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Abstract 
Planar tetrapods ZnO (PTP-ZnO) or cross shaped tetrapod nanostructures were synthesized by a 
cethyltrimethylamonium hydroxide (CTAOH)-assisted hydrothermal method at low temperature 
(120˚C). The XRD diffractogram showed that the PTP-ZnO nanostructures showed a hexagonal 
wurtzite phase. The studies with high resolution transmission electron microscopy (HRTEM) and 
select area specific diffraction (SAED) revealed that the ZnO pods were single crystals and prefer- 
entially grew up along [002] direction. The growth mechanism of the CTAOH assisted-hydrother- 
mal synthesized PTP-ZnO nanostructures is explained using the final shape guiding of materials 
nanostructured and surfactant-action theories. 
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1. Introduction 
Actually, the semiconductor zinc oxide ZnO is playing a protagonist roll between an oxide metallic family such 
as ZrO2, CaO, MgO, SiO2, Ga2O3, In2O3 TiO2 and SnO2 due to its wide band gap (3.2 eV) and large exciton 
binding energy of 60 meV [1]. With these magnificent properties the ZnO is strategic in the wide use of basic 
material for short wave length electro-optically devices such as light emitting diodes and diode laser [2], its 
large excitation energy can ensure an efficient exciton emission at room temperature and ultraviolet (UV) 
luminescence has been reported in nanoparticles and thin films [2]-[8]. However, the ZnO can be used in 

http://www.scirp.org/journal/wjcmp
http://dx.doi.org/10.4236/wjcmp.2015.54034
http://dx.doi.org/10.4236/wjcmp.2015.54034
http://www.scirp.org
http://creativecommons.org/licenses/by/4.0/


S. López-Romero et al. 
 

 
340 

scientific and technological areas including: microelectronic devices [9], chemical and biological sensors [10], 
light-emitting display [11], catalysis [12] and energy conversion and storage devices [13]. Additionally, ZnO has 
been synthesized in a great diversity of nanostructures such as nanospring [14], nanorings [15], nanobows [16], 
nanojunctions arrays [17] [18], nanobelts [14], nanocombs [19], nanopropelles arrays [16] and nanoflowers [20] 
synthesized efficiently due to the high iconicity of the polar surface [14] [15]. In this work planar tetrapod ZnO 
(PTP-ZnO) nanostructures were synthesized by a cetiltrimetilamonium hydroxide (CTAOH) assisted-hydro- 
thermal method at 120˚C, and the growth mechanism of the PTP-ZnO was explained using the empirical final 
shape guiding of materials nanostructured and surfactant-action theories [21]-[23]. 

2. Experimental 
2.1. Preparation of the PTP-ZnO Nanostructures 
The source materials used in this study were analytical reagent grade (Sigma-Aldrich) and used without further 
purification. Zinc acetate [Zn(CH3COO)2] was used as source material of Zn and cetyltrimethylammonioum hy-
droxide (CTAOH) as surfactant and catalyst. Initially, 0.01 M of zinc acetate was dissolved in ethyl alcohol and 
magnetically stirred at 60˚C for 1 h. Then, cetyltrimethylammonioun hydroxide was mixed into the solution with 
Zn/CTAOH molar ratio of 1/1.6 and then refluxed at 120˚C for 2 h. It was observed, as a product of the reaction, 
a white ZnO powder precipitated at the flask bottom. Then the resulting white powder products were centrifuged, 
washed with deionized water to remove the organic residues possibly remaining in the final products and finally 
dried at 60˚C in air. 

The reaction mechanism proposed for hydrothermal synthesis is already reported by J. Zhung and coworkers 
[17]. In this reaction model is well established that the growth unit corresponds to the anions [Zn(OH)4]2−. In the 
context of this model, the following chemical reactions are expected to occur: 

( ) ( )CTAOH-120 C
3 3 2 3 2 322

2Zn CH COO 4CH CH OH 2Zn OH 4CH COOCH CH+ → +            (1) 

( ) 2
2Zn OH Zn 2OH+ −↔ +                                  (2) 

2
2Zn 2OH ZnO H O+ −+ ↔ +                                 (3) 

( ) ( ) 2

2 4Zn OH 2OH Zn OH .
−−  + ↔                                (4) 

