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Abstract

Zinc oxide (ZnO) nanoparticles have a great interest due to their important electrical and optical properties that have the
potential to bring benefits to many areas of research and application. The present study is the preparation of zinc oxide
nanoparticles using Sol-gel chemical method and the preparation using surfactant. The surfactant used was triethanolamine
(TEA). Surfactant and unsurfactant ZnO nanoparticles were prepared to accomplish a comparative study. the properties of the
prepared ZnO NPs have been characterized with the aid of many analytical techniques including Transmission electron
microscopy (TEM), Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD) and UV-Vis spectroscopy. The
surfactant used was triethanolamine (TEA). The obtained ZnO NPs were spherical with average size of 79 nm without
agglomeration. FTIR spectra showed the adsorption of TEA on the ZnO surface. The results of the UV -vis studies showed a
decrease in band gap energy of 2.23eV as compared with the unsurfactant value of ZnO (3.28eV). Surfactant ZnO nanoparticles
showed larger crystallite size and smaller bandgap in contrast to unsurfactant ZnO nanoparticles. TEA can use for prepare of
nanomaterials with different properties for specific applications.
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1. Introduction

Metal oxides play a very significant role in many
aspects of chemical, physical and material science [1-
4]. In recent years, ZnO nanoparticle has found
widespread interest due to its many exciting
properties. For instance, it has a wide direct band gap
(3.37 eV) and a large exciton binding energy of 60
meV at room temperature. Moreover, it has excellent
chemical and thermal stability [5]. It is used in many
applications such as solar cells, gas sensors [2-8],
LEDs, piezoelectric devices, thin film transistors, laser
and optoelectronic devices [9,10].

ZnO nanoparticle can be prepared by various
methods such as hydrothermal, precipitation, spray
pyrolysis, thermal decomposition and sol-gel method.
The sol-gel method is more popular due to their
advantages such as low temperature and process
control. Moreover, this method shows good optical
properties and simple, but this can be carried out only
by good control of the size and shape of the particles
[11].

Organic surfactants are used to acquire the desired
size and morphology. In addition, organic surfactants
prevent the agglomeration of particles and superior
optical properties. Organic surfactant such as PVP
[12], CTAB [13], thiophenol [14,15], TEA [16], starch
[17], and glucose [18]. TEA is as surfactant which is
both a tertiary amine and a triol with a lone pair of
electrons on the nitrogen atom [19]. TEA is used in
industrial milling to prevent agglomeration and in
cosmetic and food products due to has good
dissolution ability, low cost, and available. In this
study we report the change in the properties of ZnO
nanoparticles with adding of TEA synthesized by sol-
gel method. The structural, morphological and optical
properties were studied.

2. Experimental Details
2.1. Reagent
Zinc sulphate heptahydrate (M=287.49g/mol), and
KOH were obtained from  Sigma-Aldrich.
Triethanolamine used as a surfactant and ethanol used
as solvent were purchased from Merk Chemical
Reagent Company without further purification.
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2.2. Preparation of ZnO Nanoparticle by sol-gel

(A) ZnO nanoparticles were synthesized by
dissolving 0.2 M zinc sulphate heptahydrate in
100 ml ethanol by continuous stirring for half an
hour until a clear solution is obtained then
suitable amount of KOH solution was added to
get pH 9 at a temperature of 60 °C for 2 hours.
The colloidal precipitate obtained was cooled
and washed with D.l water and ethanol several
times, then dried at 70 °C for 2 hours. The dried
gel form was calcined at 900°C for 2 hours by
using a muffle furnace.

(B) The latter steps were repeated using 5 ml of TEA
(Triethylamine) as surfactant stabilizer.

2.3. Characterization of ZnO powder

Morphological feature and particle size of the as-
synthesized samples were examined by high
resolution  transmission  electron  microscope
(HRTEM) (Philips (3M200)) and Particle size
distribution of the zinc oxide particles was also
measured by using a laser based particle size analyzer
(Malvern-3000, Mastersizer, and Japan) and the
average particle size was studied from the TEM
images using software such as Image J and Origin.
The crystalline phases of the as-synthesized samples
were identified by X-ray diffraction analyzer
(Shimadzu XRD-6000, model D/Max-11IB, the
accuracy is 0.0010) using Cu Ka radiation (k =
0.15418 nm) and the composition of the synthesized
Zn0O nanoparticles were determined by using Fourier
transform infrared (FTIR) spectroscopy was
performed using Bruker (Vector 22) instruments. The
ultraviolet-visible (UV-Vis) absorption spectra were
recorded on a UV- Vis scanning spectrophotometer
(Thermo Scientific, Japan).

