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ABSTRACT

In modern science Nanotechnology is the field for the researchers. Nanoparticles have a size of 1-100 nm with a

surrounding interfacial layer. Many researchers characterize significantly concerning medical chemistry,

atomic physics, and all other known fields. Zinc oxide nanoparticles were synthesized with precipitation

method after annealing the precursor at different temperatures. The effects of annealing temperatures for the

precursors on the particle size of ZnO NPs were investigated. The structure and composition of the precursor

and prepared ZnO NPs will study using X-ray diffraction (XRD), Scanning Electron Microscopic Analysis

(SEM), and the optical properties of the ZnO NPs will characterize using UV-visible spectroscopy.

Keywords : ZnO nanoparticles, XRD, SEM and UV -visible Spectroscopy.

I. INTRODUCTION

Zinc oxide is an inorganic compound also known as
zincite and occurs rarely in nature, generally in a
crystalline form. ZnO is actually a wide-band gap
semiconductor of the II-VI semiconductor group. The
doping of the semiconductor is n-type which is due to
oxygen vacancies. This has
like high electron mobility,

transparency, wide band gap for semi-conductivity,

several favorable

properties good

high room-temperature luminescence, etc.

These properties are wused in applications for
electrodes in liquid crystal displays as well as in
energy-saving and  heat-protecting  windows,
electronic applications of ZnO as thin-film transistors
and light-emitting diodes and also in ceramics plastic
Zinc oxide (ZnO) has a stable wurtzite structure with
lattice spacing a = 0.325 nanometers and c = 0.521
nanometers. Because of its unique properties and

versatile applications, it is used in transparent
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piezoelectric devices and chemical sensors. These

electronics, ultraviolet light  emitters,
remarkable physical properties form the basis for
motivation of device miniaturization, large effort has
been focused on the synthesis, characterization and

device applications of ZnO nanomaterial.)

II. EXPERIMENTAL PROCEDURE

The exact physical and chemical properties ZnO NPs
depend on the different ways synthesized. ZnO NPs
can produce electrochemical depositions, sol-gel
method, chemical thermal

vapour depositions,

decomposition, two-step chemical method and
precipitation processes using solution concentration
and washing medium. So ZnO NPs can be prepared
by a precipitation method. Briefly, two solutions were
prepared: Solution A (4.5g of (CH3COO)2.2H20) were
dissolved in 200ml ethanol (C:He): solution B ( 0.75 g
of lithium hydroxide (LiOH) and 0.85 g of citric acid

(CéHsO7) were then dissolved in 200ml. Each of the
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mixture was dissolved at constant temperature (65° C)

and was magnetically stirred continuously for 2 hours.

The mixture of LiOH and Ce¢HsO7 were then added
drop wise to the first solution and for about 2 hours
until was obtained. The precipitate was filtered and
washed by distillate water. And then, the precipitate
was dried and calcined 80° C and 150° C. Finally,
ZnO powder was cooled and rinsed with distillate
The white of ZnO

Nanoparticles was obtained.

water, re-dried. colour

III. RESULTS AND DISCUSSION

The exact physical and chemical properties ZnO NPs
depend on the different ways synthesized. ZnO NPs
can produce electrochemical depositions, sol-gel
method, chemical thermal

vapour depositions,

decomposition, two-step chemical method and
precipitation processes using solution concentration
and washing medium. So ZnO NPs can be prepared
by a precipitation method. Briefly, two solutions were
prepared: Solution A (4.5g of (CH3COO)2.2H20) were
dissolved in 200ml ethanol (C:He): solution B ( 0.75 g
of lithium hydroxide (LiOH) and 0.85 g of citric acid
(CeHsO7) were then dissolved in 200ml. Each of the

mixture was dissolved at constant temperature (65° C)

and was magnetically stirred continuously for 2 hours.

