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Abstract

ZnO nanostructures are directly integrated into a substrate by chemical vapor deposition (CVD) method. Gold catalyst is patterned on a 
Si substrate using a DC magnetron sputtering and then ZnO nano structures is grown on the patterned substrate by CVD. X-ray diffraction and 
scanning electron microscopy (SEM) were employed to obtain the nanostructure and morphology of the films. Additionally, the antibacterial 
effect has been studied on Escherichia coli. The result shows that the bacteriostatic effect was dependent on the ZnO nanostructures thickness.
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Introduction
The nanostructures material with specific properties 

dependent on their size and geometrical shape has created 
an interesting research environment for scientist in different 
fields of application. In particular, noble metals have found 
applications in optics [1,2], electronic [3,4], biomedicine and 
antibacterial activity [5-7], and quantum size domain [8]. ZnO 
nanostructures, such as ZnO nanoparticles, provide a large 
surface-area-to-volume ratio and a high fraction of surface 
atoms [9], which enhance the antimicrobial activity of ZnO, even 
at low concentrations [10,11]. ZnO has been generally found to 
be an n-type semiconductor with a band gap of about 3.3 eV, 
i.e. absorption begins near the UV A area. ZnO thin films have 
a great variety of potential applications such as light emitting 
diodes, laser diodes, solar cells, liquid crystal displays, thin 
film transistors, and gas sensors [12,13]. ZnO is also applicable 
to air and water purification and waste remediation due to its 
photoactive and photo catalytic properties. In addition ZnO is 
antibacterial and has already been studied for several decades in 
antibacterial tests, and orthopedic and dental clinical treatments 
[13-15].

In recent years, the synthesis of ZnO nanostructures has 
received considerable attention because of their ease of growth  

 
and potential applications in optoelectronic devices, including 
light emitting diodes, laser diodes, and nano-piezotronics 
[16,17]. Chemical vapor deposition (CVD) is very attractive as 
a simple cost-effective means of preparing ZnO thin film and 
nanostructures. Normally, pure zinc powder is used as the Zn 
source to prepared CVD grown ZnO nanostructures. In this work, 
we have used this technique and produced ZnO nanostructures 
and investigated their antibacterial properties as well as 
structural characteristics.

Experimental Details
Our experiment performs in two step: I) Deposition of 

Au catalyst on Si substrate (Au/Si), II) Deposition of ZnO 
nanostructure on Au/Si (ZnO/Au/Si). The experimental system 
for ZnO deposition is as illustrated in (Figure 1a). Zinc powder 
was used as the evaporating source. The source was contained in 
an alumina boat placed at the centre of a quartz tube which was 
inserted in a horizontal tube furnace. The temperature of the 
system is controlled by a thermocouple inserted in the middle 
of furnace. The reacting gas (Ar/O2) was introduced into the 
system by gas injector at different locations to achieve the best 
uniformity over a given substrate size. At the beginning of the 
experiment argon was introduced into the system for an hour to 
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purge the system. Then the furnace was heated at an approximate 
rate of 80oC/min to the set temperature under the same Ar flow 
rate. Then the growth experiments were conducted for 1h. 

The samples were removed from the furnace after the 
system cooled down to room temperature. Zinc has a high 
saturation vapor pressure and can be evaporated thermally at 
low temperatures (about 400oC).Zinc reacts readily with oxygen 
due to its high chemical activity. Before CVD process and ZnO 
fabrication, the Si substrate was deposited with gold catalyst 
via sputtering method. The gold catalyst was deposited with 

a DC planer magnetron sputtering system, which is shown in 
(Figure 1b), using a circular 50mm diameter and 2mm thick Au 
target of 99.998% purity. The target-to-substrate distance was 
at 3 cm. A continually variable DC power supply of 700V and 
15mA was used as power source for sputtering. The substrates 
were 10 × 10mm2 Si and were ultrasonically cleaned in acetone 
and ethanol. The substrate temperature was 300∘C. The base 
pressure was lower than 2×10−5 Torr. Pure argon gas was used 
as sputter gases. With Ar+ bombardment on Au target the gold 
catalyst was deposited on Si substrate.

Figure1: Schematic view of (a) oven used in this experiment. (b) Sputtering system.