In reaction (1) Zn2+ ions are combined with OH− radicals in the alcoholic solution to form a Zn(OH)2 colloid 
through the reaction Zn2+ + 2OH− → Zn(OH)2. Later, in the hydrothermal process, the Zn(OH)2 is separated into 
Zn2+ ions and OH− radicals according to reaction (2). Then, ZnO nuclei are formed according reaction (3), when 
the concentration of Zn2+ ions and OH− radicals reaches a super-saturation grade. Finally, the growth unites of 
[Zn(OH)4]2− radicals are obtained through the reaction (4). The dissolution-nucleation cycle according to reac- 
tions (5) and (6) respectively produces: 

( ) 2 2
4 Zn OH Zn 4OH

− + −  ↔ +                                  (5) 

2
2Zn 2OH ZnO H O.+ −+ ↔ +                                  (6) 

2.2. Characterization 
The X-ray diffraction (XRD) pattern of the PTP-ZnO nanostructures was obtained with a X-ray diffractometer 
(SIEMENS D 5000) using the CuKα (1.5406 Ǻ) radiation, with a scanning speed of 1˚ per min. at 35 KV and 30 
mA. The morphology of the sample was studied using a JEM5600-LV scanning electron microscope. The sin-
gle-crystal structure of the PTP-ZnO nanostructures was analyzed using a JEOL FEG 2010 Fast TEM electron 
microscope with a 2.1 Ǻ resolution (point to point).  

3. Results and Discussion 
3.1. X-Ray Measurements 
Figure 1 shows the XRD pattern of the PTP-ZnO nanostructures synthesized by the CTAOH-assisted hydro-  
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Figure 1. XRD diffractogram of the PTP-ZnO nanostructures.                                                       

 
thermal method at low temperature (120˚C). The XRD diffractograms reveal that this corresponds to ZnO sys-
tem with wurtzite structure. All diffraction peaks of the PTP-ZnO nanostructures were indexed to the hexagonal 
phase of ZnO having lattice parameter a = 3.249 and c = 5.206 Å (JCPD file No 36-1451). 

3.2. Morphology of the PTP-ZnO Nanostructures 
Figure 2(a) shows the low magnification SEM image of a individual PTP-ZnO sample, it consist of four pods 
emerging of a common point in four directions at an angle of 90˚ between the pods. The wide of the pods rang-
ing between 0.1 and 0.2 µm, and 7.0 µm in length, from this image it can be seen that one end of the pods is 
pointed. Figure 2(b) shows a panoramic view of many PTP-ZnO nanostructures, it can be observed that all the 
PTP-ZnO are similar in form with diverse sizes. 

Figure 3(a) and Figure 3(b) show the electron diffraction pattern and HRTEM image, respectively, of a pod 
belonging to a PTP-ZnO nanostructure; Figure 3(a) shows a good crystalline quality of the PTP-ZnO obtained 
which is consistent with the XRD results shown in Figure 1. The HRTEM image reveals that the interplanar 
spacing in the crystalline PTP-ZnO is 0.26 nm which is the distance between two (002) planes of the ZnO 
hexagonal phase indicating the preferential growth along the (002) direction (c axes). 

3.3. Growth Mechanism 
Actually it is possible shape guiding of materials nanostructured by controlling critical parameters in assisted 
hydrothermal surfactant synthesis technique. Lee [21] showed that the important conditions for selective growth 
and final shape determination are the following: 1) the crystalline phase of the seed at the nucleating stage of 
nanocrystals is critical for directing the intrinsic shapes of nanocrystals due to its characteristic unit cell structure; 
potentially the seeds can have a variety of different crystallographic phases but the stable phase is highly de-
pendent on its environment especially the temperature; 2) the growth time is alternatively a factor that play a 
important roll in shape control of nanostructures; 3) The delicate balance between the kinetics and thermody-
namic growth regimes; in the kinetic regime fast growth on the crystallographic faces with high surface energy 
promotes 1-D formation. However when sufficient thermal energy is supplied either by utilizing higher growth 
temperatures (~200˚C) for extended periods of time (i.e. 2 h at 200˚C) the most thermodynamically stable 
(spherical shapes) are favored through the intraparticle 1-D to 2-D Oswald Ripening process [22]; 4) organic 
capping molecules: the surface properties of the nanostructures can be also tailored by the types and the amounts 
of adsorbing organic capping molecules present in the surfactant or catalyst [23], this capping molecules can af-
fect the intrinsic surface energy of the crystallographic face of the seeds since the kinetic energy barrier is in-
versely proportional to the surface energy; 5) The molecular precursor which can decompose under mild condi-
tions is critical for kinetics growth process [24].  

