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Abstract 

The key material, namely precursor has a significant impact on the synthesis condition of zinc oxide (ZnO) nanomaterials 

production. Thus, solution synthesis methods using simple salts as precursors, specifically zinc acetate dehydrate (ZA) and zinc 

nitrate hexahydrate (ZN), have become a preferred bottom-up synthesis route for metals/metal oxides because they allow for 

enhancement of growth parameters of the ZnO nanomaterials. In our study, zinc oxide nanowires (ZnO NWs) have been successfully 

synthesized via a novel hybrid microwave-assisted sonochemical technique (HMAST) where different precursor of zinc salts was 

used specifically zinc acetate dihydrate and zinc nitrate hexahydrate at optimized parameters of 12.5 mM solution concentration, 

600 W microwave power, and a rapid deposition time of 60 minutes. The effect of different precursors on the morphological, 

structural, and optical properties of the ZnO NWs has also been studied. The results of field emission scanning electron microscope 

(FESEM) images of the ZnO NWs from both precursors indicate that ZA is more favorable as a precursor as compared to ZN as it 

produces a higher quality of aligned ZnO NWs which is more uniformly distributed with even sizes and smaller average diameter 

size of ~28.44 nm. Whereas the X-ray Diffraction (XRD) pattern of ZnO NWs grown from ZA as precursor has stronger and 

narrower peaks at (002) orientation as compared to the ZnO NWs produced by ZN as a precursor with calculated crystallite size of 

~26.87 nm and ~33.33 nm respectively. The optical transmittance recorded from the Ultraviolet-visible (UV-Vis) spectrometer also 

presents a higher average transmittance of 95.29 % when using ZA as a precursor as opposed to ZN which displays a slightly lower 

transmittance of an average of 93.32 % over the same wavelength. 
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1. Introduction 

The study and development of oxide-based 

multifunctional materials and one-dimensional 

nanostructures had been ongoing for decades where one of 

the most popular oxide materials is zinc oxide nanostructures  
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due to their unique and superior properties. Advantages of 

this material had been reported to enhance the performances 

of electric and electronic devices, optoelectronics 

applications, photocatalysis, sensors, and many more [1-3].  

The most popular method in synthesizing these materials 

would be solution-based synthesis techniques to create a 

broad variety of 1D nanometer to micrometre ZnO NSs such 

as rods, plates, tubes, rings, tetrapods, prisms, pyramids, 

spheres, hollow structures, flowerlike, and multineedle-

shaped crystals [4-6]. ZnO nanowires (ZnO NWs) were 

particularly notable among other nanostructures due to their 

quasi one-dimensional (1-D) architectures displaying 

quantum confinement phenomena and huge surface to 

volume ratios. It can be thought of as a 1-D channel with 

electron, hole, and photon absorption, emission, and 

transport, resulting in strong confinement effects on the 

carriers and photons, resulting in various new optical and 

electrical properties for device applications [7-9]. 

Furthermore, it has been discovered that one-dimensional 

nanostructures (NSs), like nanowires grown on a substrate, 

offer a larger surface-to-volume ratio than nanoparticles 

(NPs) deposited on a flat surface and, as a result, a higher 

photocatalytic activity through enhanced adsorption of target 

organic molecules onto the catalyst surface [10].  

Other benefits include a large selection of substrate 

materials and geometries, as well as its straightforward 

crystal-growth process, which offers noticeably cheaper 

production costs than other semiconductors utilized in 

nanotechnology [11-12]. The nanowires formation was also 

aimed specifically due to its hexagonal wurtzite structure of 

ZnO which is the most thermodynamically stable and hence 

most common among the three structures, i.e., wurtzite, zinc-

blende, and rock salt [13-14]. The substance utilized as a 

precursor will also have a significant impact on the synthesis 

conditions of ZnO NSs production. Previous research has 

revealed that controlled synthesis of materials at the micro- 

and nanoscale has been of research interest while being faced 

with numerous difficulties since the physical and chemical 

characteristics and functionalities of a specific material are 

determined by its structure and/or morphology. Therefore, 

bottom-up solution synthesis techniques using alkoxides or 

simple salts as precursors, particularly zinc acetate dehydrate 

(ZA) and zinc nitrate hexahydrate (ZN), have gained 

popularity because they enable fine-tuning of growth 

parameters like solution composition, chemistry, 

temperature, reactant concentration, reaction rate, and 

solubility, which are intricately linked and collectively 

influence the parameters of crystal growth [15-17].   

