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Here, we report the seed/catalyst-free growth of 2D and 3D ZnO nanostructures on a glass 

substrate by thermal evaporation of Zn powder in the presence of O2 gas. These 

nanostructures were grown on (75 ± 5 nm) ZnO seed layers, which were deposited on glass 

substrates by radio frequency magnetron sputtering. Prior to synthesized ZnO nanostructures, 

the sputtered ZnO seeds were annealed using the continuous wave  CO2 laser at 450 ℃ in air 

for 15 min.The effects of carrier gas flow rate on the morphological, structural, and optical 

properties were systematically studied using field emission scanning electron microscopy, X-

ray diffraction and UV-Vis spectroscopy.  
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 الخلاصـة
ثنائية وثلاثية الأبعاد على ركيزة زجاجية بواسطة هنا ، نقوم بالإبلاغ عن النمو الخالي من البذرة / المحفز للبنُى النانوية 

 5±  75التبخر الحراري لمسحوق الزنك في وجود غاز الاوكسجين. نمت هذه البنى النانوية على طبقات من بذور الزنك )

تم ترسيب النانوية لأكاسيد الزنك ،  البنىالرش. قبل تركيب  طريقة نانومتر( والتي تم ترسيبها على ركائز زجاجية بواسطة

دقيقة. تم  15في الهواء لمدة   450 ℃ الموجة المستمر عند ثاني اوكسيد الكاربون ذو بذور أكسيد الزنك باستخدام ليزر

دراسة تأثير معدل تدفق الغاز الناقل على الخصائص المورفولوجيا والبنيوية والبصرية بشكل منهجي باستخدام انبعاثات 

 .يود الأشعة السينية والتحليل الطيفي للأشعة فوق البنفسجي  مجال مسح المجهر الإلكتروني ، ح

 

Introduction  
Zinc oxide (ZnO) is semiconductor with a 

direct wide-bandgap of 3.37 eV and large 

exciton binding energy of 60 meV. ZnO 

nanostructures have significant interest because 

of its potential in different applications [1]. In 

addition, ZnO nanostructure is low cost, high 

thermal stability, non-toxic, easily fabricated, 

high transmittance in the visible region [2].  

ZnO nanostructures have been extensively used 

in different fields, such as environmental 

science [3], optoelectronics [4], catalysts [5], 

actuators and piezoelectric transducers [6], and 

solar cells [7]. ZnO nanostructures including 

zero-dimensional (0D) such as nanoparticles 

and quantum dot, one-dimensional (1D) such 

as nanowires, nanorods, and nanoneedles, two-

dimensional (2D) nanoribbons and nanoleaves, 

and three-dimensional (3D) such as tetrapods 

and spherical grains [8-10].  

Many physical and chemical methods are 

available and can be used to synthesis ZnO 

nanostructures, such as spray pyrolysis [11], 

pulsed laser deposition [12], magnetron 

sputtering (RF) [13], sol-gel method [14], 

atomic layer deposition [15], and thermal 

evaporation[16]. Among these methods, 

thermal evaporation is considered to be one of 

the important methods employed to prepare 

ZnO because of its cost-effectiveness, simple, 

unique features, catalyst-free growth namely 

and easily controlled growth parameters, such 

as distribution on the substrate, growth rate, 

and film thickness. In addition, thermal 

evaporation presents a wide range of 

nanostructures with different morphologies. 
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In the present study, the catalyst-free growth of 

2D and 3D ZnO nanostructures on ZnO seeds-

coated glass substrates by thermal evaporation 

method was investigated. In addition, the 

morphological, structure, and optical properties 

of ZnO nanostructures was conducted by using 

varying Ar flow rates at a low growth 

temperature. The objectives of this study are to 

use a low cost substrate in a fabricated a 

different morphology and dimension of ZnO 

nanostructures and obtains the optimized 

parameters for the control of different 

morphologies of these nanostructures  
 

Materials and Methods 
Experimental details   

A horizontal tube furnace with a two-zone tube 

furnace was used to growth ZnO-Ts by thermal 

evaporation method. High-purity metallic Zn 

powder (Aldrich Chemical Company- Inc, 

USA, 99.99 %,) loaded in a quartz boat. This 

Zn powder with boat was transferred into the 

firs zone in center of the furnace using a quartz 

tube. The ZnO seed layer was deposited onto 

glass substrates by RF sputtering system. The 

base pressure of the RF chamber was at 10-7 

mbar with power of 100 W with. The thickness 

of the ZnO seeds was approximately 75 ± 5 nm 

thicknesses. A CW CO2 laser beam at 

wavelength of 10.6 μm was used for ZnO seed 

layer annealing at 450 ℃ in air for 15 min, in 

accordance with our previous study [17]. The 

ZnO seeds/glass substrate was placed vertically 

in second zone in the downstream direction of 

the Zn powder. The Zn powder in the first zone 

was gradually heated up from room 

temperature to 550 °C at a rate of 10 °C / min. 