The mixture of LiOH and CeHsO7 were then added
drop wise to the first solution and for about 2 hours
until was obtained. The precipitate was filtered and
washed by distillate water. And then, the precipitate
was dried and calcined 80° C and 150° C. Finally,
ZnO powder was cooled and rinsed with distillate
The white of ZnO

Nanoparticles was obtained.

water, re-dried. colour

A. Characterization of Zinc Oxide Nanoparticles
useful

characterization tool to study, non-destructively, the

X-ray  diffraction  techniques  are

crystallographic structure, chemical composition,
physical properties of materials and nanoparticles. It
can be used to measure various structural properties

of these crystalline phases such as strain, grain size,

The
crystalinity and phases of the precursor and ZnO NPs

phase composition, and defect structure.
were characterized by an X- ray Diffract meter. The
crystallite size (D) of selected samples was estimated
using the Scherer’s equation:

09

- Bcosb
Where, A=wavelength of X-Rays radiation,

f=FWHM (Full width at Half Maximum)

width of the diffraction peak,

0 = diffraction angle.

The morphological feature of the ZnO NPs was

observed by a scanning electron microscopy.

The optical properties of prepared ZnO NPs were

analyzed via UV_ visible Spectrophotometer.

B. X-ray Diffraction Measurement
The XRD results revealed that the ZnO NPs are
highly crystalline, having the hexagonal wurtzite
crystal structure. “Fig. 1 and 2” are illustrated a
typical XRD spectrum of ZnO nanoparticles prepared
by the precipitation method at calcined 80° C and
150¢ C. This graph showed ZnO nanoparticle and
identical to be hexagonal phase with Wurzite
structure with space group (186:P63mc). Analysis of
XRD peak profiles indicated that full-width at half-
maximum (FWHM) is sensitive to the variation in
microstructure and stress-strain accumulation in the
material. Many researchers have successfully
the of FWHM in

manufacturing processes. The sharp and intense peaks

attempted use different
in “Fig. 1”7 indicate that the samples are crystalline.
The FWHM data’s are 0.356, 0.338, 0.350, 0.362,
0.401, 0.424, 0.44, 0.488 and 0.482, (deg) at 80° C. The
sizes are 243, 257, 249, 250,235, 229, 228, 205 and 209
(ang).Then the FWHM of XRD pattern “Fig. 2” have
0.356, 0.338, 0.350, 362, 401, 424, 44, 488 and
0.482(deg).The particle size are 243, 257, 249, 250,
235, 229, 228, 205 and 209 (ang) at 150° C. which can
be assigned to diffraction from (100), (002), (101),
(102), (110), (103), (112) and (201) planes respectively.
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Figure 1: XRD pattern of ZnO Nanoparticles calcined
80°C.

TABLE I. THE LATTICE PARAMETER AND
CRYSTALIZATION OF SAMPLE 80°C

Sample a(ang.) | b(ang.) | c(ang.) | c/a
ratio
ZnO(NPs | 3.2618 3.2618 | 5.1041 | 1.564
) 8
80°C
PM_200_4_1,_150¢
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Figure 2: XRD pattern of ZnO Nanoparticles calcined
150°C.

TABLE III. THE LATTICE PARAMETER AND
CRYSTALIZATION OF SAMPLE 150=C

Sample a(ang.) | b(ang.) | c(ang.) | c/a

ratio
ZnO(NPs | 3.2618 3.2618 | 5.1041 | 1.564
) 8
80°C

C. Scanning Electron Microscopic analysis

We have examined the surface morphology of ZnO
nanoparticles by scanning electron microscope (SEM).
The images show that there is formation of distinct
ZnO

microstructure aggregates, the nanoparticles are of

three  dimensional nanoparticles  with
varying size “Fig. 3”. In this “Fig. 3”, SEM image of
the ZnO nanoparticle prepared via precipitation route
in calcined at150°C .In figure; the arrow shows the
rod shaped structure of ZnO nanoparticles. This result
shows that one grain in precipitation derived
nanoparticles approximately equal to crystallites. This
nano rod structure is expected to form due to the
adsorbed citric acid on the ZnO nuclei. When the
temperature is high enough, the nuclei will grow. In
addition,

critic will decompose at the given

temperature and lose its function as a capping agent.

