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ABSTRACT:

In this study ZnO nanoparticles have been prepared by sonochemical method (also known as
sonochemitry). The aim of using this method is the simplicity of obtaining nanoparticles in small times and
without using any heating to initiate the chemical reaction. Different with other traditional chemical methods,
the sonochemical method is based on acoustic cavitations. The formation, growth and collapse of bubbles in the
liquid were generating localized hot spots with very high temperatures of 5000-25,000 K. These temperatures
are enough to initiate the chemical reaction. ZnO nanoparticles with sizes in the range (28- 24 nm) are obtained
by changing the time of sonication, the time period in which the suspension was exposed to Ultrasound waves.
The optical band gap which obtained from UV measurements was found to be about 3.1 eV for all samples and
the characteristic band gap of ZnO was at around 560 cm'™,

Key words: ZnO nanoparticles, Sonochemical method, Sonication time, particle size, optical
properties

INTRODUCTION mostly at high temperatures [11- 13] Moreover
nanorods of ZnO nanoparticles were
successfully synthesized at room temperature
following the sonochemical method [14]. In the
present study, ZnO nanoparticles of different
morphologies were prepared by sonochemical
method at room temperature with different
sonication time. Figure (1) shows the transient
acoustic cavitation (formation, growth and
implosion of bubbles) in very small period of
time with a huge heat which initiates the

Zinc Oxide attracts the attention of many
researchers due to its various technological
applications such as ceramics, luminescent
materials and gas sensors [1-3]. In addition,
Zn0 nanoparticles are used as a sunscreen due
being UV- opaque and visible transparent [4,5].
Several methods have been used for the
synthesis of ZnO-NPs. Some examples are
metal-organic precursors, sol-gel, microwave

assisted synthesis and sonochemical method . . . .
chemical reaction without needing an external

(Sonochemistry). Sonochemistry is driven by heat [15]
acoustic cavitation, formation, growth, and T
implosive collapse of bubbles in liquids "
irradiated with high intensity ultrasound. -
Energy is transferred upon the growth and
collapse of these micro-bubbles from the
macro-scale acoustic wave to the micro-scale 150
vapor inside the bubbles. Extremely high
pressures (hundreds of atmospheres) and
temperatures (thousands of degrees Kelvin)
result from the high localization [6-10]. The sor
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There are a few reports on the growth of ZnO Figure (1): Formation, growth and implosion of bubbles
nanostructures by sonochemical method, during the sonochemical method.
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1. EXPERIMENTAL.:
e Preparation of ZnO nanoparticles

ZnO nanoparticles were prepared by
sonochemical method. Zinc acetate dihydrate
((Zn  (CH;CO0),. 2H;0)) and sodium
hydroxide (NaOH) were used as raw materials.
0.2 M (mole) Zinc acetate dihydrate was
dissolved in 1000 ml distilled water under
stirring by using magnetic stirrer. 3M of
aqueous solution of sodium hydroxide was
added drop by drop to adjust PH of the solution
at 13. After 10 minutes stirring, the products
were sonicated at different times 2, 3 and 4
hours (using a multi-wave ultrasonic generator
operating at 20 kHz with a maximum power
output of 250 W) while the power was
maintained at about 100 W for all samples. The
white precipitate was filtered and washed with
methanol several times to remove ionic
impurities and finally dried at room
temperature [14].

(Zn (CHsCOO) 2.2H.O decomposition to
ZnO can be described as follows:

Zn(CH5C00),.2H,0 + 2Na0H - Zn(0H), + 2CH;CO0Na + 2H,0

Zn(OH), + 2H,0 - Zn(0) 37 2H*
Zn(0OH){* — Zn0 + H,0 + 20H-

e Structural Measurements

X-ray diffraction measurements 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/0O0Cu LFF (40kV,
30mA). Transmission electron microscope
(TEM- JEOL Co., Made in Japan, with Max-
Power of 600 KX, Max-Resolution of 0.2nm,
Max-Energy of 120 KV) has been used to
investigate the morphology of the ZnO
nanoparticles.

e Optical Measurements

FT-IR measurements were performed
using Fourier Transform Infrared
Spectrophotometer (Shimadzu FTIR-8400 S,
Japan). The spectra of samples were taken in
the range of (400-4000 cm?). UV-Vis
Absorption measurements were carried out
using double beam Spectrophotometer (Type:
JASCO Corp., V-570, and Rev. 1.00) with a

photometric accuracy of +0.002 to +0.004
absorbance.