Results and Discussion
XRD analysis

XRD patterns of Au catalyst on Si samples prepared via 
sputtering method in this work are shown in (Figure 2) From 
(Figure 2) it is concluded that all the Au catalyst single crystal 
with a cubic spinal structure which generally occurs in the 
growth of Au thin films. The XRD pattern has a peak correspond 
to (111) plane which are compared with JCPD data. (Figure 
3 & 4) shows the XRD patterns of deposits formed on Au/Si 

substrates which are placed at different distances from the zinc 
source at the furnace temperature of 800oC. The absence of a Zn 
peak in the XRD pattern demonstrates the absence of Zn atoms 
in the structure of the nanostructure and completes oxidations 
formation process. By increasing the distances from the zinc 
source, ZnO (002) and ZnO (102) peak intensity is decreased. 
Polycrystalline films deposited on substrates generally show 
preferred orientation, with a strength which depends on the 
deposition method, film material, and deposition conditions.

Figure 2: X ray diffraction patterns of Au catalyst thin film on Si 
substrate (Au/Si).

Figure 3: X ray diffraction patterns of ZnO on Au/Si which the 
distances from the zinc source is 3cm (Sample No. 2).
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Figure 4: X ray diffraction patterns of ZnO on Au/Si which the 
distances from the zinc source is 9cm(Sample No. 2).

SEM analysis
In our work, we reported on the structural characteristics 

of thin films obtained using SEM analysis. Figure 5a shows the 
SEM images of the Au catalyst thin film on Si substrate (Au/
Si). The morphology of Au grains is found to be continuous and 
dense. It is found that the deposit morphology is sensitive to the 
distance from the source. With decreasing distance from the 
source, the substrate temperature changes and the morphology 
of the deposit changes from a polycrystalline film (Figure 5b) 
to oriented nanorods (Figure 5c, d, e). From cross section SEM 
images it is indicate that the thickness changes from 400nm 
to 200nm by increasing distances from the zinc source in CVD 
system (Figure 6).

Figure5: SEM images of ZnO on Au/Si which the distances from the zinc source is (a) and (b) 3cm, and (c) and (d) 9 cm,(e) SEM images 
of Au/Si.

Figure 6: Antimicrobial activity of ZnO films. Images showing E. coli colonies on agar plates which have been in contact with ZnO films 
and borosilicate glass control for 24 h in the dark.
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Antibacterial property of ZnO nanostructure
ZnO structures such as silver nanoparticles that have a large 

surface-to-volume ratio have shown a high degree of antibacterial 
property [18]. The antimicrobial activity of ZnO-based materials 
depends on the nanostructure that should provide a high 
surface-area-to-volume ratio and hence a high fraction of surface 
atoms [19,20] which enhances the antibacterial property of ZnO. 
Medium suitable for this test is a nutrient agar. So we estimate 
the culture medium in terms of number plates. We put the plates 
in the incubator for 24 h. A fresh shake culture of Escherichia 
coli was prepared in sterile LB medium by shaking at 37 oC and 
200 rpm for 18h. The results of counting the number of bacteria 
using SPSS software showed that the number of bacteria on the 
ZnO samples is reduced. It is possible that Zn2+ions react with 
negatively charged cell wall of E. coli and initiate wall leakage 
leading to death of bacteria. Antibacterial activity may also be 
due to production of hydrogen peroxide or hydroxyl radicals 
caused by ZnO (Table 1).

Table 1: The number of bacteria.

Number of E. coli Cell

Sample Control Zno#2 Zno#1

1 7.05±0.052 6.20±0.02b 5.00±0.060c

2 7.10±0.202 6.30±0.10b 5.10±0.40c

3 7.00±0.302 6.20±0.5b 5.10±0.20c

Conclusion
We produced and obtained the antibacterial effect and 

morphological properties of ZnO nanostructure with different 
thicknesses by applying CVD method. Nanostructure and 
morphology of the produced samples were obtained using XRD 
and SEM. Antibacterial properties were investigated against 
E. coli. This also indicates that a ZnO nanostructure could be 
used as anti-bacterial coating which would be useful in medical 
applications.

References
1.	 Tadatsugu M, Toshihiro M, Takashi Y, Hidenobu T (2000) Journal of 

Vacuum Science & Technology A: Vacuum, Surfaces, and Films 18: 
1584.

2.	 Kashiwaba Y, Sugawaraa K, Hagaa K, Watanabea H, Zhang BP, et 
al. (2002) Characteristics of c-axis oriented large grain ZnO films 
prepared by low-pressure MO-CVD method. Thin Solid Films 411(1): 
87-90.

3.	 Fortunato E, Barquinha P, Pimentel A, Gonçalves A, Marques A, et al. 
(2005) Recent advances in ZnO transparent thin film transistors. Thin 
Solid Films 487(1-2): 205-211.