This is supported in the study done by Liang et al. 

whereby both materials are known to result in the formation 

of wurtzite-structured, twinned hexagonal rods of ZnO NSs 

[18]. The conventional method of producing ZnO NWs by 

solution-based approach, however, mainly does not 

emphasize on the solution preparation process but focused 

more on the effects of stabilizer instead of the reactant 

dispersion which caused non-homogeneous reaction during 

the mixing process of precursor and solvent will contribute to 

the formation of a large particles size and reduce the surface 

area of the nanostructures. Through defects states such as 

grain boundaries, this behavior will lead to limited electron 

transport and high recombination [19]. Additionally, though 

these prevalent growth methods for ZnO NWs currently 

practiced are mostly successful that is chemical and physical 

techniques like thermal evaporation, chemical vapor 

deposition (CVD) and cyclic feeding CVD , sol-gel 

deposition, electrochemical deposition, hydrothermal and 

solvothermal growth as well as surfactant and capping 

agents-assisted growth, they do have a few drawbacks, such 

as low productivity or severe impurities from their employed 

assistant, also known as a catalyst or precursor, which can 

cause complications for their actual nanodevice application 

[20-30]. Another downside is that using these methods 

involves harsh circumstances including extreme heat and 

pressure, pricey materials, and complicated processes. To 

overcome these concerns, microwave-assisted techniques had 

been proposed as an alternative. Microwave comprises the 

region of the electromagnetic spectrum that has a wavelength 

(λ) between 1 mm and 1 m, which is equivalent to a frequency 

range between 300 MHz (λ = 1 m) and 300 GHz (λ = 1 mm) 

[31-32]. Microwave technology itself has several advantages, 

including scalability, low energy consumption, rapid 

expansion, cheap cost, and ease of handling, making it a 

highly lauded technique to address these issues [33-35]. 

Furthermore, the microwave-assisted technique offers greater 

control over the structure and dimensional dispersion of ZnO 

NSs than a more conventional way of ZnO NS synthesis [36]. 

As a result, experimental results are guaranteed to be more 

consistent. Additionally, microwave irradiation is essential 

for chemical processes that take place in aqueous media, 

decrease the amount of production time and cost, decreasing 

the particle size with a narrow size distribution, increasing the 

product yield rate, and generating high-purity products in 

comparison to conventional methods [37-42]. Thus, our 

research intends to optimize the aforementioned method by 

introducing our very own Hybrid Microwave-Assisted 

Sonochemical Technique (HMAST) which incorporates a 

very effective and often employed solution-based method 

whereby the sonification was incorporated during the mixing 

process, to significantly improve the interaction between the 

precursor and stabilizing agent and thus provide better overall 

control of the features of the nanostructure and further 

assisted by microwave irradiation to expedite the production 

process while also studying the effect of different zinc salts 

namely ZA and ZN as precursor on the properties of ZnO 

NWs produced. 

 

2. Materials and methods 

The research methodology comprises three different 

phases as summarized. The first process would be the 

preparation and cleaning of the glass substrates. Then the 

preparation of ZnO NPs thin film using ultrasonic-assisted 

sol-gel spin coating technique producing ZnO NPs array. It 

will then undergo a deposition process in the microwave to 

produce ZnO NWs. Analysis of data was done to investigate 

the morphological structures of the samples by using Field 

Emission Scanning Electron Microscope (FESEM, JEOL 

JSM-7600F), X-ray Diffraction (XRD) (XRD, PANalytical 

X’Pert PRO) and Ultraviolet-visible (UV-Vis) spectrometer 

(Cary 5000). 

 

2.1. Preparation of ZnO nanoparticles Seeded Layer Thin 

films 

Zinc Oxide-Based Nanoparticles were prepared as a seed 

layer of thin films on a glass substrate which was deposited 

by an optimized ultrasonic-assisted sol-gel (sonochemical) 

spin-coating technique [43-44]. The sonicated sol–gel ZnO 
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was prepared by dissolving 0.4 M zinc acetate dehydrates 

[(Zn (CH3COO)2·2H2O; Merck] which acts as the precursor 

in the solvent of 2-methoxy ethanol [C3H8O2; Merck] at room 

temperature.  

Then, 1 at% of aluminum nitrate nonahydrate [Al 

(NO3)3.9H2O; Analar] and 0.4 monoethanolamines [MEA, 

C2H7NO; R&M] were added into the solution as dopant and 

stabilizer respectively. The molar ratio of MEA to zinc 

acetate dehydrate was maintained at 1:1, and the resultant 

solution was stirred at 80 ºC for 40 minutes to yield a clear 

and homogeneous solution. Afterward, the solution was 

sonicated at 50oC for 30 minutes using an ultrasonic water 

bath (Hwasin Technology Powersonic 405, 40kHz) and 

cooled to room temperature. The solution will then be used to 

coat the glass substrate using the spin coating technique 

where 10 drops of the solution were deposited onto the 

substrate at a speed of 3000 rpm for 30 s. Lastly, the samples 

were preheated in an atmosphere ambient at 300℃ for 10 

minutes to remove solvent and the deposition processes were 

repeated for the second to the fifth layer of film to achieve the 

required film thickness. All samples were annealed in a 

furnace at a temperature of 500℃ for 1 hour.  

