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Abstract Zinc oxide nanopowders were synthesized by

the simple sol–gel method from an ethanol solution of zinc

nitrate hexahydrate. Structural and surface morphological

investigations were carried out using X-ray diffraction

(XRD), high-resolution transmission electron microscopy

(HRTEM), scanning electron microscopy, Fourier trans-

form infrared spectroscopy (FTIR) and ultraviolet–visible

(UV–Vis) spectrophotometry analyses. XRD pattern

showed that the zinc oxide nanoparticles exhibited hexag-

onal wurtzite structure. A multiple-layered structure of

obelisk-shaped ZnO nanoparticles was achieved after cal-

cinations. The average particle size of ZnO was around

20 nm as estimated by direct HRTEM observation. The

size of sphere-like shaped ZnO nanoparticles was measured

in the range of 20–80 nm and the size of pyramid-like

shaped annealed samples was achieved in the range of

40–100 nm with less agglomeration. The energy dispersive

spectroscopy spectrum showed peaks of zinc and oxygen.

The sharp peaks in FTIR spectrum determined the Zn–O

stretching and absorbance peak of UV–Vis spectrum

showed the wide bandgap energy of 3.35 eV.
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Introduction

ZnO has received lot of attention as a nanostructured

material because of its unique properties rendering it suit-

able for various applications. One-dimensional nanostruc-

tures exhibit interesting electronic and optical properties

due to their low dimensionality leading to quantum con-

finement effects. The novel properties of nanoscale zinc

oxide particles have found applications in a variety of

applications such as luminescence [1–3], varistors [4, 5],

solar cells [6], gas sensors [7, 8]. Many of the synthetic

approaches such as sol–gel method [13], co-precipitation

[12], hydrothermal method [14], microwave synthesis [9–

11], and thermal evaporation method [15] have been used

for the preparation of ZnO powders. Amongst the different

methods of synthesis of ZnO nanostructures, the sol–gel

method is attractive for its simplicity and environment-

friendly conditions. Sol–gel preparation of solid catalysts

has been reported by many research groups [16–20]. Using

this method, the crystal grain can develop completely and

the particle size is uniform. The soft-chemistry routes

especially sol–gel procedures offer unique advantages such

as the possibility of obtaining metastable materials,

achieving superior purity and compositional homogeneity

of the products at moderate temperatures with simple lab-

oratory equipment [21]. Semiconductor photo-catalysts

offer huge potential for elimination of toxic chemicals [22].

ZnO, with bang gap = 3.37 eV, has become promising in

the past few years because of its distinctive optoelectronic,

catalytic, and photochemical properties [24, 25]. It crys-

tallizes in a hexagonal wurtzite structure (zincite). The

ZnO-mediated photocatalytic process has been successfully

used to degrade organic pollutants [23, 26]. The aim of this

study was to synthesize zinc oxide of low dimension and

investigate the morphological properties and surfactant
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Fig. 1 XRD pattern of ZnO

nanoparticles: a as prepared,

b annealed sample

Fig. 2 SEM images of the a as-

prepared, b annealed ZnO

nanoparticles at 500 �C

Fig. 3 EDS spectra of the as-synthesized ZnO prepared by wet synthesis
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effect on the particle size. This method has features, which

are of considerable interest due to its low cost, easy

preparation and industrial viability. The novelty of this

method is that the samples were not purified and cen-

trifuged in the fabrication stage because of oxidation. In

many synthesis methods, the researchers purified samples

to have uniform particles which oxidize ZnO nanoparticles

by purification and centrifugation process [2, 8, 10–15].

Synthesis of ZnO nanoparticles by sol–gel technique is

reported by Zn(NO3)2�6H2O precursor and calcined at

500 �C. The structural and morphological properties of

ZnO have been studied by X-ray diffractometry (XRD),

Fourier transform infrared spectroscopy (FTIR), ultravio-

let–visible spectrophotometry (UV–Vis), spectroscopy,

high-resolution transmission electron microscopy and

scanning electron microscopy (SEM) analyses.

Experimental details

ZnO nanoparticles were synthesized by a new simple sol–

gel approach in the following manner: In the first 30 g,

ZnSO4�7H2O was dissolved in 150 mL deionized water

and then 14 mL ethanol (99.7 %) was added to the solu-

tion. The mixed solution was stirred with a magnetic stirrer

at 80 �C for 3 h to obtain the gel. The obtained gel was

dried at 220 �C for 1 h and then ground into fine particles.

The temperature of the dried precursor powder was

increased at the rate of 1 �C/min to attain the required

temperature and then the sample was allowed to stay at

500 �C for 3 h to obtain the ZnO nanoparticles.

The morphology of the as-synthesized and annealed

ZnO nanoparticles was carried out. XRD was used to

identify the crystalline phase and to estimate the crystalline

size. The XRD patterns were recorded with 2h in the range

4�–85� with Cu-Ka: k = 1.54 Å model X – PRt PRhMPD.