In the before context on shape guiding of nanostructured materials, in this work PTP-ZnO nanostructures  
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(a)                                              (b) 

Figure 2. (a) SEM image of a single PTP-ZnO; (b) panoramic SEM image of many PTP-ZnO nano-
structures.                                                                                       

 

 
Figure 3. (a) Electron diffraction pattern; (b) HRTEM of an individual pod of a PTP-ZnO.                        

 
(cross shaped tetrapod) has been synthesized at 120˚C by the CTAOH-assisted hydrothermal method taking ac-
count as the key parameters in the hydrothermal process the temperature and the capping molecules. Thus in the 
hydrothermal process to obtain the PTP-ZnO nanostructures at low temperature (120˚C) it is assumed that the 
seed unit cell formed in the initial nucleation process is an truncated octahedron with faces which have an crys-
tallographic hexagonal wurtzite structure formed in the central region of the cross-like and from them the 
growth of the ZnO pods is possible through the preferential growth on the four opposite faces of the {100} faces 
of the truncated octahedron seed. Finally the ZnO pods are grown along the {002} directions (c axes) with inter-
planar separation distance of 0.26 nm. In other words the phase of the ZnO pods nanocrystals was determined by 
the temperature-mediated phase control of the initial seed. However, the played roll of the CTMAOH is as sur-
factant and catalyst. 

Once that an determined crystalline phase has been selected during the initial nucleation stage the delicate 
balance between the growth kinetic and the thermodynamic growth regimes will affect strongly the final archi-
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tecture of the ZnO nanocrystals, in our hydrothermal experiment the temperature used was low (120˚C) and in 
non-equilibrium condition selective anisotropic growth between different crystallographic faces is established: 
in our case since the surface energy of the (001) face of the wurtzite phase is higher than that other faces, selec-
tive growth through the c axes of the hexagonal ZnO pod is induced. 

To observe the influence of the CTAOH on the hydrothermal process other two experiments were made: one 
without CTAOH and second one at higher temperature (200˚C): in the first experiment only particles of about 
100 nm were obtained see Figure 4 this occurs because there are not active sites on the ZnO seed surface. Fur-
thermore the growth rate of the c axis is low because the reaction temperature is low. However due to the pres-
ence of the CTAOH surfactant in the hydrothermal process capsules of CTAOH are generated in saturation con-
dition and due to the coulomb force action between the anion unites [Zn(OH)4]2− and the cation capsules surfac-
tants CTAOH they interact to form complexing agents which are adsorbed on the surface of the ZnO seed, this 
adsorption of the complexing agents decreases the surface energy of the ZnO resulting in the generation of ac-
tive sites on the ZnO surface, thus at low temperature condition ZnO pods with point ends can growth on these 
active sites. Consequently without the CTAOH presence in the hydrothermal process only particles can be ob-
tained. In the second experiment at 200˚C ZnO nanorods were obtained, Figure 5 is an SEM image of the ZnO 
 

 
Figure 4. SEM Image of the particles obtained at 120˚C without the 
action of the CTAOH.                                                      

 

 
Figure 5. Nanorods obtained at 200˚C with CTAOH.                           
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nanostructures thus obtained, it clearly shows that ZnO nanorods but no PTP-ZnO nanostructures are obtained, 
this is because the capsules of CTAOH are normally destroyed at 160˚C in the hydrothermal process and as a 
consequence only an individual CTAOH molecule interact with a growth unit [Zn(OH)4]2− to form a complex 
agent which is adsorbed on the surface of the ZnO seed an active site will form and ZnO nanorods preferentially 
grows in this site. 

4. Conclusion 
In this work planar tetrapod (shaped cross-like nanostructures) of ZnO (PTP-ZnO) were synthesized by the 
CTAOH-assisted hydrothermal method at 120˚C. The ZnO phase obtained for the pods belonging to the PTP- 
ZnO was the wurtzite hexagonal phase; the ZnO pods crystal single grown along the (002) direction with a se-
paration distance between the (002) faces of 0.26 nm. The total influence of the temperature in the hydrothermal 
reaction and the initial nuclei seed obtained join with the effect of the capping molecules on the shape of the end 
architecture for the ZnO nanostructures confirmed the validity of the empirical theory on guiding shape final of 
nanostructures in a surfactant-assisted hydrothermal process. 
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