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Preparation, photoluminescence and photocatalytic activity 
of micro and nanosized flower-like ZnO
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Abstract: In this paper, micro and nanosized flower-like ZnO were successfully prepared by a microwave 
route without assistance of surfactant and template, employing zinc acetate and sodium hydroxide or ammonia 
as the starting materials. Nanosized flower-like was obtained when ammonium hydroxide solution was used. 
X-ray diffraction (XRD), scanning electron microscopy (SEM), and photoluminescence (PL) spectra were 
employed to characterization of the as synthesized ZnO. The photocatalytic activity of micro and nanosized 
flower-like ZnO was compared by photocatalytic decolorization of Congo red azo dye. Results show that the 
photocatalytic efficiency of micro sized flower-like ZnO to be remarkably greater than that nanosized flower-
like ZnO.
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Introduction
Zinc oxide with a direct wide band gap (3.37 eV) 

and a large exciton binding energy (60 meV), is cur-
rently attracting worldwide intense interests because 
of its importance in fundamental studies and its 
numerous applications especially as optoelectronic 
materials [1]. The size and morphology of ZnO parti-
cles have great influences on their performances. Be-
cause of the materials properties depend on their size 
and shape, new synthetic strategies in which the size 
and the shape of nanostructures can be easily tailored 
are important. Recently, efforts have been made for 
the synthesis of ZnO particles with controlled mor-
phologies. Zinc Oxide is used for a wide variety of 
industrial applications, such as semiconductors and 

photocatalysts [2, 3]. ZnO has been widely used as 
a photocatalyst, owing to its high activity, low cost 
and environmentally friendly feature [4]. There are 
numerous methods for the preparation of flower-like 
ZnO [5, 6]. Microwave radiation is a special heat-
treatment method, and under this condition, reaction 
time can be greatly reduced, and it has been used to 
synthesize various materials [7-9]. In this paper, micro 
and nanosized flower-like ZnO were synthesized by 
microwave method. X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), and photolumines-
cence (PL) spectra were employed to characterization 
of the as synthesized ZnO.

Furthermore, photocatalytic activities of the    micro 
and nanosized ZnO were investigated.
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Experimental procedure
All reagents were analytic grade and used without 

further purification. Zinc acetate dihydrate (0.80 g) 
was dissolved in double distilled water (40 mL) un-
der vigorous stirring and, 4M NaOH or ammonium 
hydroxide 25% was added drop wise until the solu-
tion become transparent, and stirred for about 5 min.         
Finally, 10 ml of the mixture was loaded into a 50 ml 
capacity pyrex bottle. The reaction vessel was placed 
in a microwave oven (Daewo, KOR-63A5, 800W) 
and 25-100% of the microwave output power was 
used to irradiate the mixture for 1-2 min (on for 30 s, 
off for 7 s). The product was separated by decantation, 
washed with double distilled water several times and 
dried. The structure and morphology of the product 
were characterized by using XRD (Holland Philips 
Xpert X-ray diffractometer with Cu-Kα radiation) 
and SEM (Holland Philips XL30 microscope with an 
accelerating voltage of 25 kV). The PL spectra were 
recorded on a Varian Cary-Eclipse spectrometer.

Furthermore, the efficiency of micro and nanosized 
flower-like ZnO was compared by photocatalytic   
decolorization of Congo red azo dye. The amount of
Photo catalyst and concentration of congo red azo 

Ali R. Mahjoub and Maryam Movahedi

sample 
No.

Precursors % Microwave 
Out put power

Time of
 reaction

[OH]/[Zn2+] product Morphology

1 Zinc acetate/NaOH 25 2 min 15:1 ZnO Micro Flower
2 Zinc acetate/NaOH 50 1.5 min 15:1 ZnO Micro Flower
3 Zinc acetate/NaOH 75 1.5 min 15:1 ZnO Micro Flower
4 Zinc acetate/NaOH 100 1 min 15:1 ZnO Micro Flower
5 Zinc acetate/NH4OH 25 2 min - ZnO Micro Flower
6 Zinc acetate/NH4OH 50 1.5 min - ZnO Micro Flower
7 Zinc acetate/NH4OH 75 1.5 min - ZnO Micro Flower
8 Zinc acetate/NH4OH 100 1 min - ZnO Nano Flower
9 Zinc acetate/NaOH 25 2 min 30:1 No Product -

10 Zinc acetate/NaOH 50 1.5 min 30:1 No Product -
11 Zinc acetate/NaOH 75 1.5 min 30:1 No Product -
12 Zinc acetate/NaOH 100 1 min 30:1 No Product -
13 Zinc acetate/NaOH 100 6 min 30:1 No Product -

Table 1  Experimental conditions for some typical flower-like ZnO samples

dye solution were chosen 0.5 g/l and 5 mg/l respec-
tively. Photocatalytic experiments were performed 
in opened Pyrex vessel. The radiation source, a UV 
lamp, (30W, UV-C, λ = 253.7 nm) was irradiated per-
pendicularly to the surface of solution, and distance 
between the UV source and vessel containing reac-
tion mixture was fixed at 15 cm. Air was blown into 
the reaction by an air pump to maintain the solution 
saturated with oxygen during the course of the reac-
tion. The progress of photocatalytic decolorization 
was measured by UV-Vis spectrophotometer (Shi-
madzu UV 2100).

