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An efficient hydrothermal method is presented to synthesize ZnO nanostructures. We investigated the effects of reaction 
conditions by adjusting the amounts of NaOH, growth temperature, surfactant, annealing to control the morphologies of 
ZnO nanostructures. Critical amount of NaOH in our reaction system has great influence on the formation of ZnO nanorods. 
The diameter of ZnO nanocrystals decreased with growth temperature and morphology changed from nanorods to flowers 
when PEG400 was added to the solution.  
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1. Introduction 
 
ZnO is a promising material for high-performance 

photonics applications. The properties of ZnO like wide 
band gap (3.37 eV), high breakdown strength, large 
excitonic binding energy (60meV), high refractive index, 
and high recombination efficiency make it a good 
candidate for use in electro-optic applications like high-
efficiency LEDs and LASERs. Other potential 
applications in the future nano-optoelectronic industry 
include sensors, luminescent phosphor for displays,  
photonic crystals, solar cells, field emitter [1,2]. ZnO 
crystals with different configurations, such as nanorods 
(nanowires) [3], nanoparticles [4] nanoribbons[5], 
tetrapods[6], towerlike[7], tubelike [7,8] and flowerlike 
ZnO [9] have been successfully fabricated. Most 
techniques to fabricate ZnO nanostructures, such as vapor 
phase transport deposition  [6], chemical vapor deposition 
[5], pulsed laser ablation [10], electrodeposition [11], 
ultrasonic irradiation [4], and thermal evaporation [12], are 
not suitable for controllable synthesis; in addition to being 
complex processes, sophisticated equipment and 
economically prohibitive high temperatures are required. 
Chemical methods, such as sol-gel [7,13], template growth 
[8,14] and hydrothermal methods [9,15] have been proved 
to be attractive due to the low growth temperature and 
easy operation, promising scale-up fabrication.  

Solution-phase routes are appealing due to their low 
growth temperature, low cost, high efficiency, and 
potential for scaleup. So far, microemulsion, hydrothermal 
self-assembly and template-assisted sol-gel processes have 
been employed to synthesize ZnO nanowires and nanorods 
[16]. ZnO nanostructures as biochemical sensors and as an 
inorganic dye for labeling cells, taking advantage of their 
strong visible light emission. On account of these 
interesting and possibly lucrative applications, ZnO 
nanostructures are now a widely studied topic [17,18].  

ZnO materials have good electrical, optical, and 
magnetic properties and that the control of the shape and 
crystal structure is important. It is well known that the 
addition of impurities into a wide gap semiconductor can 
often induce dramatic changes in the optical, electrical, 
and magnetic properties [19-22]. 

In this paper, we report the synthesis, structural 
characterization of ZnO nanostructures using a 
hydrothermal method to prepare different morphologies of 
nanostructures by adjusting the amount of NaOH, growth 
temperature, surfactant, annealing. We investigate the 
NaOH effect on the morphology of ZnO nanostructures. 
Structural characterization of nanostructures were done by 
scanning electron microscopy (SEM). 

 
 
2. Experimental section 
 
2. 1 Materials 
 
Sodium hydroxide (NaOH), ethanol absolute 

(C2H5OH), polyethylene glycol (PEG, MW= 400) and zinc 
acetate dehydrate [Zn(Ac)2.2H2O] were purchased from 
Aldrich. Solvents were of spectroscopic grade and were 
used without any further purification. 

 
2. 2 Synthesis of ZnO nanostructures 
 
The method used for synthesis of ZnO nanostructures 

was reported in our previous paper [23]. And schematic 
diagram of synthesis method is shown in Fig. 1. To 
investigate the NaOH effects the molar ratio of ZnAc2 and 
NaOH was changed from 1:1 to 1:8.  

For reaction temperature effects we carried out the 
reaction for three different reaction temperatures (140 °C, 
170 °C and 200 °C). 
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Fig. 1. Schematic diagram of synthesis method. 
 

2.3 Characterization 
 
Scanning electron microscopy (SEM) images were 

taken with Philips XL-30S FEG scanning electron 
microscopy. FT-IR measurements were taken Perkin 
Elmer Spectrum BX FT-IR  

 
 
3. Results and discussion 
 
3. 1 Effects of NaOH on the morphology of ZnO 
 
The molar ratio of ZnAc2 and NaOH was changed 

from 1:1 to 1:8 to investigate the influence of NaOH on 

the morphology of ZnO. In our study crystalline quality of 
ZnO nanostructures decrease with the increasing amount 
of NaOH. To improve the crystalline quality we rinsed the 
products with diluted HCl to eliminate the impurities (Na+ 
and OH- ions) caused by the excess of NaOH (Fig. 2).  
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Fig. 2. Effect of washing with HCl acid on the absorption 

spectrum of ZnO. 
 