3. Result and Discussion
TEA (N (CH2CH20H) 3) has a single lone pair of
electrons on the nitrogen atom, due to which it
generally acts as a weak base. The possible reactions
for the precipitation of ZnO nanoparticles in the
presence of TEA and KOH can be depicted as:

ZnS0,.7H,0 + TEA — [Zn(TEA)] + S02"
[Zn(TEA)] > Zn?** + TEA

2KOH - 2K* + 20H~

Zn?* 4+ 20H™ - Zn(OH), |

Zn(OH), » Zn0 + H,0 1
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In the Sol-gel case, the amine group of TEA binds
to surface ZnO atoms, while the OH groups provide
hydrophilicity [20,21]. The TEA molecules passivate
the surface and create a steric barrier between
neighboring ZnO nanoparticles. A  schematic
representation of capped ZnO nanoparticles is shown
in figure 1.
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Fig. 1. A schematic representation of capped ZnO nanoparticles.

KOH is thought to be better than NaOH, because
K+ has a larger ion radius and so a lower chance of
including into the ZnO lattice [22-23]. What's more,
some say that K+ is attracted by the OH- around the
nanocrystal and forms a virtual capping layer, this way
stopping the nanocrystal growth [24].

3.1. X-Ray Diffraction (XRD) studies

The crystallite size of the crystals was calculated
using the broadening of the diffraction lines
corresponding to the maximum peak intensity by the
Scherrer formula (1).

D =0.94 /(B cosO) D

Where D is the diameter of the crystallites of the
crystals, A is the wavelength of CuKa line (0.15406
nm), B is full width at half maximum (FWHM) in
radian and © is Bragg angle.

The XRD patterns for both powders in figure 2 (A,
B) showed that the ZnO nanoparticles for both
powders are crystalline in nature [25].

The peaks of the XRD patterns for both synthesized
zinc oxide powders corresponded to the (100), (002),
(101), (102), and (110) planes. All the XRD results
approved that the synthesized powders in this study
consisted of single-phase hexagonal wurtzite ZnO.
Although both powders showed XRD patterns that
indicated that they include ZnO, the peak intensities
for both powders were different. The peak intensity for
ZnO powder without TEA was higher than that of the
ZnO powder with TEA.
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Fig. 2. (A, B). XRD pattern of the ZnO powders synthesized
without using TEA (A) and using TEA (B).

Based on the Scherrer formula, the average
diameters of the ZnO crystallites for the ZnO (A) and
ZnO (B) powders were calculated to be 11 and 58 nm,
respectively.

3.2. FTIR absorption studies

FTIR spectra figure 3 (A, B) investigated the
formation of ZnO nanoparticles and the presence of
several chemical functional groups.
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Fig. 3. (A, B) FTIR spectrum of ZnO nanoparticles (A) prepared
without using TEA and (B) ZnO prepared by with using
Triethanolamine.

The peak at 1,350 cm-1 in the case of capped ZnO
may be from C-H2 in TEA [26]. The peaks at 450 and
530 cm-1 was observed for each ZnO nanoparticles are
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investigated stretching vibration of Zn-O bond. As
can be seen ZnO nanoparticles extracted from
suspensions with TEA have two other peaks around
2850 and 2950cm-1 attributed to CH bond of TEA or
H+TEA ions [27].

3.3. Dynamic light scattering analysis

Dynamic light scattering was utilized for detection
the average hydrodynamic size of the synthesized ZnO
nanoparticles. The size determined by DLS was
detected to be much larger than the size determined by
XRD and TEM. DLS detected the hydrodynamic
radius of the particle whereas by TEM we obtained an
estimation of the projected are a diameter.

Fig. 4. Size distribution by intensity of ZnO nanoparticles prepared
via sol-gel with Triethanolamine.

Fig. 5. Size distribution by intensity of ZnO nanoparticles
prepared via sol-gel without Triethanolamine.

The Malvern Zetasizer is used to measure the
particle size in the colloidal solution of ZnO NPs
dispersed in water. The size distribution remains in
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narrow range as shown in figure 4, 5. The particle size

of synthesized ZnO powder is about 84.98 nm in with
TEA figure (4) While with average size ranging from
250 to 500 nm were observed for without TEA figure
(5).

