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ABSTRACT

In the present study ZnO nanoparticles have been synthesized using sonochemical technique at different
ultrasonic exposure power. The powers were 20%, 40% and 60% of the total power of ultrasonic generator
(operating at 20 kHz with a maximum power output of 250 W). The experimental procedures were carried out in
Ultrasonic Lab, National Institute for Standards, Egypt. ZnO nanoparticles samples were investigated by X-ray
diffraction (XRD), Transmission Electron Microscope (TEM), UV visible Absorption and Fourier Transform
Infrared Spectroscopy (FTIR). XRD and TEM results reveal that Exposure power has a pronounced effect on
both particle size as well as morphology. The greater the exposure power, the larger the particle size. In
addition, the morphology of ZnO nanoparticles modified from rod-like shape to semi-spherical shape by raising
the exposure power. The band gap for all samples estimated by UV absorption data was found to be around 3.1

eV. The ZnO absorption band was observed at 560 cm™in FTIR spectra.

Key words: sonochemical method, exposure power, crystalline size.

1. INTRODUCTION

Zinc oxide semiconductor with wide band
gap (Eg= 3.37 eV) and a high exciton binding
energy (60 meV) at room temperature and
excellent chemical stability [1] is vastly used in
many applications like photocatalysis, gas
sensors, varistors, for water treatment
applications, solar cells, and biomedical
applications [2-9]. The particle size and
morphology of particles are very important
parameters in those applications so the attention
is directed to prepare it in the nanoscale. ZnO
nanoparticles have been synthesized by
different methods such as sol—gel, precipitation,
DC thermal plasma synthesis, spray pyrolysis,
hydrothermal synthesis, and wet mechanical
method [10-17]. In the last few years
sonochemical method has been used heavily for
preparing nanostructured materials [18-22].
Sonication of solutions in sonochemical
method results in the formation, growth, and
implosive collapse of bubbles in the liquid.
This phenomenon is named cavitation. As a
result of this phenomenon a very high

temperatures of 5000 °K and pressure up to
1800 atm making local hot spots. These hot
spots are responsible for the reactions and the
formation of nanoparticles [24-25]. The
sonochemical method of preparation the ZnO
nanoparticles with different particle sizes
during a small period of time (only about one
hour for each sample) with changing only the
exposure power of the ultrasound waves with
less effort and less time gives us the ability to
produce more samples for using in the past
interested applications. Given the increasing
interest in ZnO nanoparticles as potential
candidates for piezoelectric and photovoltage
solar cells devices as well as UV light emitters,
the present study offers a facile route towards
the fabrication of finely tuned Zinc Oxide
nanoparticles with cost effective and on
demand sizes and morphologies.

2. EXPERIMENT
2.1.Preparation of ZnO Nanoparticles

Zinc Oxide (ZnO) nanomaterials have been
synthesized sonochemically by different
adjustments of powers of the ultrasound
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technique which were used in the process of
preparation. 12 gm of Sodium hydroxide (3M)
was dissolved in distilled water and poured
drop wise onto the solution of 4.38 gm (0.2 M)
of Zinc Acetate dihydrate
((Zn(CH3C00)2.2H,0) under stirring by
magnetic stirrer for 10 min. The suspension
was ultrasonically irradiated for one hour with
a high-density ultrasonic probe immersed
directly into the solution at power values 20%,
40% and 60% from the total power of the
sonifier (250W). The PH of the solution was
maintained at 13. The solution was filtered and
washed several times with distilled water and
methanol to remove undesired impurities.
Finally, the resultant wet powder was dried at
room temperature.

The decomposition of Zn(CH;C0O0)..2H,0
into ZnO can be described according to:

Zn(CH3C00);.2H;0 + 2NaOH —
Zn(OH),+2CH3;COONa+2H,0

Zn(OH)z+2H;0 — Zb(0);" + 2H"

Zn(OH)%" — ZnO + H,0 + 20H-

2.2.Structural and
Measurements

Morphology

X-ray diffraction patterns of the samples
are recorded with Multi-purpose X-ray
Diffractometer (X’Pert-MPD system) using
CuKa radiation (A=0.154056 nm) at an X-ray
tube of Power 3050 W/00Cu LFF (40kV,
30mA).

Transmission electron microscope (TEM-
JEOL Co., Made in Japan, with Max-Power of
600 KX, Max-Resolution of 0.2 nm, Max-
Energy of 120 kV) has been used for data
collection.

2.3. Optical Measurements

The characterization of the absorption
bands of ZnO samples were performed using
Fourier Transform Infrared Spectrophotometer
(Shimadzu FTIR-8400 S, Japan). The optical
absorption spectra of the samples were taken by
UV-Vis spectroscopy. UV-Vis Absorption

measurements were carried out using double
beam Spectrophotometer (Type: JASCO Corp.,
V-570, and Rev. 1.00).

3. RESULTS AND DISCUSSION

3.1.Structural and
Measurements

3.2.1. XRD Measurements

Morphology

ZnO nanoparticles prepared at different
exposure sonication power 20%, 40% and 60%
of the total power of the sonicator system (The
sonifier) will be denoted as 20, 40 and 60
respectively. XRD patterns of ZnO samples are
shown in fig.1l. The results reveal that all
characteristic peaks of crystalline wurtzite
hexagonal phase of ZnO (JCPDs, card no. 36-
1451) are distinctly appeared in XRD patterns.
Sharp and high intense diffraction peaks
indicates the high degree of crystallinity for all
samples. Diffraction peaks (marked by *) were
Barely observed for a and b samples which
attributed to Zn (OH); residuals.
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Fig. (1) XRD patterns of 20, 40 and 60 samples.