1. RESULTS AND DISCUSSION:
1.1. Structural Measurements

2.1.1 XRD Measurements

Fig.2 shows the XRD pattern of the
sonochemicaly prepared ZnO nanoparticles at
2, 3, and 4 hours. All observed diffraction
peaks are the characteristic of crystalline
wurtzite hexagonal phase of ZnO according to
(JCPDs, card no. 36-1451) [16]. In addition,
weak diffraction peaks were detected at low
diffraction angles (not shown) for sample
sonicated for 3 hours resulting from minor
alkaline residuals. Nonetheless, the sharp and
intense diffraction peaks imply the high degree
of crystallinity of all as prepared samples.

Interplane spacing dige and dog, lattice
parameters (a, ¢) and the unit cell volume were
calculated using equations (1- 3) [17], and
tabulated in table (1).
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Figure (2): XRD patterns of ZnO nanoparticles
sonicated at 2, 3 and 4 hours.
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Table (1): The structural parameters of
ZnO nanoparticles sonicated at 2, 3 and 4
hours.

Lattice parameters
Interplane
icati spacing , \Y
Sor:!catlon (hkl) p g g .
Ime a c , (nm)
cla
(nm) (nm) | (nm)
(100) 0.28
2hr 0.33 | 052 | 1.6 | 0.049
(002) 0.26
(1200) 0.28
3hr 0.33 | 052 | 1.6 | 0.049
(002) 0.26
(200) 0.28
4 hr 032 | 052 | 1.6 | 0.046
(002) 0.26

As shown in table (1), no noticeable change
in lattice parameters for all samples which in a
good agreement with that of bulk ZnO.
Therefore, we can conclude that all chosen
sonication times used are appropriate in the
preparation process.

The average crystallite size (D) was
calculated by x-ray diffraction line broadening
using the Scherer equation:

9A
"B cosB (4)

D=0

Where A is the X-ray wavelength (A =
1.5406A), 0 is the Bragg diffraction angle and
is the full width at half maximum [17, 18].

In addition, Williamson- Hall (W- H)
analysis using Uniform Deformation Model
(UDM) [18, 20] can be applied to calculate
crystallite size and internal strain:

BcosbB kA 4 £ sinf
cosB = —+ i
D £ 5in (5)
Where, ¢ is the internal strain. The average
crystallite size and internal strain can be
obtained by plotting 4 sin (0) versus cos (0) as
shown in Fig. 3.

0.006 L4 P
e 7/7 L
& ¢
0.004 -
(==
2]
o
(8]
@
0.002 4
2hr
0.000 T T T T T
10 12 14 16 18 2.0 22
4sin®
0.006
[ ]
° I —
S °
[ ]
0.004 -
D
1%
o
o
Q.
0.002 4
3hr
0.000 T T T T T
1.0 1.2 14 16 1.8 20 22
4sin®
0.006 @ -
- °
° T e
0.004
D
[%2]
o
o
@
0.002
4 hr
0.000 T T T T T
1.0 1.2 14 1.6 18 2.0 2.2
4sing

Figure (3): The W-H analysis using UDM of of
ZnO nanoparticles sonicated at 2, 3 and 4 hours.

The estimated crystallite size using both
Scherer equation and UDM (W-H analysis) are
summarized in Table 2. The strain values were
found to be in the order of 10 for all samples.
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Table (2): crystallite size estimated from
Scherrer equation, and W-H method using
UDM.

o Partlc]!e S1z¢ Particle size (D)
Sonication (D) from from UDM
time Sc_herer (nm)
equation (nm)
2 hr 28 28
3hr 26 28
4 hr 24 23

The internal strain values may infer from
another relation [21]:

g= E tanf

do (6)

Where Ad is the change of interplane
spacing due to strain, do is the standard
interplane spacing value of bulk Zinc Oxide.
The value of internal strain found to be in the
order of 10* which matches with those
calculated by W.H method.

