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Abstract
Zinc oxide (ZnO) nanopowders were synthesized by the sol–gel method from an

ethanol solution of zinc sulfate heptahydrate in the presence of diethylene glycol
surfactant. Detailed structural and microstructural investigations were carried out using
x-ray diffraction (XRD), high-resolution transmission electron microscopy (HRTEM),
field emission scanning electron microscopy (FE-SEM), Fourier transform infrared
spectroscopy (FTIR) and UV-Vis spectrophotometer. XRD pattern showed that the zinc
oxide nanoparticles exhibited hexagonal wurtzite structure. The average particle size of
ZnO was achieved around 28 nm as estimated by XRD technique and direct HRTEM
observation. The surface morphological studies from SEM and TEM depicted spherical
particles with formation of clusters. The sharp peaks in FTIR spectrum determined the
purity of ZnO nanoparticles and absorbance peak of UV-Vis spectrum showed the wide
bandgap energy of 3.49 ev.
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Introduction
Nanocrystalline materials have attracted a wide

attention due to their unique properties and immense
potential application in nano device fabrication. Zinc
oxides of particle size in nanometer range have been
paid more attention for their unique properties.  They
are widely used for solar energy conversion, non-linear
optics, catalysis, varistors, pigments, gas sensors,
cosmetics etc.[1-9]. Zinc oxide (ZnO) is an
unexpensive, n-type semiconductor with a wide band
gap having optical transparency in the visible range. It
crystallizes in a hexagonal wurtzite structure (zincite)
with lattice parameters as c = 5.205 Å, a = 3.249 Å. The
n-type semiconductor behavior is due to the ionization
of excess zinc atoms in interstitial positions and the

oxygen vacancies [10]. Surface defects play an
important role in the photocatalytic activities of metal
oxides as they increase the number of the active sites
[11,12]. The structure of ZnO can be described as a
number of alternating planes composed of tetrahedrally
coordinated O2− and Zn2+ stacked alternately along the
c-axis, as shown in Figure 1. Various techniques for the
preparation of ZnO nanopowders have been applied:
sol–gel method [13-16], co-precipitation method [15,17]
etc. Among the different methods, the sol-gel approach
appears to be one of the most promising methods to
prepare ZnO nanoparticles. Some of the most important
advantages of the sol-gel method are: easiness of the
synthesis, low temperature of decomposition and
control on the chemical composition. These advantages
make the sol-gel technique a very attractive preparation
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method, especially in the case of photocatalytically ac-
tive ZnO powders [15]. In this work, a simple sol gel
method was used to prepare ZnO nanoparticles. The aim
of this study was to synthesize zinc oxide of low
dimension and investigation of morphological
properties and surfactant effect on the particle size. This
method has novel features which are of considerable
interest due to its low cost, easy preparation and
industrial viability. Synthesis of ZnO nanoparticles by
sol gel technique is reported by ZnSO4.7H2O precursor
and calcined at 500oC. The structural and optical
properties of ZnO have been studied by XRD, HRTEM,
SEM, FTIR and UV-visible analyses.

Materials and Methods
ZnO nanoparticles were synthesized by a new sol gel

approach according to the following manner. The 0.015
mol ZnSO4.7H2O (Merck) and 1.2 g diethylene glycol

(Merck) were added to mixed solution of 10mL ethanol
(99.7% Merck) and 300 mL distilled water. The mixed
solution stirred with a magnetic stirrer at 850C for 2
hours to obtain the gel. The obtained gel was dried at
2200C for 1 hour then ground into a fine particle. The
temperature of the dried precursor powder was
increased at the rate of 1oC/min to attain the required
temperature and then allowed the sample to stay at
5000C for 3 hours to obtain the final product (i.e., ZnO
nanoparticles).The specification of the size, structure
and optical properties of the as-synthesis and annealed
ZnO nanoparticles were carried out. X-ray
diffractometer (XRD) was used to identify the
crystalline phase and to estimate the crystalline size.
The XRD pattern were recorded with 2θ in the range of
4-85o with type X-Pert Pro MPD, Cu-Kα: λ = 1.54 Å.
The morphology was characterized by field emission
scanning electron microscopy (SEM) with type KYKY-
EM3200, 25 kV and transmission electron microscopy
(TEM) with type Zeiss EM-900, 80 kV. The optical
properties of absorption were measured by ultraviolet–
visible spectrophotometer (UV–Vis) with optima SP-
300 plus, and Fourier transform infrared spectroscopy
(FTIR) with WQF 510. All the measurements were
carried out at room temperature.

Results
X-ray diffraction (XRD) at 40Kv was used to

identify crystalline phases and to estimate the crystalline
sizes.  Figure 2(a) shows the XRD morphology of as-
prepared ZnO nanoparticles and Figure 2(b) shows
annealed sample at 500 oC for 3 hours. In our case all

Figure 1. The wurtzite structure model of ZnO.

