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Abstract

Zinc oxide nanoparticles were synthesized by hydrothermal method using zinc acetate
dihydrate as a metal precursor and NaOH at pH 9 using different temperatures: 100°C, 120°C
and 135°C for 1 hour, separately. The synthesized zinc oxide nanoparticles were
characterized by X-ray diffraction (XRD), UV-Visible spectroscopy (UV-Vis), Fourier
Transform Infrared spectroscopy (FT-IR) and diffuse reflectance spectroscopy. Crystal sizes,
band gap and color axes of the synthesized nanoparticles samples were determined using

XRD and DRS spectroscopy.
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1. Introduction

Nanomaterials, with their special
qualities, are considered one of the most
promising new materials of the twenty-
first century and play an indispensable role
in many fields. Because of their minuscule
sizes and sharply increased specific
surface area, nano-zinc oxides exhibit
unique characteristics in the areas of

magnetic, optical, electrical, chemical, and

catalytic aspects. Thus, the nano-zinc
oxides have been applied as a novel kind
of inorganic material with multiple uses
[1]. With a large bandgap and a high
exciton binding energy, zinc oxide is a

transition metal oxide semiconductor.

ZnO is therefore one of the most
favored materials in the field of
optoelectronic research [2]. It is an

inexpensive substance that is widely found
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in nature[3]. Zn0O nanoparticle
morphology is easily modifiable[4]. ZnO

nanostructures have high electron mobility

[5].

Various synthesis methods have
been developed and classified into three
main groups: chemical, biogenic, and
method).
Electrodeposition, magnetron sputtering,

physical (green

pulsed laser deposition, and electron beam
evaporation are examples of physical
procedures[6-10]. The path of chemical
synthesis includes the following methods:
spray pyrolysis,
hydrothermal,  solvothermal,  sol-gel,

microemulsion,

chemical bath deposition, wet chemical
process, precipitation and combustion[11-
19]. The biogenic synthesis of metal oxide
nanoparticles is mediated by microbes or
plants, and the resulting extracts are
biocompatible and can act as stabilizing
agents for the NPs. The environment is
poisoned by chemical synthesis, but pure,
desirable crystals with great stability and
yield are generated [20]. Numerous
researchers have been drawn to the
hydrothermal approach due to its many
benefits, which include low cost, easy
preparation, and minimal equipment
requirements [21]. The primary
determinants of nanoparticle morphology
solution

are  temperature,  reacting

concentration, and reaction time. This in

turn has an effect the physical and

chemical properties of nanoparticles [2].

In this work, zinc oxide is prepared
using hydrothermal method at different
method  (100°C, 120°C, 135°C)
separately. pH of solution mixture is kept
as 9. Several instruments are used to
characterize the produced zinc oxide

nanoparticles.
2. Experimental details

2.1. Materials and reagents
Zinc acetate

Zn (CH3C00) ,.6 H20 (purity 98%).

sodium hydroxide NaOH sheets (purity

hexahydrate

98%) from Al-Nasr Chemicals Company.
During the experiment, distilled water was
utilized.

2.2. Synthesis

20 mM Zinc acetate was dissolved
in 30ml distilled water under stirring for
30 min. After completely soluble then 3 M
NaOH was added drop by drop to reach
pH 9. Drop by drop, the NaOH solution is
added to the old gel while being constantly
stirred. This solution mixture was
transferred into Teflon lined sealed
stainless-steel autoclaves and kept in
hydrothermal oven at a temperature of 100
°C for 1 h. The beaker was then allowed to
cool naturally to room temperature
outside. After filtering, the resulting

solution was rinsed with distilled water
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and allowed to dry at 70°C. The measured by (Jasco; model V 670)
experimental procedure is repeated for 120
°C and 135 °C by keeping 1 hour fixed,

and samples were named as Z1, Z2 and Z3

spectrophotometer.

3. Results and discussion

respectively. 3.1. XRD study

5 3. Characterization Figure (1) showed XRD patterns of

Crystal structure and  average the ZnO nanoparticles prepared by
hydrothermal method in the range of 10-
70°. The synthesized zinc oxide (Z1, Z2

and Z3) appeared the pure phase of zinc

crystallite size were measured by XRD
Rigaku Mini Flex 600 diffractometer.
purity of samples was confirmed by FT-IR
model BRUKER ALPHA 11 at from 4000
to 400 cm'. UV-Visible absorption is

oxide according to card no (1011258,
2107059), (8) and (2300112) respectively.
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Figure (1): XRD patterns of the synthesized zinc oxide at different temperatures (Z1, Z2 and

Z3 samples) using hydrothermal method.

the average crystalline size of these
nanoparticles was determined by the
Debye Scherrer equation as shown in

equation (1)

