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The aim of the research presented is to investigate the effect of pH value on the structural and morphological

properties of nanostructured ZnO products.

Zinc acetate dihydrate (Zn(CH3zCOO)2-2H20) has been used as

precursor whereas distilled water is used as a solvent. The pH value of the sol was adjusted with monoethanolamine
(MEA) and it changed from acid to base in nature. X-ray diffractometer has been used to determine preferred
crystal orientation and particle size of the thin films. Film morphologies have been examined by using JEOL JSM
6060 LV scanning electron microscope equipped with energy-dispersive spectroscopy.
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1. Introduction

Zinc oxide (Zn0), a semiconductor with a direct wide
band gap (3.37 €V at room temperature) and large ex-
citon binding energy (60 meV) [1, 2], is one of the most
promising materials for applications in catalysts, sensors,
piezoelectric transducers, transparent conductors, and
surface acoustic wave devices [2]. With this unique prop-
erty, ZnO has also attracted attention for electrical and
optical applications such as light-emitting diodes, photo-
catalysts, photodetectors, solar cells, piezoelectronic de-
vices, and sensors. Because the shape of the ZnO parti-
cles depends on the reaction conditions during their for-
mation, many methods have been used to synthesize ZnO
particles [1]. In addition to the conventional solid-state
process, many other synthetic routes, such as hydrolysis,
pyrolysis, hydrothermal methods and precipitation have
been introduced to prepare nano or microscaled ZnQO par-
ticles in various sizes and morphologies over the past few
years [3].

The precipitation of ZnO particles has been usually
described through a growth unit that might be either
Zn(OH)y or Zn(OH)?~ ions depending on the pH, tem-
perature and synthetic methods [1]. Sagar et al. [4] exam-
ined the role of pH value on the structural properties of
ZnO films and investigated the basic nature of the mod-
ified sol as a function of increase in the ratio of additive
MEA to zinc acetate dihydrate (ZnAc) precursor. The
pH of modified sols was found to increase continuously
from 6.4 to 10.6 with increase in value of MEA. The in-
crease in pH with addition of MEA clearly indicates an
increase of alkaline nature of the prepared sols. This in-
crease is attributed to hydrolysis of salts of weak acid in
strong base medium. The higher alkaline nature of sols is
reported to be useful in enhancing the formation of ZnO
crystallites.
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2. Experimental

Figure 1 represents the process flow chart used for
synthesis of nanostructured ZnO powders by homoge-
neous precipitation. ZnAc (Zn(CH3COO0)s-2H50) was
used as a precursor whereas distilled water as a solvent.
Monoethanolamine (Merck) was used for adjusting of
sol pH. MEA was added to homogeneous and transpar-
ent solution until white precipitates are obtained. After
the precipitation, collected nanosized powders were dried
at 100°C and annealed at 400°C. X-ray diffractometer
(Rigaku D/MAX 2000) has been used to characterization
of coatings. Film morphologies have been examined by
using scanning electron microscope (SEM) (JEOL JSM
6060 LV).
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Fig. 1. Flow chart for synthesis of nanostructured ZnO

powders by homogeneous precipitation.

3. Results

Figure 2 shows the XRD patterns of ZnO powders as
a function of pH value. The peak positions in each prod-
uct agree well with the reflections of bulk ZnO (JCPDS
01-076-0704). As could be seen from the XRD patterns,
all products have polycrystalline nature. From the as-
-prepared ZnO no secondary phase other than ZnO was
observed in the XRD patterns. ZnO powders show a
highly oriented (101) peak and (100) and (002) peaks.
There have been significant changes in orientation and
the peak intensities with the increase in pH values. The
addition of MEA changes the alkaline nature of the pre-
pared sols that give ZnO films with improved crystalline
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quality. The improvement in microstructural and optical
properties may be attributed to strong alkaline nature
of the sols as the MEA in the sol improves the stability
and homogeneity of the sol by preventing uncontrolled
hydrolysis [5].
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Fig. 2. XRD results of nanostructured ZnO products.

The formation of ZnO particles from the hydrolysis of
Zn?* ions in aqueous media is known to be a complex
process. Many polyvalent cationic species can be formed
between Znsy, ions with OH™ ions and are strongly de-
pendent upon the pH of the solution. However, the pre-
cipitation of ZnO particles has been usually described
through a growth unit that might be either Zn(OH)q
or Zn(OH)?{ ions depending on the pH, temperature,
and synthetic methods [1]. The formation of ZnO by hy-
drolysis and condensation of the dissolved species taking
into account the participation of CH3COO™ ions as good
complexant for Zn?* ions [6].

The higher alkaline nature of sols is reported to be use-
ful in enhancing the formation of ZnO crystallites. In our
study, MEA was added to homogeneous and transparent
Zn-sol until white precipitates are obtained. The pH val-
ues were recorded as 9 and 11. The addition of MEA
changes the alkaline nature of the prepared sols that give
ZnO films with improved crystalline quality. The im-
provement in microstructural and optical properties may
be attributed to strong alkaline nature of the sols as the
MEA in the sol improves the stability and homogeneity
of the sol by preventing uncontrolled hydrolysis [4].
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Fig. 3. FESEM images of ZnO nanostructure powders
produced at pH 9.

Fig. 4. SEM images of ZnO prism-like nanoflowers
powders produced at pH 11.

Fig. 5.

SEM images of nanorods like ZnO produced at
pH 11 — holding at 100 °C for 24 h.

FESEM/SEM images of synthesized ZnO nanopow-
ders have been shown in Figs. 3, 4, and 5. Literature
data [3, 4] shows that additives (i.e MEA, NaOH) and pH
play an important role in solution that they have a strong
effect on the formation of ZnO different nanostructures
such as nanorods, nanoflowers, etc. In Fig. 3, the ZnO
powders exhibit a porous spherical nanostructure with
the particle sizes approximately between 28 and 30 nm
which were calculated with Scherrer’s formula. In the lit-
erature, ZnO nanostructures having 9-250 nm have been
reported [5, 7]. As can be seen from the FESEM image
of ZnO in Fig. 3, the nanostructure has approximately
0.1 pm sized nodules which consist of agglomerated ultra-
fine particles. These ultrananograins have agglomerated
and have formed large grains after the heat treatment.
When pH level increases to 11, prism-like nanoflowers
structure was observed (Fig. 4). Some amount of the
precipitates were held in a furnace for 24 h at 100°C and
after they were heat-treated at 400°C, whose SEM im-



332 D. Ghltekin, M. Alaf, H. Akbulut

ages represent in Fig. 5 that ZnO nanostructures look
like nanorods.

4. Conclusions

Polycrystalline and nanostructured ZnO powders were
successfully produced by homogeneous precipitation
route. The effects of pH on the structural and crys-
talline properties have been presented. Experimental
results showed that the crystal orientations and crys-
talline structures were affected with pH. Each of products
have nanostructured particles which shape nanoparticles,
nanoflowers, nanorods and hexagons. As could be seen
from the XRD patterns, all films have polycrystalline na-
ture. The intensity of the peaks and the orientation were
predominantly determined by pH value.
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