 

2.2. Deposition of ZnO Nanostructures via Microwave-

Assisted Sonochemical Technique 

ZnO NWs were grown via the novel HMAST method. 

An optimized 12.5 mM concentration of the solution was 

prepared at 1:1 ratio of Zinc acetate dehydrates [Zn 

(CH3COO)2·2H2O; Merck] and hexamethylenetetramine 

[HMTA, C6H12N4; Merck] which acts as the precursor and 

stabilizer, respectively [45]. The reagents were dissolved and 

reacted in a beaker filled with 1000 mL distilled water as a 

solvent and stirred at 80 ºC for 30 minutes to yield a clear and 

homogeneous solution. Next, the solution was sonicated at 50 

ºC for 30 minutes using an ultrasonic water bath (Hwasin 

Technology Powersonic 405, 40 kHz). The solution was then 

aged at room temperature for 1 hour and poured into a Schott 

bottle of 250 ml volume capacities where the optimized seed 

layer-coated glass substrates were placed at the bottom of the 

container. Afterward, the container was placed inside the 2.45 

GHz microwave (SHARP 25L Microwave Oven R352ZS) 

which was set to a microwave power 600 Watt for 60 minutes. 

Once done, the samples were annealed at a temperature of 

500 ℃ for 1 hour. The whole process is then repeated by 

substituting the zinc acetate dehydrate with zinc Nitrate 

hexahydrate (Zn (NO3)2·6H2O) as the precursor. The 

procedures described above are depicted in Figure 1. 

 

2.3. Characterization method  

The structural and morphological properties were 

characterized by X-ray diffraction (XRD, PANalytical X’Pert 

PRO) with Cu K-alpha radiation of a wavelength of 1.54 Å 

and field emission scanning electron microscope (FESEM, 

JEOL JSM-7600F). The optical properties were characterized 

by UV-visible spectroscopy (UV-Vis, Cary 5000).  

 

3. Results and Discussions 

 

3.1. Morphological and Structural Study 

Figure 2 shows the top view of the ZnO NWs created 

using the HMAST approach at different precursor of zinc 

acetate (Fig. 2a) and zinc nitrate (Fig. 2b). It is evident from 

both samples that ZnO NSs were successfully produced in 

nanowire-type of formation at the surface of the glass 

substrate within a very brief period of deposition time of 60 

minutes which may be attributed to microwave chemistry, as 

discussed by Abu ul Hassan et al., where microwave heating 

provides homogeneous heat transfer to the solution mixture 

for chemical reactions, thereby speeding up the synthesis 

process [46]. Although the produced ZnO NWs on both 

samples have a distinct hexagonal wurtzite structure and are 

vertically oriented and tightly packed onto the substrate, it 

can be clearly seen that ZnO NWs from ZA is more uniformly 

distributed with even sizes of nanowires as compared to ZnO 

NWs by ZN. This is consistent with the findings of Rani et al. 

who used a comparable hydrothermal synthesis technique and 

deposition solution concentration and observed that the ZnO 

NSs samples that were displayed were distributed uniformly 

when using ZA as the precursor as opposed to when using 

ZN, where the ZnO NRs had begun to embed one another 

[47].  

The synthesized ZnO NWs from ZA also have an 

average diameter of ~28.44 nm which is smaller than when 

the precursor was changed to ZN with an average diameter of 

~38.76 nm diameter of ZnO NWs which may also be caused 

by the acidic strength of zinc nitrate, according to Singh et al., 

who found that the different morphologies of zinc oxide 

obtained are due to variations in crystal growth rates relating 

to different crystallographic planes, where the acidic strength 

of the zinc oxide precursors used in these studies are as 

follows: nitrate > acetate, where the sample generated by the 

less acidic ZA had flat-ended hexagonal prisms that were 

longer than those produced by the more acidic ZN. 

Additionally, it will produce bigger linked particles or 

structures at the same time [48-49]. Figure 3 shows The X-

ray diffraction (XRD) spectra of the ZnO NWs produced by 

the HMAST method using different precursors of zinc acetate 

dehydrate (Fig. 3a) and zinc nitrate hexahydrate (Fig. 3b) The 

indexing of the various XRD peaks was carried out in 

accordance with the Joint Committee on Powder Diffraction 

Standards (JCPDS) standard database of ZnO hexagonal 

structure (File No 36-1451). The ZnO NWs produced from 

both samples are highly crystalline having hexagonal wurtzite 

structure with preferable c-axis orientation as well as 

exhibiting six clear diffraction peaks recorded between 20o to 

60o. These peaks were indexed at (100), (101), and (002) with 

the highest intensity and lower at (102), (110), and (112) 

planes.  

