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Abstract

This study investigated the solvent effect on the synthesis of Zinc Oxide (ZnO) nanoparticle using sol-gel method.
Zinc acetate dihydrate and oxalic acid were used as a chemical precursor for the synthesis of the ZnO nanoparticle
considering the effects of various solvents. The effect of using water, propanol, or ethanol as solvent during the
synthesis were examined. The resultant gel in the aqueous and organic moderate solvent was thermally cracked
into ZnO nanoparticles at 450 °C under atmospheric pressure. The results showed that the solvent type has a sig-
nificant effect on the morphology and particles size of the ZnO nanoparticles synthesized. Atomic Force Microscopy
(AFM) was used to investigate the microstructure of the nanoparticles. The crystalline and chemical structure of
the prepared ZnO nanoparticle were studied by X-ray diffraction (XRD) and Fourier Transform Infrared spectros-
copy (FTIR). The average diameter of nano-size particles obtained for ethanol, propanol and water are 79.55 nm,
83.86 nm and 85.59 nm, respectively. ZnO particles showed higher degree of crystalline in water compared to oth-
er solvents under current investigation.

Copyright © 2021 by Authors, Published by BCREC Group. This is an open access article under the CC BY-SA
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1. Introduction electrical properties otherwise called quantum
confinement effects [2]. Zinc Oxide (ZnO) as a
substantial semiconductor possess a band gap of
3.3 ev at room temperature, large bond strength
(EX = 6 Mev) and high melting temperature
(2248 K) [3].

Structural, optical and cathodoluminescence
properties of undoped and Tin-doped ZnO thin
films synthesized by spray pyrolysis has been
reported by Karyaoui et al. [3]. Apart from this,
ZnO has great photo stability and electrochemi-
cal coupling coefficient properties, Moreover,

Recently, semiconductors materials are gain-
ing relevance especially those prepared from
metal oxides. The nanoscale level of semicon-
ductors materials started to play important role
for various industrial applications based on
their unique properties, such as: suitable band
gap, good thermal, and chemical stability [1].
The size of the materials is an important char-
acteristic which is dependent on the optical and
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Zn0O are highly stable and possesses various ra-
diation absorptive ranges [4]. As a result of
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their non-toxicity, it serves as an environmen-
tally friendly oxidizing agent with wide appli-
cations as ultraviolet (UV) absorptive in solar
energy conversion and sun shelter [5]. Other
areas of applications are in rubber additives,
pigments gas sensors [6-9], photovoltaic devic-
es, photo catalysis, clear controlling coating
and electrostatic transverse [10-15]. In any
given metal nanoparticles, their properties are
a function of their method of synthesis. For the
Zn0, various approaches have been used to
synthesize them, such as: arc discharge, chemi-
cal vapor condensation, hydrothermal, hydro-
gen plasma-metal reaction, micro emulsion, py-
rolysis vapor phase, chemical reduction, sol gel
and so on [16-18]. As a result of its ability to
occur in various convoluted morphologies, it
has various unique properties [9].

Hence, the various roles played by solvent in
each reaction, the effects of solvent on the prep-
aration of ZnO by sol-gel method has been
studied. These solvent does not only influence
the reaction, but also serve as a means to con-
trol the temperature in such a way to deter-
mine the peak temperature at which the reac-
tion occur. This has necessitated the study of
the influence of these solvent on the prepara-
tion of this zinc oxide. Different approaches
have been used to prepare the ZnO through sol-
gel approach [19,20]. This study therefore
aimed to synthesize ZnO nanoparticles by Sol-
gel method considering the effect of solvent-
type on its properties. The ZnO nanoparticle
from the reaction between oxalic acid and zinc
acetate using three different organic and aque-
ous solvents. Nano ZnO particles was obtained
by thermal disintegration of organic and aque-
ous mediated Zn- oxalate at 450 °C. The Nano-
particles obtained were identified and charac-
terized with Atomic Force Microscope (AFM),
X-ray Diffraction (XRD) and Fourier Infrared
Spectrophotometer (FTIR).

2. Materials and Methods
2.1 Materials and Characterization

Zinc acetate dihydrate
[Zn(CH3CO0O0)2.2H20], Sodium Hydroxide
(NaOH), Ethanol (C:HsO), propanol (CsHsO)
was purchased from Sigma-Aldrich and used
without further purification. The structural,
morphological and characteristics of ZnO nano-
particles were studied by means of (Cu-Ka)
XRD-D8 Advance Burker diffract meter, AFM
(VEGA 3LM) and Fourier transformation infra-
red spectroscopy FTIR9 Perkin-Elmer Spec-
trum BX automatic FTIR spectrometer at 4
cm~! resolutions.

