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Abstract

Zinc oxide (ZnO) is an inorganic semiconductor compound with a direct band gap of 3.3 eV
and is mainly used as additive in many technological applications such as cosmetic, food, and
cement. The functionality of ZnO strongly depends on the particle size, crystallinity, and shape.
In this work, ZnO nanoparticles (ZnONPs) were prepared using two different routes: polyol
and hydrothermal processes. The products were compared using scanning electron microscopy,
transmission electron microscopy, X-Ray diffraction, Fourier transform infrared spectroscopy,
and UV-Vis. absorption spectroscopy techniques. Additionally, hydrothermal method was
performed at three temperature values of 100, 120, and 150 °C and the effect of temperature on
the hydrothermal synthesis of ZnONPs was also discussed in this study.

Keywords: ZnO, polyol method, hydrothermal method.

1. INTRODUCTION

Metal oxide nanoparticles are important materials
for many technological applications like cement,
cosmetic, food, and dyeing. Because the most of
metal oxides demonstrate a semiconductor
property, they are preferred as dopant to produce
batteries [1-3], supercapacitors [4,5], sensors
[6,7], solar cells [8,9], membranes [7,10] and so
on.

Zinc oxide (ZnO) absorbs sunlight efficiently and
it is especially preferred for solar cell applications
[8,9] as well as TiO». The quality parameters such
as crystallinity, particle size, and shape of ZnO are
required to be controlled for such applications.
There are various techniques to synthesize zinc
oxide nanoparticles (ZnONPs) in the literature
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e.g. atomic layer  deposition  [3,11],
electrodeposition [12], thermal evaporation [13],
sol-gel [14], and precipitation [15] methods.

Complicated devices and specialty are not
essential for precipitation method. Hence, this
method is in prevalent use. To adjust the physical,
optical, and electrical properties of ZnONPs,
precipitation can be applied using various
approaches such as polyol [16] and hydrothermal
[17] procedures, in which high temperature is
applied using reducing agents and stabilizers.

In this study, ZnONPs were synthesized using
both polyol and hydrothermal procedures and
their morphological, crystallographic, chemical,
and optical properties were compared as well as
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the influence of temperature on the hydrothermal
process.

2. EXPERIMENTAL SECTION

All reagents were of analytical grade and all
synthetic procedures were applied in aqueous
solutions using ultrapure water. For the synthesis
of ZnONPs by polyol method, 30 mL of
diethylene glycol (DEG) solution including 4.0
mM poly(vinyl)pyrrolidone (PVP) was prepared
at room temperature. Zn(CH3COO),-6H.0 was
added into this solution to a final concentration of
0.1 M and heated to 180 °C. Distilled water was
injected into the solution at a constant rate of 1
ml/s. The mixture has started to become milky
due to precipitation of ZnONPs. The precipitation
was supplied for 30 min while temperature was
kept constant at 180 °C. Thus, the suspension was
allowed to reach room temperature, ZnONPs
were filtrated, cleaned with ethanol and distilled
water, respectively, and then dried overnight at
room temperature [16]. This product was quoted
as ZnONPs-po

Hydrothermal synthesis of ZnONPs was
accomplished by the following procedure [17]. 5
mL of 1.0 M KOH solution was added to 25 mL
of DEG under magnetic stirring. 10 mL of 0.4 M
Zn(NQO3)2.6H20 and 0.59 g of hexadecyl
trimethylammonium bromide (CTAB) was also
inserted into this solution and then stirred for 10
min. This dispersion was placed into autoclave
and heated at different constant temperature
values of 100, 120 and 150 °C for 3 h to
investigate the effect of temperature on the
formation of ZnONPs. When the precipitation
reactions were finished, the suspensions were
cooled at room temperature. The white ZnONPs
powders were separated by filtration, cleaned
with ethanol and distilled water, respectively, and
dried overnight at room temperature. These
precipitates were named as ZnONPs-ht

In these synthesis procedures, DEG was used as
reducing agent, while PVP and CTAB were
serving as stabilizer role to confine the particle
size of ZnO. For the characterization of produced
ZnONPs, morphological, optical, chemical, and
crystallographic  analyses were performed.

Sakarya University Journal of Science 25(1), 175-181, 2021

Morphological information was collected using
Zeiss scanning electron microscopy(SEM) and
Hitachi transmission electron microscopy (TEM).
Optical and chemical analysis of the ZnONPs
were  provided by Shimadzu UV-Vis.
spectrophotometer and Perkin-Elmer Fourier
transform infrared (FTIR) system. The samples
were prepared as KBr pellets for FTIR analysis.
Crystallographic information of the samples were
collected using Rigaku brand X-ray diffraction
instrument.

3. RESULTS AND DISCUSSION

Morphological characterization of  the
synthesized ZnONPs was performed using SEM
and TEM techniques. Fig. 1.a shows SEM image
of ZnONPs-po with a very large ball-shaped view.
The particle size of ZnONPs-po ranges between
400 nmand 2 um.

Figure 1 Low (a) and high (b) magnification SEM
images of ZnONPs-po
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When we focus on these large particles, it is
obvious that there are many highly ordered sub-
crystals as illustrated in Fig. 1.b. These hexagonal
shaped  sub-units  are  distributed  so
homogeneously and mean particle size is around
70 nm.

