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Abstract

Zinc oxide nanoparticles were prepared by hydrothermal technique under various conditions. The influence of
temperature on structure of zinc oxide nanoparticles was studied by x-ray diffraction (XRD) patterns, which
confirm the polycrystalline structure of zinc oxide samples. A well-defined diffraction peak at about 36° (101)
was observed and this major peak indicates that the hexagonal Structure (ZnO) of zinc oxide was obtained.
The field emission-scanning electron microscopy (FE-SEM) studied the surface covered with nanoparticles
,where have different shapes( nanosheets, star shapes and rod), as well as having uniformly distributed over
the entire surface and shows that these particles are with average diameter (80.01) ,(60.56) and (152.18)nm
respectively. The uv-vis observed small peaks in range (386)nm, absorbance in this region is due to the
formation of zinc oxide nanoparticles and the energy band gap was determined in the range 3.1-3.3 eV. The
PL spectra showed The recombination of free excitons in the near-band-edge of ZnO caused the peak of the
emission locked at around 400 nm in the UV region. FTIR analyses demonstrated Peaks at 564,563 and 750
cml are the typical absorption of Zn-O bonds and higher purity of prepared ZnO nano-materials'.
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Introduction

Transition metal oxide semiconductor nanoparticles have different mechanical, optical, and electrical
characteristics. Because of their size and form, these nanostructures may be employed in a variety of areas. [1]
Solar cells, light-emitting diodes, gas sensors, and biological probes can all benefit from nanoparticles of various
shapes, such as nanorods, nanosheets, and nanobelts. Unit dimensions, form, crystallinity, and lattice constant
For a variety of uses [2] Nanoparticles are important in the choosing of these materials. Because the energy
problem is expected to be one of the most serious concerns in the near future, research in this area has already
begun. , [3,4] optical and electrical properties are exhibited by nanoparticles of ZnO, NiO, TiO2, and other
materials, which are crucial for the operation of optoelectronic devices [5] We can offer materials for fabrication
units with the aid of structural and optical characterization. The wide bandgap and high exciton binding energy
are characteristics of the transition metal oxide semiconductor zinc oxide. Hence Because it belongs to the
second and sixth groups of the periodic table, zinc oxide is a semiconductor. It has a direct energy gap which is
quite large at (3.37 eV) supplies for electron-gap construction is one of the most preferable materials in
optoelectronic research field [6]. It is a low-cost substance that is abundant in nature [7]. ZnO nanoparticles are
transparent to visible light while absorbing UV rays. It is a less poisonous, more resistant, and long-lasting
substance [8,9]. The morphology of ZnO nanoparticles may be easily modified [10]. Electron mobility in ZnO
nanostructures is high [11]. For the synthesis of nanomaterial, many approaches such as chemical vapor
deposition, spray pyrolysis, sol-gel method, hydrothermal method, and others are currently available. Techniques
for preparation are quite significant in[12,13]. The special advantages of the hydrothermal technique, such as its
low cost, minimal preparation needs, and simple equipment, have piqued the interest of various researchers
[14].1t is a method that is kind to the environment. The hydrothermal process can be used to change the size and
shape of nanomaterial. The key determinants of nanoparticle morphology are reaction rate, reaction temperature,
and solution concentration. The physical and chemical characteristics of nanoparticles are then impacted by this.
Particles are chosen for various uses according to their shape. In this study, we focus primarily on how reaction
factors affect the structural and optical characteristics of nanoparticles. Here, the temperature ranges from 100°C
to 150°C, and the hydrothermal reaction. Ph of solution mixture is kept as 12 to understand its impact on the
development of nanomaterial’s [15-17]. Small variations in particle form at the Nano scale have a large influence
on their structural and optical characteristics. Reaction parameters can be viewed as tuning factors for the
production of nanomaterial that meet our requirements. The influence of temperature on the structural and
optical characteristics, as well as the surface nature, was studied in this study over a temperature range not
exceeding 150 ° C.

Experimental details:

Sigma-Aldrich zinc chloride (ZnCl,) and ammonia hydroxide (NH,OH) granules without further purification, all
compounds were used of analytical grade. During the experiment, Distilled water was used. The nanoparticles
were prepared by using hydrothermal technique. 100 ml of distilled water was used to prepare of 4 g solution of
zinc chloride which was stirred for 30 minutes. 25 ml of ammonia-containing NH,OH solutions were prepared
by adding 5 mL of NH, to 20 ml of distilled water and stirring for 1 min. Dropping the NH,OH in the Zinc
chloride, and stirring the solution until the pH of the reactants reaches 12. Then the solution was put inside
stainless steel container with Thermal-Teflon on its walls, and was firmly closed. This container was put inside
oven, for 120 min, and temperature was changed 100, 125, and 150 C. After that, the solution was cooled to
room temperature. The result was filtered before being washed with distilled water and placed in a container to
dry inside oven.