2.2 Synthesis of ZnO Nanoparticles

The synthesis of the ZnO nanoparticles was
carried out using sol-gel method. Three experi-
ments were performed using three samples
each with different solvent at the similar condi-
tions. The first sample was prepared using wa-
ter as a solvent and is referred to as ZW, the
second sample was prepared with propanol as
a solvent and is referred to as ZP and the third
sample was prepared with ethanol and is re-
ferred to as ZE. In each case, 2 g of zinc acetate
dihydrate [Zn(CH3COO)2.2H20] was dissolved
in 200 mL of solvent by continuous stirring for
2 h until full dissolution and clear solutions
were obtained. 1.0 M of oxalic acid was later ti-
trated into the prepared solution until it reach-
es the pH of 9 and a homogeneous milky slurry
solution has been formed after 1.5 h. Then the
sample was left for a period of 24 h hat room
temperature in order to obtain a gelatin form
and complete hydrolysis. Then the samples
were filtrated, dried in oven, and grounded by
ball mill. The samples prepared were heat
treated at 450 °C for 2 h, cooled and labeled as
ZP, ZE, and ZW.

2.3 Characterization of the ZnO Nanoparticles

The crystallite size of the ZnO nanoparticle
as well as its crystal-phase structure were
studied using X-ray diffractometer. Scherrer
Equation (1) was used to calculate the ZnO NP
crystallite size as summarized in Table 1. AFM
was used to further obtain information on the
size distribution and average particle size of
the prepared ZnO nanoparticles.

kA

b= Pcosb @)

From the equation (1), £ denotes the Scherer
constant of a value of 0.89, A, 0 and [ are the X-
ray wavelength, Bragg diffraction angle and
the peak width of the half maximum, respec-
tively.

Table 1. The crystallite size of ZnO nanoparti-
cles prepared with different solvents.

Samples Average crystallite size (nm)
W 34.16
ZpP 30.65
ZE 22.65
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3. Results and Discussion

The yield percent of the final ZnO nanopar-
ticles obtained from the different solvents was
determined gravimetrically and it was estimat-
ed as 90% for the three solvents which is con-
sistent with the that obtained by Kanade et al.
[19]. The reaction leading to the formation of
the ZnO occurs in alkyl and aqueous media and
is depicted in Equation (2).

Zn(CH,C00), 2H,0+ H,C,0,2H,0 9
5 ZnC,0, 2H,0 + 2CH,COOH +2H,0 @

It was observed that the reaction was quick-
er in aqueous medium than in alkyl solvent,
which could be ascribed to the great polarity
and dielectric constant of water as contrast to
the alkyl correspondent parts. This reaction is
slow and displayed a homogenous nucleation in
alkyl solvent. However, the ethanol and propa-
nol can be performed as a great dissipate sol-
vent through the reaction. The alkyl solvents
played significant role in controlling the crystal
growth [20].

The characterizations of the ZnO showing
the XRD patterns, designated as ZW, ZE, and
ZP, are depicted in Figures 1(a), (b) and (c).
Figure 1(a) shows the XRD pattern of the ZW
prepared using water as the solvent. The peaks
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represented by 5, 6, 7, 8, 9, 10, 11, 12, and 13
corresponds to the diffraction lines (100), (002),
(101), (102), (110), (108), (200), (112), and (201),
respectively. No peak of impurities was ob-
served for water samples synthesized in an
aqueous medium. Figure 1(b) display the XRD
pattern of ZE sample prepared using ethanol
as solvent. The peaks of the ZnO at 7, 8, 9, 14,
16 and 19 corresponds to the diffraction lines
(100), (002), (101), (102), (110) and (103),
respectively. However, other observed peaks
are due to the presence of impurities. Figure
1(c), represents the XRD pattern of the ZP
sample prepared using propanol as solvent.
The peaks of the ZnO are 9, 10, 11, 12, 16, and
20 which denotes the diffraction lines at (100),
(002), (101), (102), (110), and (103), respective-
ly. The unidentified peaks can be attributed to
the presence of impurities. The impurities ob-
served in ZP and ZE can be assigned to the un-
reacted zinc acetate. From the morphologies
shown in Figures (1b) and (c) using ethanol
and propanol as solvent, it can be observed
that the diffraction patterns are very similar to
each one another. Whereas the XRD pattern of
the ZW sample prepared using water shows a
structure of a-ZnC204.2H20 corresponding to
the peak at 26 = 19.5° and the formation of the
structure f-ZnC204.2H20 at 20 = 24°. Both
structures are unobserved with ethanol and
propanol. The XRD pattern of the ZW prepared
using water shows a hexagonal phase of ZnO
with a clear intense and sharp peak compared
with other solvents which indicate the for-
mation of high crystallinity of ZnO nanostruc-
ture.