4.	 Hua Chi Cheng, Chia-Fu Chen, Cheng-Chung Lee (2006) Thin-film 
transistors with active layers of zinc oxide (ZnO) fabricated by low-
temperature chemical bath method. Thin Solid Films 498(1-2): 142-
145.

5.	 Ott AW, Chang RPH (1999) Atomic layer-controlled growth of 
transparent conducting ZnO on plastic substrates. Materials Chemistry 
and Physics 58(2): 132-138.

6.	 El Bekkaye Yousfi, Jacques F, Daniel L (2000) Study of atomic layer 
epitaxy of zinc oxide by in-situ quartz crystal microgravimetry. Applied 
Surface Science 153(4): 223-234.

7.	 Seong KK, Cheol SH, Sang HK, Sun JY (2005) Comparison between ZnO 
films grown by atomic layer deposition using H2O or O3 as oxidant. 
Thin Solid Films 478(1-2): 103-108.

8.	 Lim SJ, Soon JK, Hyungjun K (2007) High performance thin film 
transistor with low temperature atomic layer deposition nitrogen-
doped ZnO. Appl Phys Lett 91: 183517.

9.	 Özgüra Ü, Alivov YI, Liu C, Tekeb A, Reshchikov MA (2005) A 
comprehensive review of ZnO materials and devices. Journal of 
Applied Physics 98: 041301.

10.	Banerjee D, Lao JY, Wang DZ, Huang JY, Ren ZF (2003) Large-quantity 
free-standing ZnO nanowires. Appl Phys Lett 83: 2061.

11.	Karuppasamy A, Subrahmanyam A (2007) Effect of electron 
bombardment on the properties of ZnO thin films. Mater Lett 61(4-5): 
1256-1259.

12.	Pearton SJ, Norton DP, Ip K, Heo YW, Steiner T (2005) Recent progress 
in processing and properties of ZnO. Prog Mater Sci 50(3): 293-340.

13.	Ruffolo SA, La Russa MF, Malagodi M, Rossi CO, Palermo AM, et al. 
(2010) ZnO and ZnTiO3 nanopowders for antimicrobial stone coating. 
Appl Phys A 100(3): 829-834.

14.	Kääriäinen ML, Kääriäinen TO, Cameron DC (2009) Titanium dioxide 
thin films, their structure and its effect on their photoactivity and 
photocatalytic properties. Thin Solid Films 517(24): 6666-6670.

15.	Kääriäinen ML, Cameron DC (2012) The importance of the majority 
carrier polarity and p-n junction in titanium dioxide films to their 
photoactivity and photocatalytic properties. Surf Sci 606(3-4): 22-25.

16.	Kääriäinen ML, Cameron DC (2012) Nitrogen doping in atomic 
layer deposition grown titanium dioxide films by using ammonium 
hydroxide. Thin Solid Films 526: 212-217.

17.	Schiller R, Weiss CK, Landfester K (2010) Phase stability and 
photocatalytic activity of Zr-doped anatase synthesized in 
miniemulsion. Nanotechnology 21(40): 405603.

18.	Moreau JW, Weber PK, Martin MC, Gilbert B, Hutcheon ID, et al. (2007) 
Extracellular proteins limit the dispersal of biogenic nanoparticles. 
Science 316(5831): 1600-1603.

19.	Pal S, Tak YK, Song JM (2007) Does the antibacterial activity of silver 
nanoparticles depend on the shape of the nanoparticle? A study of the 
Gram-negative bacterium Escherichia coli. Appl Environ Microbiol 
73(6): 1712-1720.

20.	Feng QL, Wu J, Chen GQ, Cui FZ, Kim TN, et al. (2000) A mechanistic 
study of the antibacterial effect of silver ions on Escherichia coli and 
Staphylococcus aureus. J Biomed Mater Res 52(4): 662-668.

