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Abstract: Thin films of Zinc Oxide nonostructures have been prepared by simple method and using spin
coating technique deposited on ITO glass substrate. The study used different molars of zinc acetate 0.1 ,0.2 ,0.3
,0.4,0.5,0.6 ,0.7 ,0.8 ,0.9 and1.0. The optical properties; including absorption coefficient, refractive index and
energy bandgap were investigated by means of absorption, transmittance and reflectance spectra. Although, the
refractive index has uncharacteristic behavior in the wavelength at the range 306 - 344 nm, the result showed
the average value of refractive index for all samples is equal to 2.159. Also, the result confirmed that the
nanostructure with concentration of 1.0 molar has lowest energy bandgap 3.44 eV and this may leed to highest
coductivity comparing with other concentrations. This entire advantage make ZnO nanostrucures syntheised
with 1.0 moalr of zinc acetate have wide range for solar cell applications.
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I.  Introduction

Among metal oxide semiconductors, ZnQO is increasingly recognized as a suitable alternative due to its
richest range of morphologies among the wide band gap semiconductors (3.37 eV) and relatively lower cost of
production [1,2]. ZnO was also reported to exhibit higher quantum efficiency and photocatalytic activity than
TiO? in certain cases [3].

The correlation between the properties of solids and their size and shape on atomic scale has been
exploited for decades and it is well-established that hanostructure systems encompass a varied range of materials
and/or devices that show various phenomena which is controlled by the manipulation of their microstructure on
atomic scale. Therefore, it has been demonstrated that ZnO nanostructures exhibited antimicrobial activity
against on a broad spectrum of bacteria including staphylococcus auerus [4] and Escherichia coli [5,6,7]. ZnO
nanoparticles seem to have relative toxicity to bacteria but exhibit minimal effect on human cells [4]. The
disruption of the cell membrane is attributed to per-oxidation of the unsaturated phospholipids due to photo-
catalytically induced hydrogen peroxide [8]. Cell membrane and wall damage upon the contact with ZnO
nanoparticles occur to inhibit bacterial growth [4,5]. In addition, binding Zn** ion to the membranes of
microorganisms results in prolong the lag phase of the microbial growth cycle [9]. A recent toxicology study by
Poynton et al. [10,11] suggested that both ZnO nanoparticles and Zn®* are toxic, but have different modes of
action.

ZnO nanostructures has many potential applications, such as light emitting lasers and diodes,
piezoelectric devices and photo catalysts [12, 13], gas and chemical sensors [14], solar cell [15], ultraviolet
detector [ 16] and biomolecular sensors [17 ]. ZnO nanoparticles are also generally recognized as safe and
biocompatible and have been used as drug carriers and medical filling materials [18]. Many methods have been
developed to synthesize ZnO nanoparticles with different sizes and morphologies. The deposition of high quality
ZnO thin films is reported using a wide variety of techniques, such as, sputtering [19], chemical vapor
deposition [20], spray pyrolysis [21], sol-gel method [22], and electrochemical deposition [23]. The sol- gel
chemical /deposition technique is very attractive as it can be entrenched easily in laboratory for the deposition of
semiconducting thin films [20].

In this study, a sol-gel method has been used to prepare a solution of ZnO. Then ZnO/solution
deposited on glass substrates by using spin coating technique to prepare ZnO/ITO films nanoparticles with the
use of different concentrations /molar of zinc acetate. Moreover, the effects of the different concentrations on
the structural and the electrical conductivity were investigated. The most important advantages of this approach ,
in comparison the different of the molar concentration on the electrical properties of ZnO nanostructure. The
samples were characterized by XRD, FTIR and UV-visible spectroscopy.
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Samples Preparation:

The precursors that utilized to synthesize ZnO nanostructures by using different concentration molars
seed layers and by sol-gel process are Zinc acetate dehydrate Zn(CH;COOH),.2H,0 . The need for surfactant is
fulfilled by the use of 2-methoxyethanol (ME) CH3;OCH,CH,OH. The stock solution for the samples was
prepared by using Zinc acetate in different molar ( 0.1.0 ,0.2,0.3, 0.4 ,0.5,0.6 , 0.7 ,0.8 ,0.9 and 1.0 molar ).
Each molar of zinc acetate was dissolved in 100 ml of ethanol in the glass beaker. Then these solution were
stirred for 60 min at 80°C to get milky solution. Then some drops of 2-methoxyethanol (ME) was added
carefully to the milky solution as stabilizer to obtain a transparent solution. Finally the Zinc oxide solution has
been got. The ten mounts of the samples have been leaved in the laboratory at room temperature for about 24
hours. Then the samples were washed by distilled water to obtain the Sol. The sol-gel for each sample was used
to prepare the film by spinner (spin coating). The films were prepared in ITO glass slide. The ITO glass were
cleaned with ethanol before, washing with deionizer water and acetone. The coating of the films on ITO glass
was performed at room temperature, with suitable speed rate for 60 s. The optical conductivity and electrical
conductivity of ZnO thin films sample were measured as a function of wavelength by UV-visible spectroscopy.
The Fourier Transform Infrared Spectrophotometer (FTIR) in the range of 400 to 4000 cm™! used to recorde
some location of the band positions( spinel structure) as wavenumber function. The crystal structure of the
samples were characterized at room temperature by using a Philips PW1700 X-ray diffract meter .