Result and discussions
The conditions of some typical samples synthesized 

by microwave heating are listed in Table 1.
The morphology of the ZnO product was visual-

ized by SEM. Figure 1 shows the  SEM images of 
samples.

Here, the effect of mole ratio OH-/Zn2+ and micro-
wave output power on the morphology and sized were 
studied. Results show that, micro flower-like ZnO can 
be obtained with mole ratio OH-/Zn2+ = 15 and under 
microwave irradiation with 25-100% output power. 
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At the mole ratio OH-/Zn2+ = 30 the product was not 
formed. According to SEM image (Figure 1h) the  
nanosized flower-like zinc oxide was obtained when 
ammonium hydroxide solution and 100% micro-
wave out put power was used. In the present work, 
the duration of microwave heating process was very 
short (1-2 min). The microwave irradiation played 
a critical role in the rapid formation of flower-like 
ZnO. During the microwave irradiation, the heating 
phenomenon was occurred by the interaction of the 
dipole molecules such as H2O with the high frequen-
cy electromagnetic radiation [10]. Figure 2 shows 
XRD patterns of the samples 2 and 8. All the dif-
fraction peaks are in agreement with the JCPDS file 
of ZnO (JCPDS No. 36-1451), which can be indexed 
as a hexagonal phase of ZnO.

The decolorization of Congo red dye using photo-
catalytic reaction for the nano and micro sized ZnO 
was studied. Results show that the photocatalytic 
efficiency of micro sized flower-like ZnO to be 
remarkably greater than that nanosized flower-like
ZnO (Figure 3).

The photoluminescence (PL) technique has been 
widely used to investigate the structural and proper-

Figure1 SEM images of samples (1-8) according to Table 1, (a) 
sample 1, (b) sample 2, (c) sample 3, (d) sample 4, (e) sample 5, (f) 
sample 6, (g) sample 7 and (h) sample 8.

Figure 2  X-ray diffraction patterns for the products (a) micrsized 
flower-like ZnO,sample 2, according to Table 1 (b) nanosized flow-
er-like ZnO, sample 8, according to Table 1

Figure 3  photocatalytic activity of the micro (a) and nanosized 
flower-like ZnO (b), sample 2 and 8 according to Table 1, re-
spectively 
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ties of the active sites on the surface of metal ox-
ides [11]. Also,the PL technique has been useful in 
the field of photocatalysis over semiconductors for 
understanding the surface processes. PL spectrum is 
an effective way to study the electronic structure, op-
tical and photochemical properties of semiconductor 
materials [12]. Therefore, it is of great significance 
for environmental photocatalysis. We used the PL 
spectroscopy as an effective method for evaluat-
ing ZnO defects. The PL spectrum of the nano and 
micro sized flower-like ZnO were measured by an 
excitation wavelength of 325 nm at room tempera-
ture. Figure 4 shows the PL spectra of the micro and 
nanosized flower-like ZnO. The photoluminescence 
spectrum for micro sized flower-like ZnO (Figure 
4a) shows a UV emission at 390 nm, the UV peak is 
due to the recombination of photo-generated elec-
trons and holes [13].

Furthermore, PL spectrum reveals blue emissions 
with a strong band at 446 nm and weak band at 418 
nm. They are attributed to the transition between the 
vacancy of oxygen and interstitial oxygen [14]. An 
emission was observed at 593 nm, which was due to 
the single ionized oxygen vacancy in the zinc oxide 
crystal [14]. In contrast, PL spectrum for nanosized 
flower-like ZnO reveals a UV emission at 388 nm 
and visible emission at 593 nm (Figure 4b). The PL 
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Conclusions
In summary, a simple and rapid one-step method 

was proposed to fabricate micro and nanosized 
flower-like ZnO. The nanosized flower-like zinc 
oxide was obtained when ammonium hydroxide 
solution and 100% microwave out put power 
was used. Furthermore, Results show that the 
photocatalytic efficiency of micro sized flower-
like ZnO for decolorization of Congo red dye to 
be remarkably greater than the nanosized flower-
like ZnO. The PL spectrum for nanosized flower-
like ZnO reveals a UV emission at 388 nm and 
visible emission at 593 nm. In contrast, PL spec-
trum for micro sized flower-like ZnO reveals a 
UV emission at 390 nm and visible emission at 
593, 446 and 418 nm.