Figure 3: SEM image of ZnO Nanoparticles calcined at
150°C

So, it is clear that the nanoparticles seen by SEM
image consist of a number of crystallites with sphere

shaped structure.
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A. Absorbance Spectrum of UV-vis Spectroscopy
Analyses at ZnO(NPs) 80°C and 150°C
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Figure 4: Absorption Spectrum of ZnO Nanoparticles

calcined at 80°C.
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Figure 5: Transmittance Spectrum of ZnO

Nanoparticles calcined at 80° C.
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Figure 6: Absorption Spectrum of ZnO Nanoparticles

calcined at150°C.
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Figure 7: Transmittance Spectrum of ZnO

Nanoparticles calcined at 150°C.

The results of the UV-vis studies showed that the
optical properties of the ZnO NPs depended on the
annealing temperature are shown in “Fig. 4 to 77. A
broad absorption peak was observed in each spectrum
at 340 - 379 nm which is characteristic band for the
pure ZnO. No other peak was observed in the
spectrum confirms that the synthesized products are
ZnO only. Interestingly, an obvious red shift in the

absorption edge was observed for the products
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annealed at temperature. Thus, UV-vis results were in
good agreement with the XRD results in ZnO
particles size prediction. The band gap energy can be
the

absorption peak at a given wavelength in the

determined by substituting the value of

following equation

E, = h\fg = hc/hg

g

Where, h =4.14x10 %V
c=2.99x 108 m/s,
Ag= wave length and the results are 3.36 eV.

According to the bang gap values of two samples by
the result, it could absorb of the UV — range.

IV.CONCLUSION

Compare XRD patterns of “Fig.l and Fig.2”, heat
treatment causes particles to anneal and from larger
grains, thereby increasing the degree of crystallinity
of the sample. This effect is often seen as increased
peak intensity in the diffraction data. Heat treatment
of samples provides an opportunity to compare

and bulk

materials, thereby seeing how the shape and intensity

diffraction patterns of nanoparticles
of peaks change between samples of various particle

sizes.

There are some important differences between the
diffraction patterns of nano and bulk materials. Nano
materials have small particle size and this causes the
lines in their diffraction peak to broaden. The
broadening of the peak is due to a small number of
crystal planes from “Fig. 1”. This broadening in turn
causes a loss of intensity in the signal of their
diffraction patterns. Bulk materials, on the contrary,
have sharp, narrow and high-intensity peaks from
“Fig. 2.

Zinc Oxide nanoparticles (ZnO) have advantages

because of its physical, chemical properties, its usage

and inexpensive precipitation method. A white colour
of ZnO powder was obtained. Characterization study
was carried out using XRD, SEM and UV- Vis
Spectroscopy. The XRD patterns are used for phase
identifications and structure depending on the peaks
size of ZnO
nanoparticles was found to be 22.65724.7 nm by XRD

present. The average crystallize
result. The XRD analysis showed the sample prepared
in the reaction temperature. The particle size would
be adjusted by controlling the reaction temperature.
SEM image “Fig. 3” reveals the information of
nanostructure. This SEM result shows nanoparticles
form which structure expected to form due to the
adsorbed citric acid on the ZnO nuclei. The energy
band gap of nanoparticles was 3.2 eV"3.61 eV by the
result of UV analysis by form “Fig. 4 to 7”7, data can
calculated. The strongest absorbing peak appeared at
around 340 nm™~379 nm respectively according to the
the

characterization analysis, the ZnO nanoparticles

calcination temperature. By result  of
prepared. So the ZnO nanoparticles can be used the
modern electronic devices and applications in the

future.
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