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ABSTRACT

 Zinc oxide (ZnO) thin films were prepared by modified Successive Ionic Layer Adsorption and 
Reaction (SILAR) method. The optical, structural and antibacterial properties of the prepared ZnO 
films were analyzed as a function of its annealing temperature lying in the range of 250ºC to 450ºC. 
Optical properties were studied using UV-Visible spectroscopy and Photoluminescence spectroscopy 
(PLS). Optical absorption spectra exhibited blue shift when compared to the bulk value and also the 
presence of interstitial Zn+ ion defect and oxygen ion vacancy were confirmed in the prepared ZnO 
thin films by PL studies. X-Ray Diffraction (XRD) pattern revealed the formation of hexagonal phase 
ZnO and the intensity of the film were found to increase with increase in annealing temperature. 
Field Emission Scanning Electron Microscope (FESEM) images show the presence of flower like 
structure and pinhole free film throughout the substrate. Antibacterial activity against Escherichia 
coli (E.coli) was highly dependent on the presence of interstitial Zn+ ions and for Staphylococcus 
aureus (S.aureus) it was dependent on oxygen vacancy in the films. 
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INTROdUCTION

 Materials used in hospitals have high risk 
of bacterial and fungal infections. It is a challenging 
task to control the bacterial and fungal contamination 
in hospitals especially in surgical areas and 
intensive care units1. Various materials are used 
to control the harmful bacterial contamination, but 
in some cases it is hard to use those materials 

because of their harmful effects on human body. 
So it is important to identify a material that has 
better antibacterial and antifungal activity, also it 
should not have negative effect on the human1-3.

Comparing to other metals and metal oxide, ZnO is 
one of the promising materials which has no harmful 
effects on the human body. It is also widely used in 
various materials that are in contact with our human 
body/cells without affecting human body. Many 
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researchers have studied the antibacterial activities 
4-7 and antifungal activities 8,9 of ZnO thin films and 
nanoparticles. Different physical and chemical 
methods have been employed by researchers to 
deposit ZnO thin films 4-7, 10. The zone of inhibition 
observed against pathogenic bacteria and fungal 
strains suggests that the Co-doped (Ag, Co) ZnO 
nanoparticles exhibit excellent antibacterial activity 
than the Ag doped, Co doped and undoped ZnO 
nanoparticles11. Antibacterial activities against E.coli, 
S.aureus, Bacillus subtilis, and antifungal activities 
against Aspergillus niger and Candida albicans have 
been studied and they have observed better results 
for ZnO nanoparticles 12. ZnO nanoparticles are 
used as wood protecting agent against antifungal 
activities 13 and also it is used in cotton fabrics 
to protect it from bacterial contamination 14. ZnO 
nanoparticles are also incorporated in transparent 
glasses and its antibacterial and antifungal properties 
were evaluated.  These glasses have shown to be 
functional biocides against E.coli, yeast and S.aureus 
15. These glasses can be used in several applications 
in textiles, protective hospital apparels, surgical 
instruments, medical implants, water purification 
systems, food packs, and storage containers. After 
a wide literature survey, it is understood that ZnO is 
the prominent material for controlling antibacterial 
and antifungal activities.  

 In the present study, ZnO thin films were 
deposited on glass substrates by modified SILAR 
method and then were annealed at 250°C, 350°C 
and 450°C. The Optical, Structural properties and 
antibacterial activities of the prepared ZnO films have 
been studied.

EXPERIMENTAL

Cleaning of glass substrate
 The glass substrate was cleaned with 
detergent, deionized water and acetone. It is further 
cleaned with diluted nitric acid and deionized water. 
Finally it was cleaned with acetone in ultrasonic bath 

and dried in hot air oven for 10 minutes.

deposition of ZnO thin films
 ZnO thin f i lms were deposited on 
glass substrate by the modified SILAR method. 
The cationic precursor solution is obtained by 
dissolving  equal molar of zinc acetate dihydrate 

with monoethanolamine (MEA) in 100ml of ethanol 
using magnetic stirrer at a room temperature 16 .The 
anionic precursor solution is obtained by heating 
deionized water at a temperature near the boiling 
point17. Glass substrate was alternatively dipped into 
cationic precursor solution and anionic precursor 
solution for timings and cycles. The coated glass 
substrate was dried and annealed at three different 
temperatures of 250°C, 350°C and 45°C for 1 hour.

