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ABSTRACT: Nanocrystalline ZnO particles were prepared by a novel sonochemical route from 

zinc acetate and sodium hydroxide without any requirement of calcination steps at high temperature 

and without surfactants. Variations in several parameters and their effects on the structural (crystal 

size and morphology) properties of nanoparticles were investigated. Characterizations were carried 

out by X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), IR spectroscopy, Thermal 

Gravimetry Analysis and Diffrential Thermal Analysis (TGA/DTA). 
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INTRODUCTION 

In recent years, synthesis of inorganic materials with 
specific size and morphology has attracted significant 
attention due to their possible use in different fields [1-4]. 
ZnO is a polar inorganic crystalline material with many 
applications due to its unique combination of interesting 
properties such as non-toxicity, good electrical, optical 
and piezoelectric behavior, stability in a hydrogen plasma 
atmosphere and low price [5-8]. ZnO is a well- known 
semiconductor with a wide direct band gap (3.37 ev) and 
a large exciton binding energy of 60 meV at room 
temperature [9, 10] and it has a wide range of applications 
such as solar cells, luminescent, electrical and acoustic devices, 
gas and chemical sensors, coatings, catalysts, micro lasers, 
memory arrays and biomedical applications [8, 11].  
Till now, many methods have been developed to synthesize 
zinc oxide nanocrystals including vapor phase growth [12], 
 
 
 

vapor- liquid- solid process [13], soft chemical method [14], 
electrophoretic deposition [15], sol-gel process [16], 
homogeneous precipitation [17], etc. 

The sonochemical method has been proven to be  
a useful technique to obtain novel materials with interesting 
properties. It is based on acoustic cavitation resulting 
from the continuous formation, growth and implosive 
collapse of bubbles in a liquid [18]. This method has been 
used for synthesis of many kinds of nanomaterials so far. 
Also some researchers have used this method to prepare 
different shapes of ZnO nanocrystallites. Gedanken and 
coworkers synthesized crystalline nanoporous ZnO 
spheres with a diameter of ca. 500 nm and 20 nm pore 
size via ultrasonic irradiation [19]. Dong Qium et al. [20] 
synthesized ZnO nanoparticles by sonicating a prepared 
zinc hydroxide sol and investigated the role of different  
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Table 1: Experimental conditions for the preparation of ZnO nanoparticles. 

sample Zn(OAc)2.3H2O NaOH (0.1 M) Sonication time Ultrasound power 

1 50 ml (0.1 M) 100 ml 1 hr 60-90W 

2 25 ml (0.2 M) 100 ml 1 hr 60-90W 

3 10 ml (0.5 M) 100 ml 1 hr 60-90W 

4 25 ml (0.1 M) 100 ml 1 hr 60-90W 

5 25 ml (0.2 M) 100 ml 2 hr 60-90W 

6 50 ml (0.2 M) 100 ml 30 min 150-180W 

7 50 ml (0.2 M) 200 ml 1 hr 390-420W 

8 50 ml (0.2 M) 200 ml 1 hr 60-90W 

9 25 ml (0.2 M) 100 ml 1 hr 60-90W 

10 25 ml (0.2 M) + 2g PVA 100 ml 1 hr 60-90W 

 
solvents for precipitating the ZnO particles. Hu et al. [21] 
synthesized linked single-crystal ZnO rods with  
an average diameter over 150 nm under ultrasound 
irradiation. Zhang et al. [22] synthesized ZnO nanorods 
by sonochemical method in the paraffin oil with  
the assistance of stearic acids at high temperature.  

In the present work, we found that ultrasonic 
irradiation can greatly enhance the conversion rate of 
precursor to nanometer- sized ZnO crystals without 
needing to use heating at high temperatures and 
surfactants. Also the role of calcinations on the size, 
morphology and chemical composition of nanoparticles 
was investigated. For the precursor we used zinc acetate 
dissolved in ethanol and with the addition of a solution of 
sodium hydroxide, ZnO nanoparticles were directly obtained. 
The influence of several parameters on the size  
and morphology of the ZnO particles is reported.  
The powders were characterized by means of powder X- Ray 
Diffraction (XRD), Scanning Electron Microscopy (SEM), 
IR Spectroscopy, Thermal Gravimetry Analysis and Diffrential 
Thermal Analysis (TGA/DTA).  
 