High-purity Argon gas as a carrier gas was 

introduced into the quartz tube at a rate of 10, 

and 40 ml/min, respectively. High-purity 

Oxygen gas employed was introduced into the 

furnace at a rate of about 10 ml/min after 

reaching a maximum temperature in the first 

zone at 550 °C. The pumping of Oxygen gas 

into the reaction zone continued for 90 min. 

After the oxidation process, the furnace was 

turned off and cooled to room temperature. 

White material formed on the substrate after 

the evaporation was completed. 

Results and Discussion 
Morphological studies  

The morphologies of the catalyst-free growth 

of ZnO nanostructures on the ZnO seed layer 

coated glass substrates were measured by 

FESEM as shown in Fig. 1. The effect of the 

carrier gas flow rate on the shape and diameter 

of the ZnO nanostructures is significantly 

observed. The 3D ZnO nanostructures grown 

on seed layer at a low flow rate of 10 ml/min 

were agglomeration of small spherical grain 

with high-density growth, as shown in Fig. 

1(a). The average diameters of these spherical 

grains were estimated to be 30-40 nm. 

Significant conversion in the morphology of 

ZnO nanostructures that were grown at a flow 

rate of 40 ml/min is appears as a 3D, large area 

and high-density growth of  ZnO resembles the 

tree leaves, as shown in Fig. 1(b). Therefore 

this structure can be called a nanoleaf structure. 

The diameter of most of these leaves ranges 

approximately 50 nm width and 1-2 µm length. 
 

 
 

Figure 1: FESEM image of the catalyst-free growth of 

2D and 3D ZnO nanostructures on ZnO seed layer under 

different Ar flow rates (a) 10 ml/min, and (b) 40 ml/min.  
 

Crystalline Structure  

The X-ray diffraction patterns of the catalyst-

free growth of ZnO nanostructures on ZnO 

under different Ar flow rates of 10 and 40 

ml/min, respectively via thermal evaporation 

method are shown in Fig 2. All the peaks 

indicate that the ZnO nanostructures were 

successfully grown on glass substrates at 

varying Ar flow rates, with match the 

hexagonal wurtzite phase of bulk ZnO (ICSD 

Card No.01-080-0075). The strong intensity of 

the (0 0 2) peak indicates that the ZnO 

nanostructures have a preferential growth 

direction along the c-axis orientation.  
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The highest intensity of the (002) direction was 

obtained under Ar flow rates of 40 mi/min. 

This finding indicated that the highest 

crystallinity was at this sample [18]. 
 

 
 

Figure 2: EDX spectra of the catalyst-free growth of 2D 

and 3D ZnO nanostructures on ZnO seed layer under 

different Ar flow rates.                                                                                                                                                       
 
 

Optical properties  
Fig. 3 shows the UV–Vis optical transmission 

spectra of the catalyst-free growth of ZnO 

nanostructures on ZnO under different Ar flow 

rates of 10 and 40 ml/min, respectively via 

thermal evaporation method in a wavelength 

range of 300- 800 nm, and the absorption 

spectra of the samples, inset of Fig. 3. It can be 

seen that the transmittance of the ZnO 

nanostructure at a flow rate of 40 ml/min is 

higher than the other sample in the whole 

wavelength range. The reason is that when this 

nanostructure grows at a flow rate of 40 ml/min 

it will have a better uniform interspace 

amongst all the samples, which is in agreement 

with FESEM (Fig. 1). This can cause less light 

scattering and better transmittance of the 

spectrum [19]. The absorption spectrum of the 

prepared nanostructures (inset of Fig. 3) 

demonstrates a high absorbance and sharp 

absorption shoulder in wavelengths between 

300 and 400 nm (UV region). 
 

 

 
 

Figure 3: UV–Vis transmissions of the 2D and 3D ZnO 

nanostructures under different Ar flow rates. The 

absorption spectrum is shown in the inset. 

 

 

Conclusion 
In conclusion, catalyst-free growth of 2D and 

3D ZnO nanostructures was successfully 

fabricated on a glass substrate via thermal 

evaporation method. This was demonstrated 

using a sputtered ZnO seed layer after laser-

treatment by CW CO2 laser as a heat source. 

Controlling the growth mechanism for these 

nanostructures at different Ar flow rate at 

growth temperature of 550 °C was proposed. It 

has been shown that the carrier gas flow rates 

leads to a different in the nucleation site, which 

in turn leads to significant influence on the 

dimensions, sizes and geometric shapes of ZnO 

nanostructures. In addition, observed that the 

morphology of the ZnO nanostructures play a 

critical role in determining their crystal quality 

and optical properties. 
 

Acknowledgements 
This work was supported by Universiti Sains 

Malaysia RU Top-Down grant 

(1001/CINOR/870019). 
 