http://dx.doi.org/10.19080/GJN.2017.01.555570

http://avs.scitation.org/doi/abs/10.1116/1.582389
http://avs.scitation.org/doi/abs/10.1116/1.582389
http://avs.scitation.org/doi/abs/10.1116/1.582389
http://www.sciencedirect.com/science/article/pii/S0040609002001931
http://www.sciencedirect.com/science/article/pii/S0040609002001931
http://www.sciencedirect.com/science/article/pii/S0040609002001931
http://www.sciencedirect.com/science/article/pii/S0040609002001931
http://www.sciencedirect.com/science/article/pii/S0040609005000957
http://www.sciencedirect.com/science/article/pii/S0040609005000957
http://www.sciencedirect.com/science/article/pii/S0040609005000957
http://www.sciencedirect.com/science/article/pii/S0040609005009636
http://www.sciencedirect.com/science/article/pii/S0040609005009636
http://www.sciencedirect.com/science/article/pii/S0040609005009636
http://www.sciencedirect.com/science/article/pii/S0040609005009636
http://www.sciencedirect.com/science/article/pii/S0254058498002648
http://www.sciencedirect.com/science/article/pii/S0254058498002648
http://www.sciencedirect.com/science/article/pii/S0254058498002648
http://www.sciencedirect.com/science/article/pii/S016943329900330X
http://www.sciencedirect.com/science/article/pii/S016943329900330X
http://www.sciencedirect.com/science/article/pii/S016943329900330X
http://www.sciencedirect.com/science/article/pii/S0040609004014427
http://www.sciencedirect.com/science/article/pii/S0040609004014427
http://www.sciencedirect.com/science/article/pii/S0040609004014427
http://aip.scitation.org/doi/10.1063/1.2803219
http://aip.scitation.org/doi/10.1063/1.2803219
http://aip.scitation.org/doi/10.1063/1.2803219
http://aip.scitation.org/doi/abs/10.1063/1.1992666
http://aip.scitation.org/doi/abs/10.1063/1.1992666
http://aip.scitation.org/doi/abs/10.1063/1.1992666
http://aip.scitation.org/doi/abs/10.1063/1.1609036
http://aip.scitation.org/doi/abs/10.1063/1.1609036
http://www.sciencedirect.com/science/article/pii/S0167577X06008056
http://www.sciencedirect.com/science/article/pii/S0167577X06008056
http://www.sciencedirect.com/science/article/pii/S0167577X06008056
http://www.sciencedirect.com/science/article/pii/S0079642504000325
http://www.sciencedirect.com/science/article/pii/S0079642504000325
http://link.springer.com/article/10.1007/s00339-010-5658-4
http://link.springer.com/article/10.1007/s00339-010-5658-4
http://link.springer.com/article/10.1007/s00339-010-5658-4
http://www.sciencedirect.com/science/article/pii/S0040609009009304
http://www.sciencedirect.com/science/article/pii/S0040609009009304
http://www.sciencedirect.com/science/article/pii/S0040609009009304
http://www.sciencedirect.com/science/article/pii/S0039602811004420
http://www.sciencedirect.com/science/article/pii/S0039602811004420
http://www.sciencedirect.com/science/article/pii/S0039602811004420
http://www.sciencedirect.com/science/article/pii/S0040609012014757
http://www.sciencedirect.com/science/article/pii/S0040609012014757
http://www.sciencedirect.com/science/article/pii/S0040609012014757
http://iopscience.iop.org/article/10.1088/0957-4484/21/40/405603/meta
http://iopscience.iop.org/article/10.1088/0957-4484/21/40/405603/meta
http://iopscience.iop.org/article/10.1088/0957-4484/21/40/405603/meta
https://www.ncbi.nlm.nih.gov/pubmed/17569859
https://www.ncbi.nlm.nih.gov/pubmed/17569859
https://www.ncbi.nlm.nih.gov/pubmed/17569859
https://www.ncbi.nlm.nih.gov/pubmed/17261510/
https://www.ncbi.nlm.nih.gov/pubmed/17261510/
https://www.ncbi.nlm.nih.gov/pubmed/17261510/
https://www.ncbi.nlm.nih.gov/pubmed/17261510/
https://www.ncbi.nlm.nih.gov/pubmed/11033548
https://www.ncbi.nlm.nih.gov/pubmed/11033548
https://www.ncbi.nlm.nih.gov/pubmed/11033548


How to cite this article: Shiva A, Azadeh J. ZnO Nanostructure Deposition on Si Substrates by Chemical Vapor Deposition and its Antibacterial effect on 
Escherichia coli. Glob J Nano. 2017; 1(4): 555570. DOI: 10.19080/GJN.2017.01.555570.0094

Global Journal of Nanomedicine

Your next submission with JuniperPublishers    

      will reach you the below assets

•	 Quality Editorial service

•	 Swift Peer Review

•	 Reprints availability

•	 E-prints Service

•	 Manuscript Podcast for convenient understanding

•	 Global attainment for your research

•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 

•	 Unceasing customer service

                   Track the below URL for one-step submission 

         https://juniperpublishers.com/submit-manuscript.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/GJN.2017.01.555570

http://dx.doi.org/10.19080/GJN.2017.01.555570

https://juniperpublishers.com/submit-manuscript.php
http://dx.doi.org/10.19080/GJN.2017.01.555570


	Title
	Abstract
	Keywords
	Introduction
	References

