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Zinc oxide nanostructures attract considerable attention of researchers due to their unique properties such as 
electrical conductivity, piezoelectric properties, optical transparency, emission, wide forbidden zone. Zinc 
oxide nanopowders are obtained by various methods: hydrothermal synthesis, sol-gel method, pyrolysis, 
chemical precipitation from solution and others. The task of development of low-cost methods of zinc oxide 
synthesis with high reproducibility is actual. The thermal decomposition method is a controlled relatively 
inexpensive method that can enable large scale production without the use of complex equipment and 
expensive materials. In this work, nanostructured ZnO samples were prepared by thermal decomposition 
of zinc acetate dehydrate at temperatures 400 ̊С and 700 ̊С. The influence of such synthesis parameters 
as duration and temperature on the morphology and structural properties of the obtained samples were 
investigated. It was found that the morphology of the synthesised ZnO samples significantly depends on 
the synthesis temperature. The obtained Raman scattering spectra show characteristic peaks of zinc oxide 
and carbon. An efficient, inexpensive method for the synthesis of zinc oxide nanoparticles with controlled 
morphology, promising for use as photocatalysts, the basis for the development of sensor devices, is 
presented.
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1 Introduction

The development and investigation of properties 
of nanocrystalline materials is an important 
and urgent task. Metal-oxide nanostructures are 
promising materials for applications in various 
fields of chemistry, materials science, physics 
and biotechnology due to their unique electronic 
structure [1, 2]. Transition metal ions usually 
possess unfilled d-shells, which provides reactive 
electronic transitions, wide bandgap, excellent 
electrical characteristics and high dielectric 
constant [3]. Metal-oxide nanomaterials possess 
exceptional and tunable optoelectronic, optical, 
electrical, thermal, magnetic, catalytic, mechanical, 
and photochemical properties, enabling them to be 
used with high efficiency to produce sensors [4, 5], 
fuel cells, batteries, supercapacitors, and optical 
devices [6]. The above wide range of applications 
is also due to the high surface density of these 
nanostructures [7].

Zinc oxide, due to its wide bandgap (3.3 eV at 
room temperature), large exciton binding energy 
(60 meV) and high melting temperature (2248 K) 
is one of the promising semiconductors [8]. ZnO 
nanomaterials, compared to bulk ZnO analogues, 
demonstrate new properties that are applicable for 
the development of biosensors, ultraviolet lasers, 
frequency converters, nanoscale optical circuits, etc. 
[9-11]. The activity of the obtained ZnO nanomaterials 
depends on their physicochemical properties such as 
shape, size, surface area, and crystal structure. The 
need to synthesise low- dimensional structures with 
certain characteristics has led to the development of 
a wide variety of methods for the synthesis of zinc 
oxide [12, 13]. ZnO nanoparticles can be produced 
on a large scale by simple synthesis methods such 
as chemical precipitation [14], sol-gel method [15], 
solvothermal/hydrothermal synthesis methods [16, 
17] and others.

Among various methods of ZnO synthesis, 
thermal decomposition is a relatively inexpensive 
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method that does not require expensive raw 
materials and complex equipment. Studies [18-
20] confirm that the synthesis of nanoparticles by 
this method proceeds without organic and toxic 
solvents, and the obtained zinc oxide samples 
have high activity and high specific surface 
area. Depending on the synthesis parameters, 
ZnO particles of various sizes and morphologies 
are formed [21]. Studies [22-24] have shown a 
strong dependence of microstructure and physical 
properties of synthesised ZnO samples on the 
synthesis temperature.

In the presented work, the influence of factors such 
as temperature and synthesis time on the structural 
properties and morphology of the synthesised 
samples has been studied.

2 Description of the experiment and discussion 
of the results

The synthesis of ZnO NPs nanoparticles was 
carried out by thermal decomposition of zinc acetate 
dihydrate (CH3COO)2Zn×2H2O in a muffle furnace in 
atmosphere at temperatures of 400°C and 700°C, the 
duration of annealing was 2, 4, 6 and 10 hours. Zinc 
acetate was placed in a ceramic crucible covered with 
a ceramic lid. The mass of the obtained ZnO NPs 
sample was (1/4 – 1/3) of the mass of zinc acetate. 
According to [25], the main weight loss is due to 
the evaporation of acetone ((CH3)2CO) and carbon 
dioxide (CO2) in the precursor. The process occurring 
during the formation of ZnO can be explained by the 
following reactions [25]:

By this method samples at 400°C: #1 (annealing 
duration 2 hours), #2 (annealing duration 4 hours), #3 
(annealing duration 6 hours), #4 (annealing duration 
10 hours), at 700°C: #5(annealing duration 2 hours), 
#6 (annealing duration 4 hours), #7 (annealing 
duration 6 hours), #8 (annealing duration 10 hours) 
were synthesised.

The prepared ZnO samples were investigated 
by scanning electron microscopy. Figures 1, 2 and 

 
 

Zn(CH3СОO)2 +2Н2О  Zn(CH3COО)2 + 2Н2O↑, 

4Zn(CH3CОO)2 +2Н2О  Zn4O(CH3CОO)6 + 2CH3COОН↑, 

Zn4O(CH3CОO)6 +3Н2О  4ZnO + 6CH3CОOН↑, 

Zn4O(CН3СОО)6  4ZnO + 3СН3СOСН3↑+ 3CO2↑. 
 

  
Table 1 show the results of SEM morphology of ZnO 
powders synthesised by thermal decomposition of 
zinc acetate.