D =k MB cos0, Q)

where B is the full-width half maximum, k
is the Scherrer constant, D is the crystallite
size, and A is the wavelength of X-ray.
XRD shows that the average sizes are 32
nm, 52 nm and 57 nm for Z1, Z2 and Z3

respectively.
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3.2FTIR

(FT-IR) of the prepared zinc oxide
(Z1, Z2 and Z3 samples) was in the range
of 400-4000 cm™ shown in figure (2).
peaks at 420-450 cm' related to the

vibration of Zn-O in zno lattice. The

bending and stretching vibration modes of
the adsorbed water on the surface of the
produced zinc oxide nanoparticles are
represented by the absorption peaks at
1610-1615 cm* and 3400-3450 cm *[22].

transmittance (a.u)

4000 3500 3000

2000 1500 1000 500

wavenumber (cm™)

Figure (2): FT-IR patterns of the synthesized zinc oxide at different temperatures (Z1, Z2

and Z3 samples)

3.3 Optical Studies

UV absorption spectra of the
obtained zinc oxide (Z1, Z2 and Z3)
between 200 and 800 nm are examined.
Figure 3 displays the UV-Vis and NIR
diffuse reflectance spectra of the samples.
The Z1, Z2, and Z3 samples exhibit the
reflectance edge at 369 nm, 371 nm, and
372 nm, respectively. The diffuse
reflectance data is regenerated into

equivalent absorption coefficients ()

using the Kubelka—Munk function, as
shown in Fig. 4. The Kubelka Munk

function can be found using Equation (2)
F(RE) = (1 — RE)?/2RE 2)

RE: the reflectance data of the
sample. F(RE): Kubelka Munk function.

The absorption band for Z1, Z2,
and Z3 is located at 366 nm, 370 nm, and
361 nm, respectively, in the zinc oxide

spectrum.
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Figure (3): UV-Vis diffuse reflectance spectra of the synthesized zinc oxide at

different temperatures (Z1, Z2 and Z3 samples).
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Figure (4): UV-VIS and NIR absorption spectra of synthesized zinc oxide at different
temperatures (Z1, Z2 and Z3 samples).
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The Eq. can be used to calculate
the prepared powder's direct and indirect

band gaps.
(F(RE)hv) =D(hv — Eg)"

The energy function is F(hv).  the

reflectance of the samples is R. D is
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constant and the value of n, which depends
on the permitted direct and indirect

electronic transitions, ranges from 1/2 to 2.

As seen in Fig 5, the direct and
indirect band gaps are calculated utilizing
the relationship between (F(RE)hv)*/"and
(hv).
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Figure (5): direct band gap calculation (a—c) and indirect band gap calculation (d—f) of the

synthesized zinc oxide (Z1, Z2 and Z3 samples).

In accordance with the CIE-lab and
CIE-LCH

parameters

analysis  procedures, color

were  determined  using
colorimetric techniques. (91.85/-1.57 /0.27

/ 1.59/ 170.41), (91.97/-1.29 /-1.47 | 1.96/

228.82), and (95.14/-1.56/ -1.17/ 1.95/
216.93) were the L/a/b/c/H values for Z1,
Z2, and Z3, respectively. The parameters
showed the high lightness of all samples.
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[1ISK5602: 2008 and JISA5759:
2008 techniques were used to determine
the synthesized sample's light and solar
reflectance. According to JISA5759: 2008,
the light and solar reflectance values for
Z1, 72, and Z3 were (87.95 % / 76.16 %) ,
(80.36 % / 67.66 %) , and (80.64 % / 68.36
%) respectively. Moreover, the solar
reflectance for Z1, Z2, and Z3 was found
to be (81.82 % / 67.43 % / 75.43 %),
(74.64 % / 56.82 % / 66.73 %), and (75.47
% / 5717 % [/ 67.36 %) using the
[1ISK5602: 2008 technique. The extracted
data showed that the synthesized samples

have high light and sun reflectance.

4. Conclusion:

Zinc  oxide synthesized by

hydrothermal method under different
reaction temperatures (100°C, 120°C and
135°C). The

nanoparticles (Z1, Z2, and Z3 samples)

obtained zinc  oxide
have been studied using a variety of
techniques, including FT-IR, DRS, and
XRD. The crystal of nanoparticles is
determined to be 32 nm, 52 nm and 57 nm
for Z1, Z2 and Z3 respectively. The
structural characteristics of nanomaterials
were shown changed in response to a
change in reaction temperature by XRD
analysis. The direct
determined to be 3.15, 3.175, and 3.15 eV,
respectively. The indirect band gaps are

determined to be 3.07, 3.09 and 3.06 eV,

band gaps are

1.

3.

respectively. According to colorimetric
techniques, the synthesized samples have
high lightness. The synthesized samples of
zinc oxide have high light and sun

reflectance.
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