The morphology was characterized by an SEM model 3200

Ky-EM and transmission electron microscope (TEM) 900

ZEISSEM. All the measurements were carried out at room

temperature. The optical properties of absorption were

measured by UV–Vis model 300-sp and FTIR model

510-WQF.

Results and discussion

XRD at 40 kV was used to identify crystalline phases and

to estimate the crystalline sizes. Figure 1a shows the XRD

morphology of the as-prepared ZnO nanoparticles and

Fig. 1b shows the sample annealed at 500 �C for 3 h. In

our case, all the diffraction peaks at angles (2h) of 31.36�,
34.03�, 35.8�, 47.16�, 56.26�, 62.54�, 67.64�, 68.79�,
69.45�, 72.82� and 77.33� 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–Scherrer formula accord-

ing to the following equation: [27]:

D ¼ 0:89k
B cos h

ð1Þ

where, 0.89 is the shape factor, k is the X-ray wavelength,

B is the line broadening at half the maximum intensity

(FWHM) in radians, and h is the Bragg angle. The mean

size of as-prepared ZnO nanoparticles was in the range

20–50 nm from this Debye–Scherrer equation.

Fig. 4 UV–Vis absorption spectra of ZnO: a as-prepared, b annealed

sample
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SEM analysis was used for the morphological study of

ZnO nanoparticles. These analyses show that the multiple

layered structure of obelisk-shaped ZnO nanoparticles are

formed by increasing annealing temperature [28]. With

increasing temperature the morphology of the particles

changes to the pyramid shape and nanopowders were less

agglomerated. Figure 2a shows the SEM image of the as-

prepared ZnO nanoparticles prepared by sol–gel method. In

this figure, the particles were prepared with formation of

clusters. Figure 2b shows the SEM image of the ZnO

nanoparticles annealed at 500 �C for 3 h. It can be seen

that the multiple layered of obelisk-shaped ZnO nanopar-

ticles were less agglomerated.

Energy dispersive spectroscopy analysis of the ZnO

samples is shown in Fig. 3. It confirms the existence of Zn

and O with weight percent. EDS was used to analyze the

chemical composition of a material under SEM. EDS

measurement shows peaks of zinc and oxygen and indi-

cates a few of impurities in prepared samples.

UV–visible absorption spectral study was done to

understanding of the optical band gap of the material.

Absorption in the near-ultraviolet region arises from elec-

tronic transitions associated within the sample. UV–Vis

absorption spectra of as-prepared and annealed ZnO

nanoparticles are shown in Fig. 4. As you can see from the

pictures, the strong absorption band at a low wavelength

near 370 nm corresponds to the bandgap energy of 3.35 eV

for the as-prepared sample, and the strong absorption band

at the low wavelength near 379 nm corresponds to 3.27 eV

for the annealed nanoparticles. The size of particles chan-

ges with increasing temperature and the bandgap energy

decreases with increasing annealing temperature.

Figure 5 shows the FTIR spectra of the ZnO powders,

which were acquired in the range of 4000–400 cm-1. All

of the spectra exhibit a strong absorption peak at

3508 cm-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 peaks

around 1392 cm-1 are assigned to the bending vibration of

C–H stretching. The peaks at 514–442 cm-1 are for Zn–O.

The above results are in accordance with the XRD results.

The TEM analysis was carried out to confirm the actual

size of the particles, their growth pattern and the distribu-

tion of the crystallites. Figure 6 shows the TEM image of

spherical ZnO nanoparticles prepared by chemical sol–gel

route. Figure 6a shows the as-synthesized samples with an

average diameter of 20 nm. Figure 6b indicates the

annealed samples with an average diameter of 80 nm. It

can be seen that the size of nanoparticles increases with

increasing annealing temperature. Because the increasing

temperature remove the surfactants around the particles

and the particles are closed to each other because of

interactions.

Conclusion

A multiple-layered structure of obelisk-shaped ZnO

nanoparticles was successfully synthesized by a new and

simple sol–gel method using an ethanol solution of

Zn(NO3)2�6H2O. The XRD results show that ZnO

nanoparticles are hexagonal wurtzite in the size range

20–50 nm. From SEM images, it is clear that with

increasing temperature, the morphology of the particles

changes to the obelisk shape and the nanopowders were

less agglomerated. The TEM image exhibits the as-syn-

thesized ZnO nanoparticles prepared the by sol–gel route

Fig. 5 The Fourier transform

infrared spectroscopy pattern of

the zinc oxide nanoparticles
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with average size of 20 nm. The EDS measurements

showed only peaks of zinc and oxygen and indicated the

absence of impurities in the prepared ZnO samples. From

the FTIR data, the presence of Zn–O stretching mode of

ZnO is shown. The zinc oxide nanoparticles show a strong

UV–Vis absorption below 400 nm with a well-defined

absorption peak at 370 nm; the direct bandgap is found to

be 3.35 eV.
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