TEM images of samples sonicated at 2, 3
and 4 hours are depicted in Fig. 4. The presence

of individual particles as well as aggregated
ones for all samples can be clearly observed. It
is very evident that, The morphology of the
particles changed from rod-like shape to
hemispherical-like shape by rising sonication
time. Due to the slight change in particle size
values, we can decide that the change of
sonication time is a highly efficacious for
controlling the shape of particles rather than
changing of the particles size.

2.2.Optical Measurements
2.2.1 FTIR Measurements

The identification of functional groups of
different sonicated samples was performed by
FTIR spectroscopy, and the typical spectra for
all samples are presented in Fig. 5. The spectra
of all samples were recorded in the range 400-
4000 cm™. The broad bands in the range of
3500-3420 cm ! can be assigned to the O-H
stretching vibrations, resulting from the
presence of water and hydroxyl groups on the
particle surface. The assignments for all
observed FTIR bands for the samples were

Figure (4): TEM images for samples sonicated for 2, 3 and 4 hours.
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Figure (5): FTIR spectra of samples sonicated for 2, 3 and 4 hours.

Table (3): Assignment for all observed FTIR bands for samples sonicated at 2, 3 and 4 hours.

Position cm-1 3500-3430 1520-1510

1420-1400 840-820 At around 560

Assignment O-H stretching C=0

C-0 Na-OH Zn0O
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tabulated in Tables 3. The bands of metal oxide
generally appear in the region below 1000 cm™
[22]. The absorption band noticed at 560 cm™ is
the typical characteristic band of 2ZnO
stretching modes [23-25].

2.2.2 UV-Visible Measurement

The optical investigation of the samples
was carried out by UV-Vis absorption
spectroscopy measured at room
temperature. The prepared samples
characterized by dispersing the powder in
distilled water. The absorption spectra for
the samples are presented in Fig. 6a, where
no absorption band detected in UV-Visible
range. The optical band gap can determined
according tq Tauc's relation [26, 27]:

(echv)T = A (hv - Eg) 7)
where a is the absorption coefficient,
hv is the energy of incident photon, A is
constant, Eg is the optical band gap and n is
the power factor of the transition mode
with values 0.5, 2, 1.5 and 3 corresponding
to allowed direct, allowed indirect,
forbidden direct and forbidden indirect
transitions  respectively [27] . The
dependence of (a hv) on the photon energy
hv was plotted for n=0.5. Fig. 6b shows the
relation between (ohv)? versus photon
energy hv. The optical band gap value can
be determined from the intersection of
extended linear portionof the curve with hv
axis as seen in Fig. 5. The direct optical
band gap has the value 3.1 eV for all
prepared samples which is close to that of
bulk Zinc Oxide [29, 30].
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Figure 6: (a) Absorption spectra and (b) The relation
between (ehv)? versus hv for 2, 3 and 4 samples.

CONCLUSION:

ZnO nanoparticles have been successfully
synthesized by sonochemical method with
different sonication times (2, 3 and 4 hours) to
know the effect of sonication time on the
particle size and on the value of band gap. XRD
results show that, all synthesized ZnO
nanoparticles have wurtzite hexagonal phase
with lattice constants very close to that of bulk
zinc oxide. No remarkable changes in particle
size by altering sonication time which in
consistence with that observed by TEM images,
while the morphology of particles was changed
from rod-like shape to hemispherical-like
shape. We have applied Williamson- Hall (W-
H) analysis using Uniform Deformation Model
(UDM) to calculate the value of the internal
strain. The internal strain calculated was having
very small value (10#). The FTIR characteristic
ZnO absorption band was observed at about
560 cm™*. The band gap of all samples obtained
From UV absorption measurements was found
to be 3.1eV.
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