EXPERIMENTAL  SECTION 

Different amounts of NaOH solution with  
a concentration of 0.1 M were added to the 0.1, 0.2, 0.5 M 
solutions of Zn(CH3COO)2.3H2O in ethanol. The 
mixtures were sonicated for 30 min, 1 h and 2 h with 
different ultrasound powers. To investigate the role of 
surfactants on the size and morphology of nanoparticles, 
we used 2g of PolyVinyl Alcohol (PVA) in the reaction 

with optimized conditions. Table 1 shows the conditions 
of reactions in detail. A multiwave ultrasonic generator 
(Sonicator-3000; Misonix, Inc., Farmingdale, NY, USA), 
equipped with a converter/transducer and titanium 
oscillator (horn), 12.5 mm in diameter, operating  
at 20 kHz with a maximum power output of 600 W, was used 
for the ultrasonic irradiation. The ultrasonic generator 
automatically adjusted the power level. The wave 
amplitude in each experiment was adjusted as needed.  
X-Ray powder Diffraction (XRD) measurements were 
performed using a Philips diffractometer of X’pert 
company with mono chromatized Cuk� radiation.  
The crystallite sizes of selected samples were estimated 
using the sherrer method. TGA and DTA curves were 
recorded using a PL-STA 1500 device manufactured by 
Thermal Sciences. The samples were characterized with  
a Scanning Electron Microscope (SEM) (Philips XL 30) 
with gold coating. IR spectra were recorded on  
a SHIMADZU- IR460 spectrometer in a KBr matrix. 

 
RESULTS  AND  DISCUSSION 

The reaction between zinc acetate and sodium 
hydroxide to form zinc oxide has been shown in scheme 1. 

Fig. 1 shows the XRD patterns of the ZnO 
nanoparticles. Fig.1a shows the XRD pattern of the direct 
sonochemicaly synthesized ZnO nanoparticles and Fig. 1b 
shows the XRD pattern of this sample after calcinations 
for 4 hours by a temperature of 400°C. As it can be 
observed the XRD patterns are quite the same and are  
in agreement with the typical wurtzite structure ZnO 
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Scheme 1: The mechanism of ZnO formation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: X- ray powder diffraction pattern of ZnO nanoparticles (sample No. 2) (a) after calcination, (b) befor calcinations. 

 
 

 
 
 
 
 
 
 
 
 
Fig. 2: SEM images of ZnO nanoparticles (a) sample No. 2 before calcination, (b) sample No. 2 after calcination, (c) sample No. 10 

after calcinations. 
 
diffraction (hexagonal phase, space group P63mc, with 
lattice constants a = 3.24982(9) Å, c = 1.6021 Å, Z = 2, 
JCPDS No. 36-1451). Sharp diffraction peaks shown  
in Fig. 1 indicate good crystallinity of ZnO nanoparticles. 
No characteristic peak related to any impurity  
was observed. The broadening of the peaks indicated that the 
particles were of nanometer scale. Estimated from the 
sherrer formula, D = 0.891�/�cos�, where D is the 
average grain size, � is the X-ray wavelength (0.15405 nm), 
and � and � are the diffraction angle and full-width at half 
maximum of an observed peak, respectively [23],  
the average size of the particles of sample number 2 was 

25.4 nm, and the average size of this sample after 
calcination at 400°C for 4 hours has been calculated 
about 57.5 nm which are in agreement with that observed 
from SEM images. 

Morphology, structure and size of the samples are 
investigated by Scanning Electron Microscopy (SEM). Fig. 
2a indicates that the original morphology of the particles 
is approximately spherical with the diameter varying 
between 20 to 100 nm. The best morphology with smaller 
particles and good distribution was obtained for the 
sample number 2 before cacination and Fig. 2b  
shows the SEM image of this sample after calcination, 
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Fig. 3: Particle size histogram of sample 2. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: EDAX  analysis of sample No. 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: TG- DTA curves of the ZnO nanoparticles of sample No. 2 (a) befor calcinations, (b) after calcinations. 

 
as it is observed the size of the particles has become 
larger after calcination. Fig. 2c shows the SEM image of 
the sample number 10. The role of PVA on the 
morphology of this sample is obvious. It has been 
reported that the presence of a capping molecule (such as 
polyvinyl alcohol) can alter the surface energy of 
crystallographic surfaces, in order to promote the 
anisotropic growth of the nanocrystals [24, 25]. In this 
work PVA adsorbs on the crystal nuclei and it helps the 
particles to grow separately. To investigate the size 
distribution of the nanoparticles a particle size histogram 
was prepared for sample 2, (Fig. 3). Most of the particles 
possess sizes in the range from 40 to 90 nm. For further 
demonstration, the EDAX was performed for the sample 
No. 2. The EDAX spectrum given in Fig. 4 shows  
the presence of Zn as the only elementary component. 