XRD (6000 SHIMADZ made in japan) was used to measure the average crystallite size and crystal structure. By
using an FTIR Model Spectrum TWO Perkin Elmer. (4000 cml to 450 cml), the bonding and purity of the
samples were validated. The samples' morphology was examined using FE SEM inspect f 50 fe company.
Spectrophotometer Model Lambda 365 Perkin Elme Spectrum range 190-1100 nm double beam was used to
measure UV absorption. Spectrophotometer. The Fluoromax spectrofluorometer is used to observe
photoluminescence

Results and discussion

X-Ray diffraction of ZnO powder

Figure (1a,b,c) shows XRD diffraction patterns of ZnO powder at (100,125 and 150) °C with constant time 120
min, which prepared by hydrothermal method. It appears from the X-ray spectrum that the ZnO powder has a
polycrystalline structure with 11 peaks in the diffraction spectrum which are (100) ,(002) ,(101), (102), (110),
(103), (200) ,(112) ,(112) ,(201) ,(202) this corresponding with the JCPDS data ((JCPDS card No. 79-0207))
which refers to a hexagonal Structure [18-19]. The crystallite size values of ZnO powder were calculated by
measuring of half width of the peak maximum intensity (FWHM), and (20) of the directions’ peaks using
Scherer's equation as shown in Table (1a,b,c). The strong and narrow peaks may be ascribed to the preferential
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growth along (101) plane of ZnO crystallites. The strain (&) and dislocation density (x) were calculated and
listed in Table (1)
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Fig.(1) XRD diffraction of ZnO powder : (a) at 100 °C, (b) at 125 °C and (c) at 150 °C, with constant time 120
min .

Volume-04 | Issue-03 | March | 2026 https://iphopen.org/index.php/se 27



é OPEN IPHO-Journal of Advance Research in Science And Engineering (IPHO)

Table (1a) ) Shows structural parameters crystallite size and FWHM of ZnO nanoparticle.

7 7
0 d observed D O 0 0
deg deg

31.8 2.8 0.50 29.24 11.84 11.69

34.4 2.60 0.48 30.46 11.73 10.77
36.2 2.47 0.49 29.24 11.61 11.32
47.6 1.91 0.48 30.46 11.37 10.77
56.6 1.62 0.47 30.10 11.37 10.33
62.8 1.47 0.48 30.46 11.37 10.77
66.4 140 0.47 31.10 11.13 10.33
68.8 1.37 0.49 29.84 11.61 11.23
69.2 1.35 0.52 28.11 12.32 12.64
73.4 1.29 0.50 29.24 11.84 11.69
77.1 1.23 0.49 29.84 11.61 11.23

Table (1b) ) Shows structural parameters crystallite size and FWHM of ZnO nanoparticle..

20 d observed  FWHM D sx10% g x10*
(deg) (4) (deg) (nm) lines.m?  linesZm™
318 2.81 0.5 29.24 11.84 11.69
34.4 2.60 0.48 30.46 11.37 10.77
36.2 2.47 0.49 29.84 11.61 11.23
476 1.91 0.48 30.46 11.37 10.77
56.6 1.62 0.47 31.10 11.13 10.33
63 1.47 0.48 30.46 11.37 10.77
66.4 1.40 0.47 31.10 11.13 10.33
68 1.37 0.49 29.84 11.61 11.23
69.2 1.35 0.52 28.11 12.32 12.64
72.8 1.29 0.5 29.24 11.84 11.69
77 1.23 0.49 29.84 11.61 11.23

Table (1c) Shows structural parameters crystallite size and FWHM of ZnO nanoparticle.

7 7
v d observed D O 0 ],
deg 4 deo e g

31.8 0.18 0.50 81.23 4.26 1.51
34.4 0.17 0.48 86.01 4.02 1.35
36.2 0.18 0.49 81.23 4.26 1.51
47.6 0.18 0.48 81.23 4.26 1.51
56.6 0.17 0.47 86.01 4.02 1.35
63 0.17 0.48 86.01 4.02 1.35
66.4 0.18 0.47 81.23 4.26 1.51
68 0.17 0.49 86.01 4.02 1.35
69.2 0.17 0.52 86.01 4.02 1.35
73 0.17 0.50 86.01 4.02 1.35
77.2 0.17 0.49 86.01 4.02 1.35

Field emission Scanning electron microscope of ZnO

. Figure (2a,b,c) shown FE-SEM images, show that the surface is covered with particles have different shapes(
nanosheets, star shapes and rod), which are uniformly distributed over the entire surface and shows that these
particles are with average diameter (80.01) ,(60.56) and (152.18)nm respectively, where it note some of
particles tend to agglomerates. This result agree with [20,21].
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Fig. (2) FE-SEM images of ZnO: (a) at 100C, (b) at 125 C and (c) at 150 C, with constant time 120 min.

Optical properties (UV-Visible spectroscopy)

Figure (3) shows absorbance spectra of ZnO colloidal in range (200-1100), it observed small peaks in range
(386)nm, absorbance in this region is due to the formation of zinc oxide nanoparticles [22] . The absorption peak
centred at 386 nm is the characteristic peak for hexagonal wurtzite ZnO, this corresponding with XRD results
[23].
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Fig. (3) UV-Visible spectra of ZnO NPs: (a) at 100C, (b) at 125 C and (c) at 150 C, with constant time 120 min.