Figure 2. XRD pattern of ZnO nanoparticles: (a) as-synthesized and (b) annealed samples at 500 oC for 3 hours
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the diffraction peaks at angles (2θ) of 31.36o, 34.03o,
35.8 o, 47.16o, 56.26o, 62.54o, 67.64o, 68.79o, 69.45o,
72.82o and 77.33o correspond to the reflection from
(100), (002), (101), (102), (110), (103), (200), (112),
(201), (004) and (202) crystal planes of the hexagonal
wurtzite zinc oxide structure. The mean size of the
ordered ZnO nanoparticles has been estimated from full
width at half maximum (FWHM) and Debye-Sherrer
formula according to equation the following:




cos
89.0

B
D  (1)

where, 0.89 is the shape factor, λ is the x-ray
wavelength, B is the line broadening at half the
maximum intensity (FWHM) in radians, and θ is the
Bragg angle. The mean size of as-prepared ZnO
nanoparticles was around 25 nm from this Debye-
Sherrer equation.

FE-SEM analysis was used for the morphological
study of nanoparticles of ZnO. These analyses show that
high homogeneity emerged in the samples surface by
increasing annealing temperature. With increasing
temperature the morphology of the particles changes to
the spherical shape and nanopowders were less
agglomerate. Figure 3(a) shows the SEM image of the
as-prepared ZnO nanoparticles prepared by sol-gel
method. In this figure, the particles prepared with
formation of clusters. Figure 3(b) shows the SEM image
of the annealed ZnO nanoparticles at 500oC for 3 hours.
The ZnO nanoparticles formed were less agglomerated.
The crystallite size of annealed nanocrystals is in the
range of 20-80 nm in diameter.

TEM analysis was carried out to confirm the actual
size of the particles, their growth pattern and the
distribution of the crystallites. Figure 4 shows the as-
synthesized TEM image of ZnO nanoparticles prepared
by sol gel route with an average diameter about 28 nm.

Figure 5 shows the FT-IR spectra of the ZnO
powders, which were acquired in the range of 4000 to
400 cm−1. All of the spectra exhibit a strong absorption
peak at 3508cm−1 for stretching vibration of non-
chemical bond association OH groups and at 1637 cm−1

for H-O-H bending vibrations. The peaks at 2390 cm−1

are attributed to the presence of carbon dioxide.  The
absorption picks around 1392 cm-1 is assigned to the
bending vibration of C-H stretching. The peaks at 514 to
442 cm−1 are for Zn-O. The above results are in
accordance with the XRD results.

UV–Vis absorption spectra of as-prepared and
annealed TiO2 nanoparticles are shown in Figure 6. For
as-synthesized TiO2 nanoparticles, the strong absorption
band at low wavelength near 355 nm (Eg=3.49) for
anatase in Figure 6(a) and for annealed TiO2

Figure 3. FE-SEM images of the ZnO nanoparticles: (a) as-prepared (b) annealed at 5000C for 3 h

Figure 4. TEM images of the as-prepared ZnO nanoparticle
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nanoparticles the strong absorption band at low
wavelength near 410 nm (Eg=3.02) for rutile phase in
Figure 6(b) indicate the presence of phase transition of
anatase to rutile for TiO2 nanoparticles under heat
treatment at 500oC [18]. The absorption edge extends to
longer wavelengths for TiO2 nanoparticles, and
absorption tail in the visible-light region over 350–500
nm and strong absorption band in the UV-light region is
clearly observed. It indicates the absorption positions
depend on the morphologies and sizes of ZnO. The UV
absorption ability of ZnO is related with band gap
energy. The UV-absorption edge provides a reliable
estimate of the band gap of any system.

Discussion
In summary, we have analyzed the composition of

ZnO particles synthesized by a new sol gel method
using ZnSO4 ·7H2O and diethylene glycol as surfactant.
The XRD and TEM results show that these
nanoparticles are hexagonal wurtzite in phase ZnO with
a mean grain size of about 28 nm. From SEM images, it
is clear that with increasing temperature the morphology
of the particles changes to the spherical shape and
nanopowders were less agglomerate. TEM image
exhibits that the as-synthesized ZnO nanoparticles
prepared by sol gel route with an average diameter
about 28 nm. From the FTIR data, it is shown the
presence of Zn-O stretching mode of ZnO. The
absorbance peak of UV-Vis spectrum showed the wide

Figure 5. The FTIR pattern of the zinc oxide nanoparticles

Figure 6. UV–Vis absorption spectra of TiO2 nanoparticles: (a) as-prepared and (b) annealed samples



Sol-Gel Synthesis of Zinc Oxide (ZnO) Nanoparticles …

285

bandgap energy of 3.49 ev for as-prepared samples.
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