Samples #1, #2, #3 and #4 are samples 
synthesized by thermal decomposition of zinc acetate 
in an atmosphere at 400°C for two, four, six and ten 
hours, respectively. Samples #5, #6, #7 and #8 were 
synthesized at 700°C for two, four, six and ten hours, 
respectively.

Table 1 – Physicochemical properties of ZnO nanoparticles.

Sample
SEM Aspect Ratio 

(AR), l/d
Cell parameters, Å

Thickness d, nm Length l, nm a c
#1 55±20 450±50 8.2 3.255 5.214
#2 65±20 580±50 8.9 3.252 5.210
#3 67±20 625±50 9.3 3.246 5.201
#4 68±20 650±50 9.6 3.245 5.200 
#5 105±20 250±50 2.4 3.253 5.212
#6 125±20 350±50 2.8 3.253 5.211
#7 130±20 635±50 4.9 3.247 5.203
#8 150±20 780±50 5.2 3.243 5.197
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Figure 1 – SEM of ZnO samples synthesized by thermal decomposition  
of zinc acetate in an atmosphere at 400°C: (a) #1, (b) #2, (c) #3 and (d) #4 

The electron microscopy study showed that 
annealing at 400°C produces thinner long ZnO rods 
(Figure 1). At annealing of zinc acetate at 700°C 
oblong ZnO particles are formed, geometrical 
parameters of which slightly increase at longer 
annealing of ZnAc2 (Figure 2).

Figure 3 shows the results of the synthesised 
nanoparticles as well as the plant sample of ZnO by 
XRD analysis. XRD measurements were performed 
under the same conditions for all samples. All 
investigated ZnO samples show hexagonal wurtzite 

structure. ZnO samples obtained by thermal 
annealing of zinc acetate in air have a structure 
close to the reference sample (JCPDS map No. 70- 
8072) with lattice parameters a – 3.2465 Å and c – 
5.2030 Å. It was observed that the [100], [101] and 
[002] reflexes had the highest intensity, with the 
intensity of the reflexes increasing with increasing 
annealing duration. Among all the diffraction 
peaks, the intense reflex (101) (Figure 3) stands out 
especially, demonstrating the crystalline nature of 
ZnO nanoparticles.
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Figure 2 – SEM of ZnO samples synthesized by thermal decomposition 
 of zinc acetate in an atmosphere at 700°C: (a) #5, (b) #6, (c) #7 and (d) #8

The synthesized samples #1 – #8 were also 
studied by Raman spectroscopy. Raman spectra of 
the samples obtained by annealing zinc acetate at 
400°C are shown in Figure 4, where the bands of 
vibrational modes are observed: D at ~ 1379 cm-1 

and G at ~1584 cm-1, characteristic of the structure of 
nanocrystalline graphite, as well as modes ~ 99 cm-1 
and ~ 438 cm-1, which correspond to the peaks of zinc 
oxide. Increasing the annealing time of zinc acetate 

promotes the appearance of the ZnO mode ~ 438 cm-

1, which indicates the crystallisation of the samples.
The analysis of Raman spectra of the studied ZnO 

samples showed that at the annealing temperature of 
400°C there are ZnO peaks and amorphous carbon 
phase. It was noted that the increase of annealing 
duration and temperature increase up to 700°C 
favours the increase of Raman signal, formation and 
improvement of ZnO crystal structure.
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Figure 3 – X-ray diffraction patterns of ZnO samples obtained 
by annealing zinc acetate in atmosphere

Figure 4 – Raman spectra of ZnO samples obtained by thermal decomposition  
of zinc acetate in an atmosphere at 400°C: (a) #1, (b) #2, (c) #3 and (d) #4 
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Figure 5 – Raman spectra of ZnO samples obtained by thermal decomposition  
of zinc acetate in an atmosphere at 700°C: (a) #5, (b) #6, (c) #7 and (d) #8

Figure 5 shows that upon annealing zinc acetate 
at 700°C, the following modes are observed: ~ 99 
cm-1, 378 cm-1, 438 cm-1, 574 cm-1, corresponding to 
zinc oxide nanocrystals with wurtzite structure. The 
narrow band at 438 cm-1 indicates good crystallinity 
of the ZnO samples, while the relatively narrow mode 
band at 378 cm-1 indicates particle ordering. The 
energies of phonon scattering active in ZnO samples 
are in satisfactory agreement with the known data for 
ZnO crystals.

The spectrum in Figure 5 also shows bands at 
1117 cm-1, 1376 cm-1 and 1588 cm-1, characteristic of 
amorphous carbon films. With increasing annealing 
time, the intensity of the peaks of amorphous silicon 
decreases, while the intensity of the vibrational 
modes of crystalline ZnO increases.

Conclusions

ZnO nanoparticles with different morphology 
were synthesized by thermal decomposition method. 
It is shown that all samples absorb light in the UV 
range. It is shown that the obtained ZnO samples have 
a structure close to the reference sample (JCPDS map 
No. 70-8072) with lattice parameters a – 3.2465 Å 
and c – 5.2030 Å. Among all the diffraction peaks, 
an intense reflex (101) is particularly prominent, 
demonstrating the crystalline nature of ZnO 
nanoparticles. The analysis of Raman spectra of the 
investigated ZnO samples showed that increasing the 
annealing duration and increasing the temperature 
up to 700 °C favours the increase of Raman signal, 
formation and improvement of the crystal structure 
of ZnO.
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