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Abstract: In his paper zinc oxide Nonocomposites thin films were deposited on ITO glass substrate. Ten
samples of zinc oxide were prepared by sol-gel method/thin films at different concentrations 0.1 ,0.2 ,0.3 ,0.4
,0.5,0.6 ,0.7 ,0.8 ,0.9 and 1.0 molar of zinc acetate. The nanostructures/ films were characterized by X-ray
diffraction and Fourier Transformer Infrared (FTIR. The UV-VIS spectrum was used to calculate the optical
and electrical conductivity. The results of XRD show the effect of zinc acetate concentration on the d- spacing
for as-synthesized samples Zinc Oxide (ZnO) , which indicate that the d-spacig increases when increasing the
molar concentration with rate of 0.026 °A .mol™. Moreover the crystalline size increases with decreasing the
ZnO concentration by rate 156.28 nm.mlo™. The FTIR rsulted that the mean band around 1340 cm™' is
associated with the O-H bending vibration. The results confirmed that low electrical condictivity match the high
concentration zinc acetate nanostructured ZnO / ITO.
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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]. It has been demonstrated that ZnO nanostructures exhibit 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 peroxidation of the unsaturated phospholipids due to
photocatalytically 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 ].

The deposition of high quality Zno thin films is reported using a wide variety of techniques, such as,
sputtering [18], chemical vapor deposition [19], spray pyrolysis [20], sol-gel method [21], and electrochemical
deposition [22]. The sol- gel chemical deposition technique is very attractive as it can be entrenched easily in
laboratory for the deposition of semiconducting thin ilms [18].

In this study ,we demonstrated a low-cost sol-gel method, by using glass substrates and spin coating
technique to prepare ZnO/ITO filims 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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I1. Samples Preparation:

The precursors used in the synthesis ZnO in different concentration molar seed layers by sol-gel
process are Zinc acetate dehydrate Zn(CH;COOQOH),.2H,0 . The need for surfactant is fulfilled by the use of 2-
methoxyethanol (ME) CH;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 abtain 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 condactivity 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 .

I11. Results and Discussion

The crystal structure of the ten samples were characterized at room temperature by using a Philips
PW1700 X-ray diffract meter (operated at 40 kV and current of 30 mA). The samples were scanned between 0°
and 120° at a scanning speed of 0.06 °C/s using Cu Ka radiation with A = 1.5418A. The X-ray diffraction
patterns of the as-synthesized of ZnO nanocrystals have been shown in Fig (1). The existence of the (111),
(200), (220), (222), (400), (331), and (420) major lattice planes in the XRD patterns confirmed that the as-
obtained ZnO nanoparticles is spinal cubic structure.

Table(1) exhbited some crystallite lattice parameters ,size , d — spacing and miller indices of the
peaks shown in figure 1. According to the XRD results, the ZnO nanoparicles obtained with different
concentration of zinc acetate possess high crystallinity, due to their very sharp diffraction peaks. More over no
other peaks were detected which implies high purity of as-synthesized ZnO nanostructures.
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Figure (1): shows the XRD patttern of the ten ZnO sample in different concentration of zinc acetate.

Table(1): displays some crystallite lattice parameters (size, d — spacing and miller indices ) of ten ZnO

sample.
2-Theta d(A) h k [
33.5027 2.67255 1 1 1
38.8784 2.31450 2 0 0
56.1542 1.63660 2 2 0
78.4007 1.33628 2 2 2
83.4586 1.15725 4 0 0
92.9933 1.06197 3 3 1
96.1770 1.03508 4 2 0
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Table (2) shows some crystallite lattice parameters (c- form , a,b,c, B,a, y, density ,Xs( nm ) and d —
spacing ) of all samples of as- sythesized ZnO nanoparticle by using different concentration of Zinc acetate.
The dislocation density (8) of the samples is calculated and listed in table (2). As can be seen from table (2) , the
dislocation density increase when the concentration of ZnO molars increase. This result may lead to increase
the growth of the crystal. As shown in Figure (2) the density (3) of ZnO nanoparticles at different concentration
increasing as the concentration increase by rate 10%(g.cm™) .mol™ . This result can be explained as follows;
when the ZnO ratio increases, it leads in increasing in the proportion of surface atoms. Figure (3) shows the
relation between d- spacing and the effect of concentration in as-synthesized ZnO nanoparticles. It's noticed that
the d- spacing decreased when increasing the concentration of ZnO by rate (0.026 °A .mol™ ).The increasing
of the d- spacing is lead to the construction of larger clusters. The d- spesing decreases with increasing the ZnO
concentration by rate (0.026 °A .mol™ ). Also the slow decrease of d-spesing in the early stage of calcinations of
ZnO is attributed to prevent rapid growth of crystals.