Acknowledgements
This work was supported by Tarbiat Modares 

University. The authors are grateful for the fi-
nancial support.

References
[1] Z.W. Pang, Z. R. Dai, Z. L. Wang, Nanobelts of   s    

  semiconducting oxides, Science. 291 (2001) 1947–  
   1949.

[2] P. Uthirakumar, H. G. Kim, C. H. Hong, Zinc ox           
   ide nanostructures derived from a simple solution  

method for solar cells and LEDs, Chem. Eng. J. 155 
    (2009) 910- 915.

[3] M. Movahedi, A. R. Mahjoub, S. Janitabar-Darzi, 
 Photodegradation of Congo Red in Aqueous Solu-
tion on ZnO as an Alternative Catalyst to TiO2, J. 
Iran. Chem. Soc. 6 (2009) 570-577.

[4] C. Shifu, Z. Wei, Z. Sujuan, L. Wei, Preparation, 
characterization andphotocatalytic activity of N-
containing ZnO powder, Chem. Eng. J. 148 (2009) 
263–269.

[5] M. Movahedi, E. Kowsari, A. R. Mahjoub, I. Ya-
vari, A task specific basic ionic liquid for synthesis 

 of flower-like ZnO by hydrothermal method. Matt. 
 Lett. 62(2008) 3856-3858.

emission can be ascribed to the presence of defects 
in the crystalline structures discussed and, there-
fore, the formation of states within the band gaps.

Figure 4 PL spectra of the micro (a) and nanosized flower-like ZnO 
(b), sample 2 and 8 according to Table 1, respectively

www.SID.ir



Arc
hi

ve
 o

f S
ID

9Winter 2010, Vol. 3, No. 12 Journal of Applied Chemical Researches

Preparation, photoluminescence and photocatalytic...

[6]  I.Yavari, A.R. Mahjoub, E. Kowsari, M. Movahedi, 
Synthesis of ZnO nanostructures with controlled 
morphology and size in ionic liquids, Nanoparticle    
Res. 11 (2009) 861-868.

[7] J. Bohnemann, R. Libanori, M.L. Moreira, E. Longo, 
High-efficient microwave synthesis and characterisattion of 
SrSnO3, Chem. Eng. J. 155 (2009) 905-909.

[8] P. Uthirakumar, Y. Lee, E.K. Suh, C.H. Hong, ZnO nan 
 balls synthesized from a single molecular precursor       
 via non-hydrolytic solution route without assistance of   

base surfactant, and template, Physics Lett A. 356 (2006) 
223-226.

[9] C.C. Landry, A.R. Barron, Synthesis of polycrystalline 
chal- copyrite semiconductors by microwave irradia-
tion, Science.260 (1993) 1653-1655.

[10] J.R Jokisaari, S. Bahaduri, S.B. Bahaduri, synthesized 
via microwave irradiation Processing of single phase 
Mo5Si3 by microwave activated combustion synthesis, 

   Mater. Sci. Eng A. 323 (2002) 478-483.
[11]  H. Yang, C. Huang, X. Li, R. Shi, K. Zhang, Luminesnc 

ent and photocatalytic properties of cadmium sulfide 
nanoparticles, Mater. Chem. Phys.90 (2005) 155-158.

[12]  M. Anpo, I. Tanahashi, Y. Kubokawa, Photoluminescen 
ce and photoreduction of vanadium pentoxide supported 

    on porous Vycor glass, J. Phys. Chem.84 (1980) 3440-
3443.

[13] L.Q. Jing, X.J. Sun, W.M. Cai, Z.L. Xu, Y.G. Du, H.G. 
 Fu, The preparation and characterization of nanoparticle  
 TiO2/Ti films and their photocatalytic activity, J. Phys. 
Chem. Solids. 64 (2003) 615-623.

[14]  J.S. Liu, J.M. Cao, Z.Q. Li, G.B. Ji, M.B. Zheng, A simple  
microwave-assisted decomposing route for synthesis 

 of  ZnO nanorods in the presence of PEG400, Mater. 
Lett.61 (2007) 4409–11.

[15]  J. Liu, X. Huang, Y. Li, Q. Zhong, L. Ren, Preparation 
and photoluminescence of ZnO complex structures with 
controlled morphology, Mater. Lett. 60 (2006) 1354–9.

[16] H.Q. Liang, L.Z. pan, Z.J. Liu, Synthesis and photolumi                
scence properties of ZnO nanowires and nanorods                     

  by thermal oxidation of Zn precursors, Mater. Lett. 62 
 (2008)1797–800.

www.SID.ir