Figure 2 SEM images of ZnONPs-ht prepared at 100
°C (a), 120 °C (b), and 150 °C (c).
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Fig. 2 demonstrates SEM images of ZnONPs-ht
structures synthesized at 100, 120, and 150 °C.
This figure indicates that ZnONPs-ht reveal a
totally distinct surface structure at all of the
studied temperature values. It should also be
noted from Fig. 2 that surface appearance of
ZnONPs-ht changes depending on the applied
temperature. At 100 and 120 °C, SEM images of
ZnONPs-ht reflect aggregated particles with
lower crystalline view when compared to
ZnONPs-po. Particle size of ZnONPs-ht was
calculated as 50 nm for 100 °C (Fig. 2.a). It is
observed in Fig. 2.b that more aggregated
particles are seen for 120 °C and some larger
particles arise on the surface. Hydrothermal
synthesis at 150 °C results in a totally divergent
formation. Interestingly, very large screw-like
crystals with a few um particle size constitute on
the aggregated small particles.

Figure 3 SEM (a) and TEM (b) images of
ZnONPs-ht prepared at 150 °C.
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Fig. 3.a represents a low magnification SEM
image of these ZnONPs-ht crystals, in which
screw-like crystals are homogenously distributed
on the surface. Fig. 3.b also shows a TEM image
of ZnONPs-ht synthesized at 150 °C. This figure
implies that large crystals reveal a very low
transparency and the dimensions of these shapes
are approximately 2.5 um x 4.0 um.

To investigate crystallographic properties of the
prepared ZnONPs, powder XRD analysis was
carried out as represented in Fig. 4. XRD
spectrum of ZnONPs-po contains different peaks
at 20 values of 31.8°, 34.5° 36.3°, 47.6°, 56.5°
62.7°, and 67.8° for the diffractions of 100, 002,
101, 102, 110, 103, and 200 depending on the
joint committee on powder diffraction standards
(JCPDS) card number of 36-1451 [18]. In Fig. 4,
same peaks are observed for ZnONPs-ht samples
prepared at different temperatures.
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Figure 4 XRD data of ZnONPs prepared by
polyol and hydrothermal methods

SEM analysis supplied visible particle size of the
samples but it is clear that particle sizes for all
samples are not uniform. XRD data provides
mean particle size information depending on the
Scherrer equation [19]. Using the most intensive
peak, we have calculated particle size of ZnONPs-
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po as 120 nm, while particles sizes of ZNONPs-ht
samples are 345, 415, and 520 nm for 100, 120,
and 150 °C, respectively. It can be concluded from
both SEM and XRD results that polyol process
provides lower particle size and particle size
increases by rising the applied temperature for
hydrothermal process.

Fig. 5 displays FTIR spectra of ZnONPs-po and
ZnO-NPs-ht. ZnONPs-po spectrum is very close
to that of previous publications [20-22] and
includes individual peaks at 507, 1049, 1388,
1607, 2978, and 3398 cm?, corresponding to
vibration of Zn-O, C-N, C-H, C=0, C-H, and —
OH groups, respectively. It is obvious that
ZnONPs-po are covered with PVP molecules,
those are immobilized to ZnONPs-po during the
synthesis step. The FTIR spectrum of ZnONPs-ht
exhibits almost similar peaks of spectrum of
ZnONPs-po but two differences should be
remarked. First difference is the arising of an
intensive peak at 550 cm™, which is assigned to
vibration of C-Br of CTAB [23], which is used as
stabilizer. Second discrepancy is the diminishing
the intensity of C=0 bond, which is due to the
absence of carbonyl group in the CTAB structure.
The FTIR results ratify the successful synthesis of
both ZnONPs structures by applied synthetic
procedures.
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Figure 5 FTIR spectra of ZnONPs prepared by
polyol and hydrothermal (150 °C) methods
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Optical properties of ZnONPs were analyzed
using UV-Vis. absorption spectroscopy (Fig. 6).
For ZnONPs-po and ZnONPs-ht dispersions,
absorption maxima were observed at 376 and 371
nm corresponding to band gap values of 3.30 and
3.34 eV, respectively based on the following
equation.

hc

E =
Aabs

where h is Planck constant (6.62x10734J.s), ¢ is
the velocity of light (3x10% m.s™) and Aaps is the
absorption wavelength [22,24]. Calculated band
gap values of both samples show that applied
synthesis procedures yielded the bulk structure of
ZnONPs.
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Figure 6 UV-Vis. absorption spectra of aqueous
ZnONPs dispersions prepared by polyol and
hydrothermal (150 °C) methods

4. CONCLUSIONS

ZnONPs were successfully synthesized by using
polyol and hydrothermal procedures.
Hydrothermal synthesis was investigated for three
different temperatures. SEM results revealed that
polyol method presented formation of ball-shaped
large particles including highly crystalline

Sakarya University Journal of Science 25(1), 175-181, 2021

hexagonal sub-units. Hydrothermal method
produced small particles with aggregation at 100
and 120 °C but 150 °C exhibited screw-like large
crystallites rather than small particles. The XRD
analysis implied that polyol process yielded lower
particle size than hydrothermal approach and
particle size increased by rising the temperature of
exposure for hydrothermal process. Band gap
values of the ZnONPs products were calculated
from UV-Vis. absorption data and found same as
the bulk band gap value of 3.3 eV.
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