Assessment of antibacterial activity
 ZnO coated thin films were quantitatively 
assessed for their antibacterial activity against 
bacteria by percentage reduction method (AATCC 
100 -2004). AATCC Bacteriostasis broth and 
agar medium was used as a growth medium 
for enumeration. The cultures used in study 
were collected from Department of Microbiology 
Laboratory, kovai Medical Centre and Hospital 
(kMCH), Coimbatore. The ZnO thin films were taken 
and were cut into circular swatches of 4.8± 0.1 cm 
diameters, as per the recommended standard. Three 
sets of sterile AATCC Bacteriostasis broth were 
prepared each of 100 ml quantity. The prepared 
ZnO thin films were placed in sterile petridish and 
0.1 ml of the test inoculum was loaded using micro 
pipette. The treated and untreated films were then 
transferred to the respectively labeled sterile AATCC 
Bacteriostasis broth. The flasks were then incubated 
in shaker at room temperature for 24 hours. After 
incubation, serial dilutions were made up to 10-7 for all 
the samples. Exactly 0.1ml sample from each dilution 
was transferred to the sterile AATCC Bacteriostasis 
agar plates and spread plated. The inoculated plates 
were incubated at 370C for 24 hours. The inoculated 
plates were examined for the presence of bacterial 
colonies. The percentage reduction (R) of bacteria 
by the treatment can be calculated by equation

 R =100 (B - A) /B ...(1)  

A = the number of bacteria recovered from the 
inoculated treated ZnO thin films.
B = the number of bacteria recovered from the 
inoculated untreated films.

RESULT ANd dISCUSSION

Uv – visible Spectra Analysis
 Fig. 1 shows the UV-Vis absorption spectra 
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Fig.1: U v Absorption spectra of ZnO thin films 
annealed at 250°C, 350°C & 450°C

of ZnO thin films annealed at different temperatures 
of 250°C, 350°C and 450°C with a broad absorption 
in the ultraviolet region from 309-367nm, 309-372 
nm and 304-377 nm respectively. Similar reports 
were observed by kanade et al., in Cu doped ZnO 
nanoparticles18 .Absorption peaks are found to be 
shifted to lower wavelength when compared to its 
bulk value; this is due to the quantum size effect 
which may be because of  small particle size 19,20. 
Increase in peak broadening from 367 nm (250°C 
film) to 377 nm (450°C film) indicates that increasing 
in annealing temperature increases the crystalline 
nature of thin film (which is also supported by the 

X-Ray Diffraction analysis), that leads to increase 
in considerable number of large size particle in 
prepared thin films21. A red shift in absorption band 
was observed by Wang et al with increasing Co 
doping in ZnO thin films, while similar results is 
observed with increase in annealing temperature22.

Photoluminescence spectra Analysis
 Fig. 2 shows the PL spectra of ZnO thin 
films annealed at different temperatures of 250°C, 
350°C and 450°C excited using 325 nm. Two 
emission peaks at Near Band Emission (NBE) and 
Deep Level Emission (DLE) were absorbed for 
all three annealed ZnO thin films. Similar kinds of 
absorption have been reported by Palani et al for 
Sb doped ZnO nanowire and nanosheet23. Various 
researchers have also reported two emission bands 
at NBE and DLE for ZnO and metal doped ZnO and 
the results are in good agreement with the reported 
results 24-27. Both the emissions were slightly blue 
shifted with increasing the annealing temperature 
from 250°C to 450°C. Emission band for 250°C 
annealed sample has low intensity emission at DLE 
and while increasing annealing temperature from 
250°C to 350°C intensity of NBE as well as DLE 
emission intensity increases. Further increasing the 
annealing temperature to 450°C leads to decrease 
in NBE and promotes the DLE emission. Most of the 
researchers have reported that peaks at NBE are 
due to the existence of interstitial Zn+ ions and DLE 
is due to oxygen ion vacancy 23, 27-31. From the results, 
it is clear that increasing in annealing temperature 
decreases the existence of interstitial Zn+ ions and 
increases oxygen ion vacancy and this reduces 

Fig. 2: PL spectra of ZnO thin films
annealed at 250°C, 350°C & 450°C

Fig. 3: XRd patterns of ZnO thin films
annealed at 250°C, 350°C & 450°C
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Table1: Antimicrobial activity
against E. coli and S. aureus

Test   Antibacterial Activity
organisms  (Reduction in Percentage %)
  ZnO Thin films
 250°C 350°C 450°C

E.coli 86.27 93.54 85.47
S.aureus 91.47 83.86 84.47

Fig .4: FESEM images of ZnO thin films annealed at 250°C, 350°C & 450°C

Fig.5: Antibacterial activity of ZnO thin film 
annealed at 250°C, 350°C & 450°C

the intensity of NBE and promotes the intensity of 
DLE.