ThermoGravimetric Analyses (TGA) were carried out 
to show that there is not any difference between  
the curves of intermediate product and the one after 
calcinations. There is not any reportable loss of weight  
in the TGA curves that proves the existence of zinc oxide 
which does not decompose in this temperature range and 
the similarity of the TG curves of two samples shows the 
direct synthesis of ZnO. Fig. 5a shows the TGA and DTA 
diagrams of sample No. 2 and Fig. 5b shows the TGA 
and DTA diagrams of this sample after calcinations. 

Infrared spectra of the powders were recorded in the 
range of 4000- 400 cm-1. Fig.6 (a) shows the IR spectrum 
of sample No.2 before calcination. The relatively sharp 
absorption bands in the range of 1380-3400 cm-1 are 
probably due to the presence of solvent remaining  
in the powder or a little Zn(OH)4

2- that has not been 
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Fig. 6: IR spectrum of sample No.2 (a) before calcinations,  

(b) after calcinations. 

 
converted to ZnO. Fig.6 (b) shows the IR spectrum of 
sample No.2 after calcination. The absorption bands at 
about 500 cm-1 can be attributed to the stretching modes 
of Zn-O and the weak bands in the range of 1380-3425 cm-1 
are probably attributed to the presence of water in the 
KBr matrix. 

In order to investigate the role of sonication on the 
composition, size and morphology of the products,  
we have done the reaction without sonication with the same 
conditions of the optimized sample. The XRD pattern of 
the obtained product is corresponding to ZnO but  
the SEM images show that the particles of the sample 
without using sonication have larger sizes comparing 
with the samples obtained via the sonochemical route. 
 
CONCLUSIONS 

A simple sonochemical method has been presented by 
the direct transformation of Zn(OAc)2.3H2O precursor to 
create the ZnO nanoparticles. The properties of 

nanoparticles were studied by SEM, XRD, IR and  
TG- DTA. SEM analysis shows that ZnO nanoparticles 
have an average diameter of 20- 50 nm which varied by 
different factors. Comparing with the gas-phase 
approaches such as thermal evaporation and chemical 
vapor deposition which require high temperature and 
expensive equipment, wet chemical methods have been 
proven to be simple and versatile approaches for 
preparing ZnO nanostructures due to their relatively low 
growth temperature and good potential for mass 
production, so preparation of ZnO via solution chemical 
routes provides a promising option for large-scale 
production of this material [26-29]. Comparing with the 
wet chemical routes such as hydrothermal or 
solvothermal methods [8], this sonochemical method 
does not require pressure controlling and high 
temperature. Comparing with the sol-gel method [30], 
which requires long aging times, this procedure takes 
place in 2 hours at the most. The differences between this 
method and other sonochemical routes [20, 21, 31, 32], 
are in the starting materials, the procedure, adding 
surfactants and also the shape of the products which  
is one dimensional such as nanorod, nanobelt and so on 
in all cases, but we have obtained nanoparticles by  
this procedure. The most important benefit of this method 
is preparing ZnO nanoparticles directly and by a one-step 
reaction. It has been proved that the products of the 
reactions under ultrasound radiation are special and 
sometimes unexpected. In our previous work we had 
obtained cadmium carbonate from the reaction of 
cadmium acetate and tetra methyl ammonium hydroxide 
under ultrasound radiation [33], in the present work  
we have expected to obtain zinc carbonate as the intermediate 
product but zinc oxide was prepared directly by the 
reaction of zinc acetate and sodium hydroxide under the 
ultrasound power. It shows that the type of the metal ion, 
the type of the sonicator device and the power of ultrasound 
have probably affected on the type of the product. 
 
Acknowledgements  

Supporting of this investigation by Tarbiat Modares 
University is gratefully acknowledged.  
 

