5.0427 47.013 9.6313 5.7499 
ZnO ZnCl2 Hexagonal 3.2810 5.0413 46.997 9.6314 5.7519 
ZnO ZnSO4 Hexagonal 3.2803 5.0417 46.981 9.6319 5.7538 

Table 3: Particle characteristics data obtained on ZnO powder prepared by chemical precipitation method. 
Sample Precursor salt Peak 
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% intensity Diameter (nm) 
ZnO Zn(NO3)2 100 431.8 
ZnO ZnCl2 100 689.1 
ZnO ZnSO4 100 663 

 

 
 
Fig. 1: Schematic representation of the synthesis of ZnO nanoparticles by chemical precipitation method. 
 

 

 

 
 
Fig. 2: XRD patterns obtained on ZnO  nanoparticles prepared with (a) Zn(NO3)2 and NaOH; (b)  ZnCl2 and 
     NaOH and (c) ZnSO4 and NaOH using chemical precipitation method. 
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Fig. 3: FTIR spectra obtained on ZnO  nanoparticles prepared with (a) Zn(NO3)2 and NaOH; (b)  ZnCl2 and 
     NaOH and (c) ZnSO4 and NaOH using chemical precipitation method 
 

 

 

 
 
Fig. 4: Particle size patterns obtained on ZnO nanoparticles prepared with (a) Zn(NO3)2 and NaOH; (b)  ZnCl2  
      and NaOH and (c) ZnSO4 and NaOH using chemical precipitation method. 
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(a) 

 
(b) 

 
(c) 

 
Fig. 5: SEM photographs obtained on ZnO nanoparticles prepared with (a) Zn(NO3)2 and NaOH; (b)  ZnCl2 and 
     NaOH and (c) ZnSO4 and NaOH using chemical precipitation method. 
 
FTIR studies: 
 Fig. 3 show the FTIR spectra obtained on ZnO 
powder prepared by chemical precipitation method 
using precursor salts such as, zinc nitrate, zinc 
chloride and zinc sulphate with sodium hydroxide.  
From the FTIR spectra, it was found that the band 
located near 600 cm-1. The band at 3200 to 3600 cm-1 
corresponds to the stretching vibration of –OH bon 
and at around 1620 cm-1 which appears at wavelength 
just half of 1600 cm-1  has been assigned to the first 
overtone of fundamental stretching mode of –OH. 
These stretching vibrations correspond to the water 
molecule bound on the surface of the sample [25]. 
 
Particle size measurements: 
 The particle size patterns of the ZnO powder 
prepared by chemical precipitation method using 
precursor salts such as, zinc nitrate, zinc chloride and 
zinc sulphate with sodium hydroxide are shown in 
Fig. 4.  Prior to particle size measurements, the 
samples were sonicated in triple distilled water for 
about 5 minutes.  Particle characteristics data 
obtained on ZnO nanoparticles is indicated in Table 
3. From the Fig. 4 and  Table 4, it was note that the 
particle size of ZnO prepared with Zn(NO3)2 as 
precursor salt is found to be minimum when 
compared with other samples.  
 

Scanning Electron Microscopic studies: 
 The SEM photographs of the ZnO powder 
prepared by chemical precipitation method using 
precursor salts such as, zinc nitrate, zinc chloride and 
zinc sulphate with sodium hydroxide are shown in 
Fig. 5.  From Fig. 5(a), it was found that ZnO 
nanoparticles prepared with zinc nitrate and sodium 
hydroxide present closely with each other with grain 
size 400 nm which is in accordance with the data 
obtained by particle characteristics. In the SEM 
photograph of the ZnO (Fig. 5(b)) prepared with zinc 
chloride and sodium hydroxide few micron sized 
particles were present. The SEM photograph of ZnO 
(Fig. 5 (c)) prepared with zinc sulphate and sodium 
hydroxide also revealed the presence of micron sized 
particles. However, among the three SEM pictures, 
ZnO prepared with zinc nitrate and sodium 
hydroxide shown fine particle characteristics. The 
presence of micron sized particles in other samples 
may be due to high temperature treatment. 
 
Conclusions: 
 Chemical precipitation of ZnO nanoparticles 
using  zinc nitrate / zinc chloride / zinc sulphate 
(precursor salt) with sodium hydroxide (precipitant) 
is dealt with. The powder XRD data obtained on 
ZnO powder is in good agreement with the standard 
reported data. The crystalline structure of all the 
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samples is hexagonal geometry.  FTIR data 
confirmed the presence of water molecules in the 
samples. FTIR characteristic peak of ZnO is also 
seen in all the samples    The particle size analysis 
and SEM studies confirmed the presence of smaller 
nano sized particles in the ZnO sample prepared with 
zinc nitrate and sodium hydroxide. Hence, zinc 
nitrate may be a suitable precursor salt for 
synthesizing ZnO nanoparticles with the help of 
sodium hydroxide precipitant in the chemical 
precipitation process.     
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