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Abstract The zinc oxide (ZnO) nanopowders were prepared by the sol-gel method. The calcination process to 
calcine the samples was executed at different temperature values of 600° C and 700° C . The structures and 
morphology of samples were characterized using the X-ray diffractometer (XRD), Raman and the scanning 

electron microscope (SEM). An amorphous structure of as-prepared sample was confirmed by XRD patterns. 
The calcined samples at 600° C and 700° C exhibited the hexagonal (wurtzite) structure. The intensities of 
samples were increased with increasing of calcination temperature due to crystallinity improvement. The 
crystalline size values of the samples at 600° C and 700° C were 34 and 22 nm, respectively. At 700° C, the 
ZnO sample showed rods -like with the hexagonal shape. Also, Raman spectra indicate a sharp peak with 
high intensity located at 437 cm−5 related to E2 high mode due to well crystalline of the sample.  Further 
measurements will execute for iodine doped ZnO powders to enhance their optical properties to be proper for 
the photocatalytic applications. 
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1.Introduction 
The Zinc Oxide (ZnO) becomes a wide known and 

it has an importance role in many different 
aspects for researches such as science, 
technology, medicine and renewable energy [1] [3]. 
The ZnO belongs to II- VI semiconductors family 
and its iconicity locates   between the covalent 
and ionic semiconductor.  However, the crystal 
structure of ZnO commonly occurs in the wurtzite 

structure with a hexagonal unit cell and it has two 

lattice parameters a and c [2]. This is ascribed to 
both its bond symmetry and pond polarity [4]. 
Many methods have been employed to fabricate  
ZnO powder such as spray pyrolysis [5], 
hydrothermal synthesis [6] , coprecipitation,  
micro emulsion [7] and sol-gel method [3].The sol–
gel method is favourable among researchers for 
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considerable   advantages such as, simple 

preparation method, low equipment and low 
preparation temperature [2] [8]. Therefore, this 
work reports the structural properties of ZnO 
powders prepared via sol-gel. 

2. Experimental details 
The Zinc acetate dihydrate (Zn(O2CCH3)2 (H2O)2 : 
99%  purity) was dissolved in ethanol and stirred 
at 65°C for 1h to get a transparent solution. The 
solution was maintained at pH7 by adjusting the 
amount of sodium hydroxide in the solution. 
Then, the solution was stirred again at (65 ±1) oC 
for 1 h to obtain a homogenous gel. The gel was 
dried at room temperature for 24h. The ZnO 
powders were calcined in air at 600o C and 700o C 
for 2h.  
The sample’s structures were characterized by an 

X-ray diffractometer (XRD  Bruker D8 Advance 

diffractometer using monochromatic Cu-Kα 
radiation (λ= 1.5406 Å)) in the 0θ range of 20o - 
80 o and Raman spectroscopy (Renishaw inVia 
Reflex Spectrometer System) with an excitation 
wavelength of 514 nm. 
. The field emission scanning electron microscope 
(SEM, Zeiss FESEM Ultra PLUS) was used to 
study the morphology of the samples 

3. Results and discussion 
3.1. Structural characterization  
  Fig.1. shows the XRD patterns of pure ZnO 
powders calcinated at 600° C, 700° C and as 

prepared. The resulted peaks were indexed and 
compared according to the JCPDS card No. 00-
005-0664 for pure ZnO. It can be seen that, as 
prepared sample showed an amorphous structure. 
The samples have a hexagonal wurtzite structure, 
no other phases were observed in the patterns. 
The increase of the calcination temperature up to 
700° C results in sharper peaks with the 
increased intensity and higher crystallization 
without changes in the obtained phases due to the  
enhance of  crystal structure of the sample [3].The  
average crystalline sizes of samples were 
calculated using Debye- Sherrer`s equation 

 
where D is the crystallite size, λ=  0.15406 nm  is 
wavelength of CuKα beam, β is FWHM of the XRD 

peak at the diffraction angle θ and k= 0.9 is the 
shape factor of average crystallite size [9,10]. An 
average crystallite size (D) of the samples at 600o 
C and 700o C was 34 nm and 22nm, respectively. 
The decreasing in crystallite size could due to the 
defect in the samples. The lattice parameter of 
ZnO was calculated according to Bragg`s law, 
where the lattice constants a and c of wurtzite 
structure can be computed using the following 
equation: 

  

 where   is the interplaner spacing and 

hkl are the Miller indices, a and c  are the lattice 
parameters [11]. 

The lattice parameters values  of both samples are 

 a = 3.2 Å  and c= 5.2 Å, which are the same as 
reported in the literature [2].  

Fig1: The XRD patterns of ZnO powders calcined 
at 600° C and 700° C. 