Il. Results and Discussion:

Figure (1) shows the relation between the absorbance and the wavelengths of the ten samples of ZnO
/TI10O nanostructures using different concentrations of zinc acetate as follow: 1.0 ,0.9, 0.8 ,0.7 ,0.6 ,0.5,0.4 ,0.3
,0.2 and 0.1 in molar respectively. As can be seen that the absorbance spectra for all samples of as-synthesised
ZnO thin films nanostructures have one broad absobance band at 266 nm and this may atrributed to the
reduction in crystallite size of the spinal cubic structure. Moreover , Figure (1) indicates that the absorbance of
ZnO thin films nanostrucures are gradually increase with increasing of zinc acetate concentrations. This is
because the addition of zinc acetate in each sample will help the as-synthesied ZnO thin films nanostructures to
absorb the incident radiation by its free electrons.

The transimittance spectra of the ten samples of the ZnO thin film nanostructures in the range of 120 -
720 nm were investigated via UV-visible spectroscopy (Fig.2). The results exhibted that all samples that were
prepared using different concentrations of zinc acetae reached a saturation before 276 nm and the average
transmittance value of the samples equal 1.495 a.u . Figure (2) also showed that the transmittance spectra value
will decrease with increasing of zinc acetae concentration.
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Figure (1): shows the relation between absorbance and wavelengths of the ten samples of as-synthesised ZnO
thin film nanostructures.
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Figure(2): indicates the relation between transimission and wavelengths of the ten samples of as-synthesised
ZnO thin film nanostructures.

Figure (3) shows the reflectance spectra of the ten samples of as-synthesised ZnO nanostructures at different
concentrations of zinc acetate. The spectrum extended from 134 to 410 nm. The Figure represented that the
reflectance at particular wavelength 345 nm can be shifted to blue spectrum when decreasing the concentration
of zinc acetate and that means at high concentrations of zinc acetate the ZnO nanoparticles are almost uniformly
distributed in the sample.
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Figure (3): shows the reflectance spectrum of the ten samples that made of as-synthesised ZnO nanostructues.

The absorption coefficient (o) of the samples of as-synthesised ZnO films nanostructures can be obtained by

using the Beer-lambert’s relation:
__ 2.303x4 )

t

where (A) is the absorbance and (t) is the thickness of the film. Figure (4) shows a relating ploting
graph between (o) and the wavelength (A) of ten samples of ZnO nanostructures. The results indicate a
maximum value of o = 4.63x10° cm™ materialized in the U.V region 270 nm at concentration of 1.0 moalr of
zinc acetate where the absorption coefficient dcreases to a = 1.11x10° cm™ for low concentration of 0.1 molar
of zinc acetate. High value of absorption coefficient means that the transition must corresponding to a direct
electronic transition, and the properties of this state are important since they are responsible for electrical
conduction.
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Figure(4): represented the relation between absorption coefficient and wavelengths of as-synthesised ZnO
nanostructures.

The refractive index (n) plays a very important role in optical communication and for designing the optical
devices. The refractive index (n) can be calculated by usig the following relation:

1
[ ra+ry? 212, a+r)
- [((1—R>) —A+k )] tn )
al

where (R) is the reflectivity and k is the extinction coefficient where. k = el Figure (5) shows the refractive

index (n) of as-synthesised ZnO nanostructures film as a function of wavelength. Figure (5) confirmed that at
range of 422 - 469 nm all curves of the refractive index of the samples represented a macximum peak at n =
2.159, and this result nearly agree with standard refractive index n= 2.004 of ZnO [24]. Also the result
demonstrated that the value of (n) begins to decrease between the wavelengths 306 - 344 nm at the region of
spectrum. This behavior may due to the nature of the sharp absorption of Zinc Oxide nonostructurs that leads to
an electronic transmission at the absorption edge of 4.66 eV.
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Figure (5): represent the refractive index of the ten samples of as-synthesised ZnO nanostructures as function
of wavelength.
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The optical energy gap Eq has been calculated by using the following relation:

(ehv)* = C(hv - Ey) (3)
where a is the absorption coefficient , C is constant and E, is the bandgap energy. The direct bandgap energies
were determined for the different concentrations of zinc acetate of as-synthesised ZnO thin films nanostructures
by plotting (ahv)® versus photon energy (hv) curves as shown in Figure (6). The bandgap of ZnO films was
stimated from the interception between the tangent to the linear portion of the curve and hv axix (figure 6). The
results indicated that the ZnO film nanostructures that synthzised by using 0.1 molar of zinc acetate has highest
bandgap (3.889) eV), whereas those synthezised by using 1.0 molar exhibted lowest bandgap (3.443 eV), which
believed to possess a better coductivty [ 25 ]. Also, the as-synthezised ZnO nanostructures possessed a
significantly higher bandgap enegy, or showed a redshift from 0.16 (for 1.0 molar) to 0.28 ev (for 0.1 molar)
comparing to the bandgap of bulck ZnO 3.6 eV. This shift can be attributed to quntum confinement effect of

the formatin of ZnO nanostructures.
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Figure (6): Plot of (ahv)® versus the photon energy (hv) for ZnO nanostructure synthezised by using different
concentrations of zinc acetate.

111. Conclusion:

In this dtudy ZnO film nanostructures were synthesised by using a sol-gel method. Although the result
demonstrateed a broad absobance band at 266 nm, the absorbance of ZnO thin films nanostrucures were
gradually increased with increasing of zinc acetate concentrations.The value of absorption coefficient (o) equal
to 4.63x10° m™ for all samples in the U.V region at wavelength 270 nm. The result revealed that the optical
bandgap of as-synthezised ZnO nanostructure were affected by the difference of the concentrations of zinc
acetate. The nanostructure with concentration of 1.0 molar have the highest absorbtion and lowest energy gap
3.44 eV and this leed to highest coductivity. This entire advantage make ZnO nanostrucures that syntheised with
1.0 moalr of zinc acetate have wide range for solar cell applications.
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