Fig. 3 shows the SEM images of ZnO products 
synthesized with different amount of NaOH. When using 
different molar ratio of NaOH, all the products were of 
irregular shapes with a wide size distrubution although 
some of them show nanorod structure (Fig. 3a, b, c). On 
the other hand, when Zn2+/OH- molar ratio is fixed to 1:8, 
the products are nanorods with an average diameter of 65 
nm and lengths in the range of 300-500 nm (Fig. 3d). 
From the above results, it is pointed out that 1:8 ratio of 
Zn2+/ OH- is a critical ratio for the formation of ZnO 
nanorods in our reaction system. 

 

 
 

Fig. 3. Effects of NaOH on the morphology synthesized with different molar ratio of Zn2+ to OH- a) 1:1 b) 1:2 c) 1:4 d) 1:8. 
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In the aqueous solution, OH- ions formed due to 

hydrolysis of the basic additive NaOH and Zn(OH)2 
formed by the reaction between Zn2+ and OH- ions. In 
dilute solutions, zinc(II) can exist as several monomeric 
hydroxyl species. These species include Zn(OH)+

(aq), 
Zn(OH)2(aq), Zn(OH)2(s), Zn(OH)3

-
 (aq) ve Zn(OH)4

-2
(aq). The 

crystal morphology can be controlled by these various 
species, which act as promoters or inhibitors for nucleation 
and growth. Solid ZnO nuclei are formed by the 
dehydration of these hydroxyl species. The ZnO crystal 
can continue to grow by the condensation of the surface 
hydroxyl groups with the zinc-hydroxyl complexes [24]. 
Depending on the amounts of NaOH used, concentration 
of these species can be changed in the solution. The 
concentration and kind of each specie cause different 
growth rate that is responsible for the resulting 
morphology of the product.  

 
 
 
 
 

3. 2 Effects of PEG400 as a surfactant on the  
       morphology of ZnO 
 
The growth process of ZnO in the presence of 

PEG400 is different. Because of the existence of 
surfactant, the surface tension of solution is reduced, 
which lower the energy needed to form a new phase, and 
ZnO crystal, therefore, could form in a lower 
supersaturation [25]. The growth rate, in general, is 
controlled by external factors like temperature, 
supersaturation, influence of the solvent, and impurities 
[26]. In our case, the external factor, i.e. supersaturation 
caused by the surfactant and the influence of this factor on 
the nucleation and growth rate of the crystal was studied. 

We carried out the same reaction for two different 
reaction time. PEG400 changes the growth rate of ZnO 
crystal and the morphology of the final products. Fig. 4 
shows the SEM images of ZnO products synthesized in 
these conditions. The results are in good agreement with 
the above discussions. From the SEM images it can be 
clearly observed that in the presence of PEG400 randomly 
oriented ZnO nanorods were obtained while in the absence 
of PEG400, ZnO flowers were obtained. As a result, 
PEG400 as a surfactant plays an important role on the 
absorption spectra and morphology of ZnO. 

 
 

 
 

Fig. 4. Effects of PEG400 as a surfactant on the morphology a) ZnO nanorods synthesized at 140 ˚C for 6 h in the presence of 
PEG400 b) ZnO flowers synthesized at 140 ˚C for 6 h in the absence of PEG400 c) ZnO nanorods synthesized at 140 ˚C for 12 h 

in the presence of PEG400 d) ZnO flowers synthesized at 140 ˚C for 12 h in the absence of PEG400. 
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3. 3 Effects of reaction temperature on the  
      morphology of ZnO 
 
The effect of the reaction temperature on the 

morphology of the products as also investigated. Fig. 5 
shows the SEM images of the products synthesized at 
different reaction temperature for 6 h. When the reaction 
proceeded at 140 ˚C, ZnO nanorods with an average 
diameter of 50 nm and a length in the range of 300-700 nm 
were obtained. By increasing the reaction temperature to 
170 ˚C, the ZnO nanorods obtained have an average 
diameter of 100 nm and length of 250 nm. Upon further 
increasing the reaction temperature to 200 ˚C, ZnO 
nanorods with average diameter of 200 nm and length of 
400 nm were detected. As a result, with increasing the 
reaction temperature average diameter of the ZnO 
nanorods increases. 
 

 
 

Fig. 5. Effects   of   reaction    temperature   on  the 
morphology of ZnO a) 140 ˚C b) 170 ˚C c) 200 ˚C. 

 
3. 4 Effects of annealing on the morphology of ZnO 
 
Fig. 6 illustrates the FT-IR spectra of ZnO as prepared 

and annealed. Note that there is an absorption band 
corresponding to hydroxyl group (O-H) at 3441 cm-1. The 
absorption band at ~ 2400 cm-1 is because of existance of 
CO2 molecular in air. The bonds between 500 and 600 cm-

1 corresponded to the ZnO bonds. After annealing, O-H 
bonds become weaker indicating decomposition of the 
organic moieties.  

 
 

 
 

 
Fig. 6. FT-IR results of ZnO as prepared (black line) and 

annealed (blue line). 
 
 
4. Conclusions 
 
We investigated the reaction conditions including 

NaOH, growth temperature, surfactant and annealing on 
ZnO products. By using hydrothermal method, ZnO 
nanostructures with different morphologies were 
successfully synthesized. The effect of the reaction 
conditions on the morphological characterization as 
discussed in detail.  
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