Table 1 shows the values of the calculated
average crystallite sizes of all the ZnO samples
using Scherrers equation. The results were ob-
tained when half maximum of the x-ray diffrac-
tion peaks, and their full width were used.
From the result, the crystallite size of the sam-
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Figure 1. XRD patterns of (a) ZW sample prepared using water (b) ZE sample prepared using ethanol

(c) ZP sample prepared using propanol.
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Figure 2. (a) AFM Image of Nano ZnO powder of sample (ZW) with inserted granularity cumulating
distribution chart. (b) AFM Image of Nano ZnO powder of sample (ZE) with granularity cumulating
distribution chart. Average particles diameter. (¢) AFM Image of Nano ZnO powder of sample (ZP)
with granularity cumulating distribution chart.
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ples synthesized using water as solvent dis-
played the high purity of the prepared ZnO.
The estimated crystallite size of zinc oxide pow-
ders prepared with various solvents are con-
sistent with that reported by previous research-
ers [21].

Figures 2 (a), (b), and (c) show the AFM re-
sults of the ZW, ZP and ZE, respectively. The
AFM were conducted to study the microstruc-
ture homogeneities and morphologies for ZnO
nanoparticles. Figure 2(a) represents AFM re-
sults for aqueous mediated ZnO nanoparticles.
Meanwhile, Figures 2(b) and (c) display organic
mediated ZnO nanoparticles of: ethanol and the
propanol respectively, mixtures of bar and
spheres particle shape were obtained for all
sample. However, it is interesting to note that
the nanoparticles in these samples tend to ag-
glomerate due to their tiny structures and siz-
es. Such agglomeration could be attributed to
the extended reaction time. However, the ag-
glomeration in the aqueous medium tends to be
more obvious compared to their organic solvent
counterpart [16]. This could be due to the fact
that organic solvents possessing higher dispers-
ing capability [22]. To prevent agglomeration,
the presence of alkyl molecule introduced steric
hindrance between the particles of the ZnO
[23], consequently, the particles depict varying
particles sizes and morphology with respect to
the solvent use. The particle size of the ZnO
prepared in alkyl mediate solvent are smaller

2500 2000

compared to that of the water. In addition to
this, they exhibit different morphology. Their
values are 79.55 and 83.86 nm for ethanol and
propanol while that of the water is 85.59 nm.
The observed smaller particles size obtained
for these organic solvents could be attributed to
the oxalates used in the synthesis of the oxide
in the various media. The lower particle size
and different morphology shows that alkyl con-
taining solvents are acting as a master role in
controlling the seeding and crystal adjustment
[24]. The nano-size particles attained with pro-
panol mediated samples are greatest excessive-
fine attributable to its superior scattering per-
formance in comprise to corresponding parts
[25].

The FTIR analysis of the three ZnO samples
prepared using water, ethanol and propanol
are depicted in Figures 3 (a), (b) and (c). The
infrared band of Zn-O bond corresponding to
bulk properties can be seen at wavelength of
580 cm-l. Moreover, a shift in peak can be ob-
served at wavelength of 375 and 419 cm~! with
respect to the water and alkyl solvents respec-
tively. This signify that the role of solvent on
the preparation and formation of nanosized
ZnO particles. Furthermore, the tiny particles
lost the elongated range order, thus adopts the
localize pattern of octahedral symmetry. The
vacancy of stretching band owing to oxalate
and acetate confirm complete creation of ZnO
[26,27].

4. Conclusion

In this paper ZnO nano-sized powder was
synthesis using oxalic acid, zinc acetate, and
zinc oxalate as precursor. The effects of utiliz-
ing three different solvents namely water, eth-
anol and propanol as solvents on the properties
of ZnO was also investigated. The hexagonal
crystal structure of the ZnO was confirmed by
XRD analysis. The average diameter of the

125 N biotseseacd et
%T 14233 : :
10-Jz3#*
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Figure 3. (a) FTIR OF ZW sample prepared used water solvent. (b) FTIR OF ZW sample prepared
used ethanol solvent. (¢) FTIR of ZP sample prepared used zinc acetate propanol solvent.
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ZmO particles were obtained as 79.55 and 83.86
nm for ZnO prepared using ethanol and propa-
nol, respectively, while 85.59 nm was obtained
for ZnO prepared using water. The water medi-
ated non-reaction in the ethanol and propanol
leads to the formation of a bars and spheres
mixture. When water was used as a solvent,
highly crystalline nanoparticles ZnO was ob-
tained due to the higher crystallite size as cal-
culated by Scherrer’s equation and observed by
XRD pattern. Both nucleation and growth of
Zn0 nano-sized particles are affected by the po-
larity of the solvent thus affecting the shape
and the size of ZnO obtained.
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