Table (2), shows XRD parameters of ZnO nanocrystals at various crystalline orientations.
Sample C-form a=b=c a=p=v Density | Xs(nm) | d-spesing | Average L-C

ZnO1.0M | Cubic 8.3981 90 5.4495 20.10 2.1433 25.4
Zn0 0.9 M Cubic 8.3981 90 5.4494 26.93 2.1532 26.03
Zn0 0.8 M Cubic 8.3981 90 5.4493 23.28 2.1548 27.68
Zn00.7 M Cubic 8.3981 90 5.4492 24.25 2.1587 29.11
Zn00.6 M | Cubic 8.3981 90 5.4491 68.47 2.1608 29.21
Zn0O0.5M [ Cubic 8.3981 90 5.4490 92.15 2.1623 30.66
Zn00.4M [ Cubic 8.3981 90 5.4489 108.55 2.1654 36.75
Zn00.3 M Cubic 8.3981 90 5.4488 11483 | 2.1672 38.41
Zn00.2M [ Cubic 8.3981 90 5.4487 129.53 2.1687 39.34
Zn00.1M Cubic 8.3981 90 5.4486 145.23 2.1697 39.35
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Figure(2) : The relation between the density and the concentration of the ten samples of ZnO thin filims.
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Figure (3): Indicate The relation between d- Specing and the effect of concentration in as-syntheized ZnO thin
filims nanoparticles.

The chamical constitutions of ZnO nanostructures were examined through Mattson Fourier Transform
Infrared Spectrophotometer (FTIR ) in the range of 400 to 4000 cm™! at room temperature Fig(4) . The
infrared spectra of all ZnO nanosample were recorded for all samples, the bands around 455 and 850 cm ™ are
assigned to the metal-oxygen vibration in the tetrahedral sides. The difference in the spectral positions is due to
the different values of metal ion-0~2 distances for octahedral and tetrahedr sites. The band around 1205 is due
to C-C stretching vibration and C-C-H bending vibration. The band around 1340 cm™! is associated with the O-
H bending vibration .The band around 2450 cm™ is due to C=C stretching. The bands around 3640cm™'and
3910 cm™! respecively are due to the stretching mode of H-O-H bending vibration of free or absorbed water
which implies that the hydroxyl groups are retained in ZnO of different concentration of zinc acetate.
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Figure (4): demonstrate FTIR spectrum of the ten samples of as- obtained ZnO nanostructures.

The optical conductivity is a measure of frequency response of material when irradiated with light which is
determined using the following relation [23 ]:
anc

sopt = - 1)
4
Where( c) is the light velocity, &,y is optical condictivity, n is refrective index and a is the obsorption

cofficient. The electrical conductivity can be estimated using the following relation [ 41 ]:
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_ 2A8opt
8ele — T a (2)

Where A is the wavelengt. The high magnitude of optical conductivity is about 1.34x10" sec™ noticed
in Figure (5) which confirms the presence of very high photo-response for samples 1.0, 0.9 and 0.8 molar
respectively of as-prepared ZnO nanostructures. The increase of optical conductivity at high photonenergies is
due to the high absorbance of as-prepared samples ZnO at different molars and also may attributed to electron
excitation by photon energy. Moreover, Figure 6 indicates that the interception carves on y-axix show low
electrical condictivity for high concentration in comporison with other and this may atrributed to higher band
gab at higher molar concentraton of ZnO/film [ 23].
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Figure (5): shows the relation between the optical conductivity and wavelengths of ten samples of as-synthezied
Zn0O nanostructures.

39.6
— Zn01.0M
—— Zn009M
-~ 352 — Zn008M
- —— Zn00.7M
£ 308 —— Zn0 06 M
a —— Zn005M
—— Zn00.4M
T, 264 —— Zn00.3M
w” — Zn002M
> 220 —— Zn001M
S
©
S 176
©
s
8 132
=
S 88
=
o
] 4.4

0.0

134 201 268 335 402 469 536 603 670

Wavelength ( nm)
Figure (6): Illustrates the relation between the electrical conductivity and wavelengths of the ten samples of as-
synthezied ZnO nanostructures.

IV. Conclusions
In this paper ,we have reported the effect of different concentrations of zinc-acetate on the structural
and the electrical conductivity of ZnO/films nanostructures. The XRD patterns exhibited that all samples of ZnO
nanostructures synthesized at different concentration of zinc acetate confirmed the formation of spinal Cubic
crystal using sol-gel method. The band around 1340 cm™! is associated with the O-H bending vibration . The
result also show that, the increasing in the concentration of zinc acetate lead to increase in the density (8) of
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ZnO nanoparticles by rate 10°(g.cm™) and decreasing the d-spacing by rate (0.026 °A .mol™ ). Moreover, the
results confirmed that low electrical condictivity match the high concentration zinc acetate.
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