Particle size for all samples has been
estimated via both well known Scherer formula
[26, 27], and Williamson-Hall analysis (W.H
analysis) [28], eq. 1 and 2 respectively.
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The calculated particle size of ZnO

nanoparticles are listed table. 1.

Table. 1. Particle size calculations using for 20, 40
and 60 samples.

Particle size (D)
sample from Scherrer
equation (nm)

Particle size (D)
from UDM (nm)

20% 15 15
40% 17 17
60% 22 23

As shown in table.l it is clear that there is
no noticeable difference between particle size
estimated by Scherer equation and that
estimated by Williamson-Hall, this is because
of the negligible value of the strain. It can also
be seen that the particle size of the samples
increases by raising exposure power. Increasing
exposure power causes the temperature of the
hot spots to increase which results in the
formation, growth, and implosive collapse of
bubbles in the liquid to be high and increasing
in particle sizes occur.

The lattice parameters of samples 20, 40
and 60 were calculated using the Lattice
Geometry equations (3-5) and summarized in
table 2.

dpsa = 2
2 sinB (3)
1 _4h? +hk+k? 12
273 = @ @
V3alc

V= = 0.866a°c
2 (5)

3.1.2 TEM Measurements

Transmission Electron Microscope images
taken for ZnO nanoparticles samples 20, 40 and
60 were shown in figure. 3. It is obvious that
the morphology of the particles mightily
influenced by exposure power. Rod like shape
particles are detected for sample 20 which
modified to mixture red like shape and
semispherical  particles for sample 40.
Semispherical like shape particles are observed
for sample 60 while the particles with rod like
shape are completely disappeared. The results
are evidence that the morphology of the
nanoparticles as well the particle size can be
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Fig. 2. The W-H analysis using UDM for 20, 40 and 60 samples.
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controlled by the power of ultrasound waves.
At higher values of power, larger particle sizes
is expected and spherical shapes can be found,
while the small values of powers are enough to
obtain rods like shapes in the samples.

3.2. Optical Measurements

3.2.1. Characterization of absorption
bands in samples by FTIR

The FTIR measurements of samples were
carried out in the range of (400- 4000 cm™).
Figure 4 shows the absorption bands for 20, 40
and 60 samples.

All the observed bands and their
assignments are tabulated in table 3. The
absorption band located at 560 cm™ can be
attributed to ZnO stretching mode [29-31].

The UV- visible absorption spectra of the
ZnO samples are shown in figure 5. Tauc's
equation [25, 26] was used to calculate the
band gap values of the samples.

()T = A (v - Eg) ©)

Where a is the absorption coefficient, hv is the
energy of incident photon, A is constant, Eg is
the optical band gap and n equal (5, 2, % or 3)
depending on the type of transition. For direct
transition n equal%.Figure 6 shows the relation
between (ahv)? versus photon energy hv . The
band gap Ey can be getting from the
extrapolation of the linear portion of the curve

with the energy axis (hv). The optical band gap
was found to be 3.1 eV for all samples which is

Table 2: The structural parameters of 20, 40 and 60 samples.

Lattice parameter
Interplane
sample (hKI) spacing ,d M
(nm) ' a c cla (nm)®
(nm) (nm)
(100) 0.28
20 (002) 0.26 0.32 0.52 1.6 0.046
(100) 0.28
40 (002) 0.26 0.32 0.51 1.6 0.045
60 (100) 0.28 0.32 0.52 1.6 0.046

so0.tif s0L.tit
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Fig. (3): TEM images for 20, 40 and 60 samples.

3.2.2. Calculations of the band gap of ZnO
nanoparticles from UV-vis measurements.

smaller than that of bulk ZnO (= 3.37 eV)
reported by Berger et al [34].
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Fig .(4). FTIR for 20, 40 and 60 samples.

Table (3): Assignment for all observed FTIR peaks
for 20, 40 and 60 samples.

Position | 35003420 | 1530-1510 | 900-830 | AT0und
cm 560
Assignme O-H _ :
nt stretching c=0 Na-OH Zn0

100

(40)
(60)

e

T
500 1000

wavelength(nm)

Absorbance %

20 4

Fig.5. UV absorption spectra for 20, 40 and 60
samples.

150000

20
——40
—60

100000

(a hv)?

50000 —

hv

Fig.6. (ahv)? versus hv for 20, 40 and 60 samples.

CONCLUSION

ZnO nanoparticles have been prepared by
sonochemical method with different ultrasonic
exposure powers of (20%, 40% and 60%) from
the total power of the sonifier used in the
synthesis process. The structural measurements
taken by XRD and TEM showed that, the
exposure power has significant influence on
both particle size and morphology of the
samples. The particle size was found to
increase by raising the exposure power. The
morphology of the particles was modified from
rod like shaped for sample 20 to semispherical
like shape for sample 60. FTIR curves showed
the characteristic band of ZnO was seen at 560
cml. The band gap estimated from UV
measurements was found lies at about 3.1 eV
foe all samples which close to that of ZnO
bulk.
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