Through Tauc equation by plotting the relation (o hv)? versus photon energy (hv) and extrapolation the linear
portion of the curve to absorption equal to zero as given in Figures (3 a,b,c). The energy gap of ZnO at (100,125
and 150) C with constant time 120 min, which prepared by hydrothermal method was found (3.1,3.2 and 3.3)eV
respectively as shown in Figure (3a,b,c). The amount of reflectivity depends on the incident wavelength, the
surface roughness, and the angle between the incident beam and the surface of the cell. Figure (4) shows the
reflectance of ZnO, as function of wavelength in range (200-1100)nm. It note the values of the reflectance
decrease at short wavelengths (<400nm) to record 0.08,0.07 and 0.17 at wavelength 200nm.
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Figure (4) Reflectance spectra of ZnO: (a) at 100C, (b) at 125 C and (c) at 150 C, with constant time 120 min.

The refractive index is an important parameter for semiconductor materials and applications, the refractive index

0.5
calculated from the relationship ( n = 1i2045) to all samples. The refractive index as a function of the

reflectivity (R), depends on several factors, including the type of material and the crystal structure, the refractive
index values vary depending on the change of roughness of the samples surface. Figure (5) shows change of
refractive index of ZnO a function of wavelength in range (200-1100) nm for all samples, the curves similar to
the reflectivity curve of each sample. The Refractive index reaches its maximum value of (2.9, 1.9 and 2.6) at
wavelength 400 nm. it note the refractive index change with increase temperature This can be attributed to the
changes induced in crystalline size and microstrain of ZnO crystals that leads to change in surface morphology
and vacancies inside the crystal structure.

Volume-04 | Issue-03 | March | 2026 https://iphopen.org/index.php/se 30



-

IPHO-Journal of Advance Research in Science And Engineering (IPHO)

? J”f - e
c 1.5 - 100 C

—125C

150C
0.5 -

200 400 600 800 1000
Wavelength (nm)

Fig. (5) refractive index of ZnO: (a) at 100C, (b) at 125 C and (c) at 150 C, with constant time 120 min.

The optical characteristics of ZnO NPs generated by hydrothermal technique were investigated using a
photoluminescence (PL) research at room temperature. Figure (6) shows PL spectra (6). The PL spectra of ZnO
showed two peaks. The recombination of free excitons in the near-band-edge of ZnO caused the peak of the
emission locked at around 400 nm in the UV region. The Si substrate was usually ascribed to the other peak,
which displayed widespread emission in the IR range. It is worth noting that the peak at 600nm in the sample at
125 C was attributable to oxygen vacancies. [24,25],
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Fig.(6) PL spectrum of ZnO at 100C, 125 C and 150 C, with constant time 120 min.

200

The FT-IR spectra of ZnO NPs generated by hydrothermal technique with a wavenumber range of 500 to 4500
cml is shown in Fig (7a,b,c). take note of Peaks at 564,563 and 750 cml are the typical absorption of Zn-O
bonds; peak absorption in this range indicates hexagonal phase ZnO, which corresponds with XRD; peak at 3404
cml is the absorption of O-H. The range (2926 and 2855 cm-1) is connected to C-H, and the peak at 2359 cm-1
can be attributed to C=C absorption. Peak at 1744 cm-1 can be ascribed to C=0 absorption, whereas peaks at
1653, 1456 cm-1, and 1076 cm-1 are connected to C-H and C-N, respectively [26,27].

Volume-04 | Issue-03 | March | 2026 https://iphopen.org/index.php/se 31



é OPEN IPHO-Journal of Advance Research in Science And Engineering (IPHO)

=0 \ C-H O-H
76 T w T T C — C T T T 1
500 1000 N’;OO 2000 2500 3000 3500 4000 4500

Wavelength (nm)

72 -

70 -

68 -

Zn-0

T%

66 -

64 -

*c-o0 ©

60 CN C+.I

450 950 1450 1950 2450 2950 3450 3950 4450

62 -

Wavenumber (cm-1)

T%

450 950 1450 1950 2450 2950 3450 3950 4450
Wavenumber (cm-1)

Fig.(7) FTIR spectrum of ZnO : (a) at 100C, (b) at 125 C and (c) at 150 C, with constant time 120 min.
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Conclusion

High quality and homogeneity Zinc oxide (ZnO) nanoparticles were successfully prepared using hydrothermal
technique. As a preparing condition, temperature plays a key role for controlling the structural characteristics of
such oxide. An increase in temperature by no more than 200°C then it starts to decompose can change the
nanostructure shapes (hanosheets, star shapes and rod), as well as change average diameter of the nanoparticles.
The uv-vis was observed, a increase in energy band gap in the range 3.1-3.3 eV. The PL spectra showed the
recombination of free exactions in the near-band-edge o caused the absorbance of incident rays in the longest
wavelength range in ultraviolet rays. FTIR analyses demonstrated the typical absorption of Zn-O bonds and
higher purity of prepared ZnO nano-materials'.
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