When a dispersed particle moves through a liquid
medium, a thin layer of the solvent adheres to its
surface. This layer affects the movement of the particle
in the medium, thus the hydrodynamic diameter
confers us information of the inorganic core along with
any coating material and the solvent layer linked to the
particle as it moves under the effect of Brownian
motion. While concluding size by TEM, this hydration
layer is not present hence, information is obtained only
about the inorganic core.
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3.4. TEM morphology of the nanoparticles

The surface morphologies and particle diameters of
Zn0O synthesized by sol-gel with and without TEA
were investigated using TEM.
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Fig. 6. (A, B) TEM images of ZnO powders synthesized (a) with
using TEA and (b) without using TEA.

The TEM images of ZnO powders synthesized by
Sol-gel and precipitation are showed in figyre 6 (A, B).
Sol-gel method using TEA favored the formation of
uniform spherical-shaped nanoparticles of size 45-50
nm is a single-phase nanoparticle (not agglomerate)
(Figure 6 A), while without using TEA led to the
formation of agglomerate with spherical-shaped which
morphology had length up to 200 nm (Fiure. 6 B).

The surfactant played a significant role in the
growth mechanism of ZnO nanoparticles. The
surfactant on the surface of ZnO plays two roles:
firstly, it helps reduce the defects in nanocrystals
during nucleation and secondly, it attaches to the
surface of nanoparticles so as to effect on the size of
the particles. Results from the TEM analysis indicate
that the particle sizes in both Powders were larger than
the crystallite sizes determined from the XRD
patterns. The observed particles consisted of single
primary nanocrystallites and secondary ZnO particles
formed by the fusion of several primary crystallites.
Thus, ZnO primary crystallite aggregation constructed
the larger polycrystalline particles observed in TEM
[28,29]. Furthermore, it can be seen that without and
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with using TEA to histograms the average diameter of
ZnO nanoparticles are 20 and40 nm, respectively.
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Fig. 7. (A, B) Size distribution histograms of ZnO nanoparticles
without and with TEA

3.5. UV-Visible Spectrophotometer

The effect of the preparation method on the photo-
optical of the zinc oxide nanoparticles were studied
through their capability of absorbing the UV radiation.
The spectra of the UV—Visible absorption by the Zinc
oxide nanoparticles; both ZnO NPS A (without
Ttriethanol amine) and ZnO NPs B (with Triethanol
amine), are shown in Figure 8. Both A and B have
shown an absorption band at blue shift area (less than
400nm). About the absorption spectra, the effective
wavelengths of ZnO nanoparticles A (without
Triethanol amine) and B (with Triethanol amine) are
265 and 380 nm, respectively.
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Fig. 8. Electronic absorption of UV-VIS spectra for ZnO
nanoparticles A and B.

In line with, respective energy band gaps of 3.28
and 2.23 eV for sample A and B were detected in
Figure 9. The direct band gap of ZnO is estimated from
the plot of (ahv)2 versus hy, where h vis the photon
energy and a is the ratio of the absorption coefficient
to the scattering coefficient. These band gaps can
explicitlyensure the blue shift which had occurred for
the prepared ZnO owing to the inverse proportion of
energy gap and wavelength.
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Fig. 9. The band gap for ZnO nanoparticles A and B.

From other studies was found that the band gap of
pure ZnO is ~ 3.3 eV which is good agreement with
ZnO nanoparticles A, but the optical band gap of ZnO
nanoparticles B decreases with increasing crystallite
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size and vice versa [30-32]. This surface plasmon
resonance band undergoes a red- or blueshift, depend
on the quantum size effects. The absorbance of ZnO
NPs depends on the influence of various factors such
as physical parameters (size and pH), carrier
concentrations, the presence of oxygen vacancies and
shape. Large band gap energy and highly blue shifted
absorption edge confirm that the prepared ZnO
nanoparticle show strong quantum confinement effect.

4. Conclusions

In this work ZnO nanoparticles were synthesized
by sol -gel method without and with using surfactant
lead to change in the particle size and shape of
nanoparticles. According to the characterization
results it is clear that by with using a surfactant (TEM)
the particle agglomeration is very less and also the
particle  separation is good. Morphological
investigations confirmed the formation of various
nanostructures with variation in shape, size and aspect
ratios, crystallinity, and lattice arrangements. The
synthesized ZnO average particle size is calculated as
30 nm by using Scherrer’s formula. The TEM image
showed spherical shape nanoparticle formed with
diameter range 50 nm. Whereas, without using a
surfactant particle size is diameter range 200 nm. FTIR
studies showed the adsorption of TEA on the surface
of ZnO nanoparticles. Overall decreasing nature of
optical band gap (from 3.28 eV to 2.22 eV) has been
showed in ZnO with using triethanolamine. (Upon
using TEA, decrease in the optical band gap from
(3.28 eV to 2.22 eV) was shown in ZnONPs.
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