Fig. 3 (a) had also shown that XRD pattern of ZnO NWs 

grown from ZA as precursor has stronger and narrower XRD 

peaks at (002) orientation as compared to the ZnO NWs 

produced by ZN as a precursor with calculated crystallite size 

of ZnO NWs from ZA of ~26.87 nm and ZnO NWs from ZN 

with ~33.33 nm crystallite size which is similar to the 

diameter size of grown nanowires respectively. Furthermore, 

the great intensity of the ZnO NWs within the c-axis direction 

from the ZA precursor could be attributed to the nearly 

perfect alignment of the nanowires. It was outlined in the 

work by Akgun et al. on how zinc acetate dihydrate makes it 

possible to synthesize nanowires with the largest aspect ratio 

and longest length, resulting in improved alignment and a 

predominance of the steric hindrance effect. As a result, the 

unit volume for diffraction increases, and the peak intensity 

does as well [50].  
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3.2. Optical properties 

At room temperature, UV-VIS spectrometer 

measurements between 200 and 800 nm are used to 

characterize the optical characteristics of the produced ZnO 

NWs.  

All synthetic ZnO samples have optical absorption 

spectra in the visible and ultraviolet ranges that show a 

movement of the absorption band edge into the visible region 

and its dependency on the precursor. The transmittance 

spectra of the ZnO NWs produced by the HMAST technique 

at various precursors, including zinc acetate dehydrate (Fig. 

4a) and zinc nitrate hexahydrate (Fig. 4b), are presented in 

Figure 4. In the whole visible region, the transmittance 

spectra show an exciton peak in the 350–380 nm range and 

reduced absorbance above 380 nm. Sharp absorption edges 

suggest smaller ZnO particle sizes, while strong absorbance 

in the UV range suggests superior crystallinity [51].  

 

The optical transmittance is calculated within the 

wavelength from 400 and 800 nm where higher transmittance 

was recorded for the sample synthesized using ZA precursor 

with average transmittance of 95.29 % whereas the sample 

using ZN precursor shows slightly lower transmittance of an 

average 93.32 % over the same wavelength. In general, both 

samples displayed excellent transparency, and it is widely 

known that electrical devices can benefit from strong 

transmittance qualities by using them, for example, in the 

window layer of solar cells, to catch the most photons.  

 

 

 
 

Fig 1: Schematic Diagram on the Deposition of ZnO NWs via HMAST 

 

 

 

 

  

Fig 2: FESEM images (30k and 100k magnification) of ZnO NWs by HMAST method at different precursors of  

(a) ZA and (b) ZN 
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Fig 3: XRD spectra of ZnO NWs by HMAST method at different precursors of (a) ZA and (b) ZN 

 

 

 

Fig 4: UV-VIS Transmittance spectra of ZnO NWs by HMAST method at different precursors of 

(a) ZA and (b) ZN 

 

 

20 30 40 50 60

(a)(1
0

1
)

(0
0

2
)

(1
0

0
)

2 Theta (Degree)

(1
0

1
)

(0
0

2
)

(1
0

0
)

In
te

n
s

it
y

 (
a

.u
.)

 (b) ZN

 (a) ZA

(b)

200 300 400 500 600 700 800

20

40

60

80

100

(b)

Wavelength (nm)

T
ra

n
s

m
it

ta
n

c
e

 (
%

)

 (a) ZA

 (b) ZN

(a)



IJCBS, 24(7) (2023): 108-115 

 

Mohammad et al., 2023     113 
 

4. Conclusions 

It can be concluded that highly crystalline ZnO NWs 

with a hexagonal wurtzite structure and a preferred c-axis 

orientation were successfully synthesized using a novel 

hybrid microwave-assisted sonochemical technique at an 

optimized microwave power of 600 W with 12.5 mM 

concentration and 60 minutes of deposition time with the 

variable precursor of zinc acetate dehydrate and zinc nitrate 

hexahydrate. Higher purity and uniformity of the aligned ZnO 

NWs generated are shown by the stronger and narrower (002) 

XRD peak intensities of the ZnO NWs from ZA as compared 

to ZN as the precursor. This conclusion was further 

corroborated by FESEM images of the samples, which show 

reduced wire diameters when employing ZA as a precursor 

and smaller crystallite sizes when compared to ZnO NWs by 

ZN. This is further substantiated by the UV-VIS 

transmittance spectra, which demonstrated that ZnO NWs 

made using this approach have greater transmittance when 

employing ZA as a precursor. 
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