XRd Analysis
            Fig. 3 shows the XRD pattern of ZnO thin films 
annealed at different temperatures. Peaks observed 
at 31.9, 34.64, 36.40, 47.79, 56.89 and 63.16 well 
match with JCPDS data (card no. 36-1451) and 
their corresponding (hkl) values are (100), (002), 
(101), (102), (110) and (103) respectively. From the 

diffraction pattern, it is observed that the prepared 
ZnO films exhibit hexagonal phase. The lattice 
parameters ‘a’ and ‘c’ have been calculated and are 
3.23 and 5.18. Crystalline nature of ZnO thin film 
was found to increase with increasing annealing 
temperature which is confirmed by the increasing 
peak intensity and this is in agreement with earlier 
reports32, 33. Comparing these results, it is found that 
increasing in annealing temperature increases the 
intensity of the peak at two theta value 34.64, and 



359SAkTHIVEL et al., Orient. J. Chem.,  Vol. 33(1), 355-362 (2017)

this shows that increase in annealing temperature 
enhances the (002) orientation in ZnO thin films, 
similar results has been reported by Shan et al., 
while increasing the annealing temperature (100°C 
– 400°C) of ZnO thin films present on Si (100) 
substrate 34. The crystallite size of prepared ZnO thin 
films were calculated using Scherrer formula35

 D=0.9λ/ß Cosq	 ...(2)

 Where D- crystallite size, λ - wavelength 
of X- ray source (0.15406 nm), ß-full width at half 
maximum of the diffraction peak, q - Bragg angle.  
It was about 19.39 nm, 19.41 nm and 19.08 nm 
for highest intensity peak value of ZnO thin films 
annealed at 250oC, 350oC and 450oC respectively.

Field Emission Scanning Electron Microscope 
(FESEM) Analysis
 Fig. 4 shows the FESEM image of ZnO 
thin films annealed at different temperatures. 
Flower like structure was observed for all the three 
annealed  ZnO thin films and it is found that particles 
were closely packed with increasing the annealing 
temperature from 250°C to 450°C. FESEM image 
clearly shows that deposited ZnO films annealed 
at 250°C, 350°C and 450°C were homogeneous 
and pinhole free. Larger particle size was observed 
from FESEM when compared to XRD, the result is 
in good agreement with earlier report by Elilarassi  
et al. They also reported that this larger particle 
size in SEM image is due to the inter-particle 
attraction 33.

Antibacterial studies
 Antibacterial activity was obtained from 
percentage reduction method for the prepared ZnO 
thin films and they are shown in fig. 5. Antimicrobial 
activity of about 86.27%, 93.54% and 85.47 % for 
gram negative E. coli bacteria and 91.47%, 83.6 % 
and 84.47 % for gram positive S.aureus bacteria 
for the film annealed at 250°C, 350°C and 450°C 
is observed.  Antimicrobial activity of ZnO thin film 
annealed at 350°C was found to be high against E. coli 
and 250°C annealed film exhibited high antibacterial 
activity against S. aureus shown in table1. From 
the previous reports most of the researchers have 
proposed reasons for the antibacterial activities of 
ZnO as Zn+ ions release, reactive oxygen species 

and membrane dysfunction via accumulation of ZnO 
35-37. Snega et al., reported that higher antibacterial 
activity for gram positive bacteria than gram negative 
bacteria is due to negatively charged radicals that 
easily attach to gram positive bacteria cell wall and 
thus kills the bacteria 35. The maximum antibacterial 
activity of ZnO was against S. aureus. This is because 
of the firm attachment of ZnO particles to the outer 
cell wall membrane of the bacteria. After that, ZnO 
particles begin to release oxygen species into the 
medium (bacteria), which will inhibit the growth of 
cell leading to the distortion and leakage of the cell 
and finally the death of the cell (Ekthammathat et al.,  
2014)38. According to the results the higher 
antibacterial activity of the 350°C and 250°C annealed 
ZnO films against E.coli and S. aureus is due to Zn+ 
ions release and reactive oxygen species for gram 
negative and gram positive organisms respectively. 
This is observed from the high intensity of NBE and 
DLE peaks which was due to increase in interstitial 
Zn+ ions and oxygen ion vacancy respectively. It 
seems that antibacterial activity against E .coli 
increases with increasing NBE intensity from 86.27% 
to 93.54% for 250°C and 350°C annealed ZnO thin 
films and also it decrease to 85.47% for 450ºC 
annealed ZnO thin film with decreasing its NBE 
intensity, which confirms that increasing interstitial 
Zn+ ions increase the antibacterial activities against 
E. coli. Similarly the antibacterial activity of S. aureus 
was found to decrease with increase in DLE intensity, 
which confirms that increasing oxygen ion vacancy 
decreases the antibacterial activities against S. 
aureus.

CONCLUSION

 ZnO thin films have been prepared by 
modified SILAR technique and annealed for three 
different temperatures. Optical absorption was found 
from 304nm to 377nm for all annealed ZnO thin 
films. NBE in PL spectra confirms the presence of 
interstitial Zn+ ions and DLE confirms the oxygen ion 
vacancy. XRD studies reveal that (002) orientation 
peak intensity was found to increase with increasing 
in annealing temperature. Antibacterial activity of 
prepared ZnO thin films on E. coli increases from  
250°C to 350°C and decreases  from 350°C to 450°C 
This is due to decrease in the interstitial Zn+ ions 
with increasing annealing temperature. Antibacterial 
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activity against S. aureus was found to decrease with 
increase in annealing temperature, which is due to 

the increases of oxygen vacancy with increasing 
annealing temperature in ZnO thin films.
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