 

�

Received : May 20, 2010  ;  Accepted : Jan. 10, 2011 

100.0

 
80.0 

 
60.0 

 
40.0 

 
20.0 

 
0.0 

100.0 

 
80.0 

 
60.0 

 
40.0 

 
20.0 

 
0.0 

4000.0 3000.0 2000.0    1500.0       1000.0          500.0 

(a) 

100.0

 
80.0 

 
60.0 

 
40.0 

 
20.0 

 
0.0 

100.0 

 
80.0 

 
60.0 

 
40.0 

 
20.0 

 
0.0 

4000.0 3000.0 2000.0    1500.0       1000.0          500.0 

(b) 

Archive of SID

www.SID.ir

www.SID.ir


Iran. J. Chem. Chem. Eng. Askarinejad A. et al. Vol. 30, No. 3, 2011 
 

80 

REFERENCES 

[1] Duan X., Huang Y., Agrawal R., Lieber C.M., Single-
Nanowire Electrically Driven Lasers, Nature, 421,  
p. 241 (2003). 

[2] Fuhrer M.S., Nygard J., Shih L., M. Forero, Yoon Y.G., 
Mazzoni M.S.C., Ghoi H.J.,  Ihm J.,  Louie S.G.,  
Zettl A., McEuen P.L., Crossed Nanotube Junctions, 
Science, 288, p. 494(2000). 

[3] Ren Z.F., Huang Z.P., Xu J.W., Wang J.H., Bush P., 
Siegal M.P., Provencio P.N., Synthesis of Large 
Arrays of Well-Aligned Carbon Nanotubes on Glass, 

Science, 282, p. 1105 (1998). 
[4] Pachaun V., Subramaniam C., Pradeep T., Novel ZnO 

Nanostructures Over Gold and Silver Nanoparticle 
Assemblies, Chem. Phys. Lett., 423, p. 240 (2006). 

[5] Ennaoui A., Weber, M. Scheer R., Lewerenz H.J., 
Chemical-Bath ZnO Buffer Layer for CuInS2 Thin-
Film Solar Cells, Sol. Energy Mater. Sol. Cells, 54,  
p. 277 (1998). 

[6] Liqiang J., Baiq W., Baifu X., Shudan L., Keying S., 
Weimin C., Honggang F., Investigations on the 
Surface Modification of ZnO Nanoparticle 
Photocatalyst by Depositing Pd, J. Solid State 

Chem., 177, p. 4221 (2004). 
[7] Shinde V.R., Gujar T.P., Lokhande C.D., LPG 

Sensing Properties of ZnO Films Prepared by Spray 
Pyrolysis Method: Effect of Molarity of Precursor 
Solution, Sens. Actuators, B, 120, p. 551 (2007). 

[8] Ayudhya S.K.N., Tonto P., Mekasuwandumrong O., 
Pavarajarn V., Praserthdam P., Solvothermal 
Synthesis of ZnO with Various Aspect Ratios Using 
Organic Solvents, Cryst. Growth Des., 6, p. 2446 (2006). 

[9] Vafaee, M. Ghamsari M.S., Preparation and 
Characterization of ZnO Nanoparticles by a Novel 
Sol-Gel Route, Mater. Lett., 61, p. 3265 (2007). 

[10] Kim Y.S., Tai W.P., Shu S.J., Effect of Preheating 
Temperature on Structural and Optical Properties of 
ZnO Thin Films by Sol-Gel Process, Thin Solid 

Films, 491, p. 153 (2005). 
[11] Wu C., Qiao X., Chen J., Wang H., Tan F., Li, S.  

A Novel Chemical Route to Prepare ZnO 
Nanoparticles, Mater. Lett., 60, p. 1828 (2006). 

[12] Sun X., Zhang H., Xu J., Zhao Q., Wang R., Yu D., 
Shape Controllable Synthesis of ZnO Nanorod 
Arrays via Vapor Phase Growth, Solid State 

Commun., 129, p. 803 (2004). 

[13] Gao P.X., Wang Z.L., Nanopropeller Arrays of Zinc 

Oxide, Appl. Phys. Lett., 84, p. 2883 (2004). 
[14] Vayssieres, L. Growth of Arrayed Nanorods and 

Nanowires of ZnO from Aqueous Solutions, Adv. 

Mater., 15, p. 464 (2003). 

[15] Liu, C.H. Zapien J.A., Yao Y., Meng X.M., Lee C.S., 
Fan S.S., Lifshitz Y., Lee S.T., High-Density, 

Ordered Ultraviolet Light-Emitting ZnO Nanowire 

Arrays, Adv. Mater., 15, p. 838(2003). 

[16] Zhang H., Ma X.Y., Xu J., Niu J., Yang D., Arrays 

of ZnO Nanowires Fabricated by a Simple Chemical 
Solution Route, Nanotechnology, 14(4), p. 423 (2003). 