References  
 

[1]  Li, Yu-Ren, et al. "Thickness effect of NiO 

on the performance of ultraviolet sensors 

with p-NiO/n-ZnO nanowire heterojunction 

structure." Vacuum 118 (2015): 48-54.. 

[2]  Alsultany, Forat H., Z. Hassan, and Naser 

http://creativecommons.org/licenses/by-nc/4.0/


1st International Conference on Safety and Security of the Scientific Applications (ICSSSA),  

26th - 27th September 2018, Baghdad, Iraq 
2018 

 

132 

 

M. Ahmed. "Catalyst-free growth of ZnO 

nanowires on ITO seed layer/glass by 

thermal evaporation method: Effects of ITO 

seed layer laser annealing temperature." 

Superlattices and Microstructures 92 

(2016): 68-79. 

[3]  Jitao Lv, et al., Accumulation, speciation 

and uptake pathway of ZnO nanoparticles 

in maize, Environ. Sci.: Nano 2 (1) (2015) 

68–77. 

[4]  Q. Qiao, et al., Light-emitting diodes 

fabricated from small-size ZnO quantum 

dots, Mater. Lett. 74 (2012) 104–106. 

[5]  Harald Lorenz, et al., ZnO is a CO2 

selective steam reforming catalyst, J. Catal. 

297 (2013) 151–154.  

[6]  Yanhui Yuan, et al., A ZnO thin-film 

driven microcantilever for nanoscale 

actuation and sensing, Int. J. Smart Nano 

Mater. 4 (2) (2013) 128–141.  

[7]   Jiawen Fang, et al., Morphology control of 

ZnO nanostructures for high efficient dye 

sensitized solar cells, Mater. Charact. 108 

(2015) 51–57. 

[8]  Rodrigues, Adriana, Maria CM Alves, 

and Jonder Morais. "Self-assembled 

nanocolumnar ZnO films chemically 

deposited on stainless steel with 

controlled morphology and thickness." 

Materials Letters 114 (2014): 122-125. 

[9]  Pradhan, D., and K. T. Leung. "Vertical 

growth of two-dimensional zinc oxide 

nanostructures on ITO-coated glass: 

effects of deposition temperature and 

deposition time." The Journal of Physical 

Chemistry C 112.5 (2008): 1357-1364. 

[10]  Fuxue, Wang, et al. "Luminescence 

properties of tetrapod ZnO 

nanostructures." Journal of 

Semiconductors 35.6 (2014): 063004. 

[11]  G. Kenanakis, N. Katsarakis, Ultrasonic 

spray pyrolysis growth of ZnO and ZnO: 

Al nanostructured films: application to 

photocatalysis, Mater. Res. Bull. 60 

(2014) 752–759. 

[12]  Christian Weigand, et al., Epitaxial 

relationships of ZnO nanostructures 

grown by Au-assisted pulsed laser 

deposition on c-and a-plane sapphire, J. 

Cryst. Growth 355 (1) (2012) 52–58.. 

[13]  Husam S. Al-Salman, M.J. Abdullah, 

Preparation of ZnO nanostructures by RF 

magnetron sputtering on thermally 

oxidized porous silicon substrate for 

VOC sensing application, Measurement 

59 (2015) 248–257. 

[14]  J. Li, et al., Synthesis and luminescence 

properties of ZnO nanostructures 

produced by the sol–gel method, J. Cryst. 

Growth 310 (3) (2008) 599–603. 

[15]  Y Orlov, Anatolii, et al., ZnO 

nanostructures via hydrothermal 

synthesis on atomic layer deposited seed-

layers, in: IEEE 35th International 

Conference on Electronics and 

Nanotechnology (ELNANO), IEEE, 

2015. 

[16]  Alsultany, Forat H., Z. Hassan, and 

Naser M. Ahmed. "Control growth of 

catalyst-free ZnO tetrapods on glass 

substrate by thermal evaporation 

method." Ceramics International 42.11 

(2016): 13144-13150. 

[17]  Forat H. Alsultany, Naser M. Ahmed, 

M.Z. Matjafri, Effects of CW CO2 laser 

annealing on indium tin oxide thin films 

characteristics, Soft Nanosci. Lett. 4 (04) 

(2014) 83. 

[18]  H. Abdulgafour, Z. Hassan, F. Yam, and 

C. Chin, "Sensing devices based on ZnO 

hexagonal tube-like nanostructures 

grown on p-GaN heterojunction by wet 

thermal evaporation," Thin Solid Films, 

vol. 540, pp. 212-220, 2013. 

[19]  Zhou, Hai, et al. "The investigation of 

Al-doped ZnO as an electron transporting 

layer for visible-blind ultraviolet 

photodetector based on n-ZnO 

nanorods/p-Si heterojunction." Materials 

Science in Semiconductor Processing 38 

(2015): 67-71. 

 

 

 