3.2. SEM measurements 

     
Fig.2:   The  SEM images of ZnO samples calcined 
at (a) 600o C and (b) 700o C 
 
Fig.2. shows the  SEM images of ZnO calcined at 
600° C and 700° C.  Regardless as prepared 
sample, it observed that the sample calcined at 
600° C contains pores and voids. This could be 
due to the large gas amount escape during the 
composition [12] . Further increasing of the 
temperature up 700o C, the sample shows rods 
with average diameters about 69 nm. However, 
additional measurements will be performed to 
obtain the dimensions of rods. 

a 

b 
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3.3.  Raman analysis
  The Raman spectra of samples under excitation 
of 514 nm laser line are illustrated in Fig. 3. The 
spectra show the excitations mode of ZnO wurtzite 
(hexagonal) structure and    Raman active modes 
can be divided as A1+E1+ 2E2 [13].  A1 and E1 are 
polar modes, which will split into transverse 
optical (TO) and longitudinal optical (LO) phonons. 
Also,  E2 modes (E2 low and E2 high) are nonpolar 
[12]. Raman spectrum at 600o C reveals few peaks 
with the low intensities appear at 437 cm−5 and 
1065 cm−5.  At 700o C, three peaks are indicated. 
The observed peaks are located at 396 cm -1A1 
(TO) mode), 437 cm−5 (E2 (high) mode) and 586 
cm-1 A1 (LO) mode. The E2 is sharp and has a high 
intensity due to well crystallinity of the sample 
[11]. 

 
Fig. 3: Raman spectra of ZnO 

 
Acknowledgments 
Agreat thank goes to our team from Sebha 
University. 

References 
[1]- A.K. Zak, M.E. Abrishami, W.H.A. Majid, R. 

Yousefi, S.M. Hosseini, Effects of annealing 
temperature on some structural and optical 
properties of ZnO nanoparticles prepared by a 
modified sol–gel combustion method, 
Ceramics International, 37 (2011) 393-398. 

[2]- S. Suwanboon, Structural and optical 

properties of nanocrystalline ZnO powder from 
sol-gel method, Science Asia, 34 (2008) 31-34. 

[3]- M. Ristić, S. Musić, M. Ivanda, S. Popović, 
Sol–gel synthesis and characterization of 
nanocrystalline ZnO powders, J Alloys 
Compd, 397 (2005) L1-L4. 

[4]- H. Morkoç, Ü. Özgür, General Properties of 
ZnO, in:  Zinc Oxide, Wiley-VCH Verlag GmbH 
& Co. KGaA, 2009, pp. 1-76. 

[5]- T.-Q. Liu, O. Sakurai, N. Mizutani, M. Kato, 
Preparation of spherical fine ZnO particles by 
the spray pyrolysis method using ultrasonic 
atomization techniques, J.  Mater. sci, 21 
(1986) 3698-3702. 

[6]- C.-H. Lu, C.-H. Yeh, Influence of hydrothermal 
conditions on the morphology and particle 
size of zinc oxide powder, Ceramics 
International, 26 (2000) 351-357. 

[7]- S. Hingorani, V. Pillai, P. Kumar, M. Multani, 

D. Shah, Microemulsion mediated synthesis of 
zinc-oxide nanoparticles for varistor studies, 
Materials Research Bulletin, 28 (1993) 1303-
1310. 

[8]- Y.L. Zhang, Y. Yang, J.H. Zhao, R.Q. Tan, P. 
Cui, W.J. Song, Preparation of ZnO 
nanoparticles by a surfactant-assisted 
complex sol–gel method using zinc nitrate, 
J.Sol-Gel. Sci.Technol, 51 (2009) 198-203. 

[9]- H.P.K.a.L.E. Alexander:, X-ray diffraction 
procedures for polycrystalline and amorphous 
materials, in, New York: Wiley Interscience, 
and references therein, 1974. 

[10]- R. Herrera-Rivera, M.d.l.L. Olvera, A. 
Maldonado, Synthesis of ZnO Nanopowders by 
the Homogeneous Precipitation Method: Use 

of Taguchi&#x2019;s Method for Analyzing 
the Effect of Different Variables, Journal of 
Nanomaterials, 2017 (2017) 9. 

[11]- B. Sukluan, P. Nakarungsee, G.S. Chen, W. 
Samanjit, V. Krongtong, I.M. Tang, S. 
Thongmee, Effect of Aluminum-Doping on the 
Photoluminescence of ZnO Nanorods, Adv. 
Sci. Eng. Med, 7 (2015) 216-222. 

[12]- A.J. Reddy, M.K. Kokila, H. Nagabhushana, 
J.L. Rao, C. Shivakumara, B.M. 

Nagabhushana, R.P.S. Chakradhar, 
Combustion synthesis, characterization and 
Raman studies of ZnO nanopowders, 
Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 81 (2011) 53-58. 

[13]- M. Scepanovic, M. Grujic-Brojcin, K. 
Vojisavljevic , S. Bernikc, T. Sreckovicb, 
Raman study of structural disorder in ZnO 
nanopowders, J. Raman Spectrosc, 41 (2010) 
914–921. 