[17] Liu Y., Zhou J., Larbot A., Persin M., Preparation 

and Characterization of Nano-Zinc Oxide, J. Mater. 

Process. Technol., 189, p. 379 (2007). 

[18] Suslick K.S., Sonochemistry, Science, 247, p. 1439 
(1990). 

[19] Chen S., Kumar R.V., Gedanken A., Zaban A., 

Sonochemical Synthesis of Crystalline Nanoporous 

Zinc Oxide Spheres and Their Application in Dye-
Sensitized Solar Cells, Isr. J. Chem, 41, p. 51 (2001). 

[20] Qian D., Jiang J.Z., Hansen P.L., Preparation of ZnO 

Nanocrystals via Ultrasonic Iirradiation, Chem. 

Commun., p. 1078 (2003). 

[21] Hu X.L., Zhu Y.J., Wang S.W., Sonochemical and 
Microwave-Assisted Synthesis of Linked Single-

Crystalline ZnO Rods, Mater. Chem. Phys., 88,  

p. 421 (2004). 

[22] Zhang X., Zhao H., Tao X., Zhao Y., Zhang Z., 

Sonochemical Method for the Preparation of ZnO 
Nanorods and Trigonal-Shaped Ultrafine Particles, 

Mater. Lett., 59, p. 1745 (2005). 

[23] Yang J., Lin C., Wang Zh., Lin J., In(OH)3 and  

In2O3 Nanorod Bundles and Spheres:  
Microemulsion-Mediated Hydrothermal Synthesis 

and Luminescence Properties, Inorg. Chem., 45,  

p. 8973 (2006). 

[24] Park W.I., Yi G.C., Kim D.H., Jung S.W., 

Metalorganic Vapor-Phase Epitaxial Growth of 
Vertically Well-Aligned ZnO Nanorods, Appl. Phys. 

Lett., 80, p. 4232 (2002). 

[25] Du J., Liu Zh., Huang Y., Gao, Y. Han B., Li W., 

Yang G., Control of ZnO Morphologies via 

Surfactants Assisted Route in the Subcritical Water, 
J. Cryst. Growth, 280, p. 126 (2005). 

Archive of SID

www.SID.ir

www.SID.ir


Iran. J. Chem. Chem. Eng. Sonochemically Assisted Synthesis of ZnO ... Vol. 30, No. 3, 2011 
 

81 

[26] Vayssieres L., Keis K., Hagfeldt A., Lindquist S.E., 
Three-Dimensional Array of Highly Oriented 
Crystalline ZnO Microtubes, Chem. Mater., 13,  
p. 4395 (2001). 

[27] Greene L.E., Law M., Goldberger J., Kim F., 
Johnson J.C., Zhang Y.F., Saykally R.J., Yang P.D., 
Low-Temperature Wafer-Scale Production of ZnO 
Nanowire Arrays, Angew. Chem. Int. Ed., 42,  
p. 3031 (2003). 

[28] Liu B., Zeng H.C., Hydrothermal Synthesis of ZnO 
Nanorods in the Diameter Regime of 50 nm,  
J. Amer. Chem. Soc., 125, p. 4430 (2003). 

[29] Huang M.H., Henning Feick Y.W., Tran, N. Weber E., 
Yang P., Catalytic Growth of Zinc Oxide Nanowires 
by Vapor Transport, Adv. Mater., 13, p. 113 (2001). 

[30] Kaur R., Singh A.V., Sehrawat K., Mehra N.C., 
Mehra R.M., Sol-Gel Derived Highly Transparent 
and Conducting Yttrium Dped ZnO Films, J. Non-

Cryst. Solids, 352, p. 2335 (2006).  
[31] Shao H., Qian X., Huang B., Fabrication of Single-

Crystal ZnO Nanorods and ZnS Nanotubes Through 
a Simple Ultrasonic Chemical Solution Method, 
Mater. Lett., 61, p. 3639 (2007). 

[32] Hou X., Zhou F., Sun Y., Liu W., Ultrasound-
Assisted Synthesis of Dentritic ZnO Nanostructure 
in Ionic Liquid, Mater. Lett., 61, p. 1789 (2007). 

[33] Askarinejad A., Morsali A., Syntheses and 
Characterization of CdCO3 and CdO Nanoparticles 
by Using a Sonochemical Method, Mater. Lett., 62,  
p. 478 (2008). 

Archive of SID

www.SID.ir

www.SID.ir

