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Abstract

The synthesis of ZnO and ZnO/Au nanoparticles using the laser ablation method in liquid
has been successfully carried out. Characterizing the optical properties of ZnO and

ZnO/Au using a UV-Vis Spectrophotometer (Ocean Optic MAYA Pro 2000) measured
in the wavelength range of 275-875 nm. The characterization results obtained are
absorbance and band gap values of ZnO and ZnO/Au nanoparticles. This study found the
absorbance values of ZnO nanoparticles at wavelengths 330 and 335 nm. After obtaining
the absorbance value, the band gap value was analyzed for ZnO and ZnO/Au
nanoparticles, respectively, 3.23 eV and 3.17 eV. The decrease in the band gap value in
ZnO is due to the presence of Au in ZnO nanoparticles which can replace one of the
lattices in the ZnO crystal structure.
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INTRODUCTION

Zinc Oxide (ZnO) is a metal oxide that is a
semiconductor with a wide band gap (3.37 eV) and
has violet absorption in the ultraviolet (UV) at room
temperature (Fageria et al., 2014). ZnO is considered
one of the most widely used metal oxides for various
applications today. In particular, ZnO can be used as
optoelectronic, piezoelectric, and photochemical
materials. ZnO is a multifunctional material because
of its outstanding properties, high resistance
efficiency, high absorbance peak in the UV region,
piezoelectric crystals, transparency, and good
electrical conductivity (Jaber et al., 2021). In
addition, various ZnO nanostructures such as ZnO
nanorods, nanowires, nanobelts, nanocombs, and
nanoparticles (NPs) can be synthesized and studied
for their optical properties. They can be adapted by
changing their morphology, structure, size, and
surface state. ZnO in the form of nanoparticles is one
of the ZnO nanostructures that has attracted much
attention because it has more potential in its
application. In addition, doping and surface
decoration can change the properties of ZnO
nanoparticles, expanding the application scope of
Zn0O nanoparticles and improving the performance of
Zn0-based applications. In the photovoltaic field,
ZnO nanoparticles and composites containing ZnO
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nanoparticles are considered promising metal oxides
(Chen et al., 2020).

ZnO nanoparticles have the potential for
photocatalytic applications (Mulyati & Panjaitan,
2021). The ZnO nanoparticle photocatalytic
performance can be improved by doping, decorating,
or forming heterostructures with other materials (Yao
et al., 2021). However, ZnO has a significant
disadvantage as a photocatalyst, namely its low
charge separation efficiency. Therefore, efforts have
been made to modify the physical and chemical
properties of ZnO by introducing metal impurities to
shift the ZnO valence band gap to the conduction
band region and reduce the band gap energy to the
UV region (Kumar, 2017). Increasing the
photocatalytic activity of ZnO as a catalyst can be
doped with precious metals. Doping is a way to
change the electrical and optical properties of
semiconductors. Doping is done to increase the
conductivity of ZnO. In this study, the starting metal
to be used is Au. Au is an element that can be used as
a dopant because it can be an absorber to collect
electrons from the ZnO conduction band (Rutu et al.,
2020), and it is essential in inhibiting electron
recombination. The precious metal doped ZnO will
affect the optical and structural properties (Pathak et
al., 2018).
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Many methods can synthesize nanoparticles
(Taba et al., 2019). One of them is synthesizing ZnO
nanoparticles using a laser ablation method in a
liquid. The laser ablation method in liquid is a simple
method to produce nanoparticles. Laser ablation has
several advantages compared to other techniques.
The nanoparticles produced are of high purity
because they do not involve chemicals during the
synthesis process and only require pure metal and a
liquid medium such as deionized water (Avicenna et
al., 2021). The laser ablation mechanism depends on
the physical properties of the metal and the
environmental medium. The ablation of metal begins
with the absorption of laser light energy. When the
laser beam interacts with a metal target, it will
photoionize the metal. Afterward, the metal
nanoparticles will be released from the metal plate in
different phases depending on the absorbed energy
(Reza Sadrolhosseini et al., 2019).

Based on the explanation above, ZnO/Au has
been synthesized using the laser ablation method in
liquid and will determine the change in band gap
value between ZnO and ZnO nanoparticles doped
with Au.

METHODOLOGY

Materials and Instrumentals

The tools used in this research are Nd: YAG
laser, Analytical Balance, UV-Vis
Spectrophotometer (Ocean Optic MAYA Pro 2000),
micropipette, glass equipment: measuring flask,
measuring pipette, measuring cup, Erlenmeyer and
beaker. As for the materials used in this study,
namely the Zn Plate (1.6 x 1.6 cm) with a plate
thickness of £3mm, the Au plate (99.9%) with a plate
thickness of +3mm, and the solution used in the
synthesis process, namely aquabidest.

Methods

Synthesis of ZnO/Au. Nanoparticles

The synthesis of ZnO/Au nanoparticles using
the laser ablation method in a liquid was carried out
in two stages. This method is by research by
(Anugrahwidya et al., 2020). First, the zinc plate was
ablated for 30 minutes (pure ZnO and ZnO/Au
samples). The resulting ZnO colloid will be used for
Au plate ablation. Second, the Au plate was ablated
in ZnO colloid for 1 minute to produce ZnO/Au
nanoparticles (Figure 1). Furthermore, the band gap
values between ZnO and ZnO/Au nanoparticles will
be analyzed. The band gap values are derived from
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absorbance and wavelength data obtained from UV-
Vis measurements.

@@ (®)
Figure 1. (a) ZnO nanoparticle (b) ZnO/Au
nanoparticle

—

Absorbance Measurement using UV-Vis

The absorbance values of ZnO and ZnO/Au
nanoparticles were measured using a UV-Vis
Spectrophotometer (Ocean Optic MAYA Pro 2000).
Characterization using UV-Vis aims to obtain
absorbance in the wavelength range of 275-825 nm.
Thus, the band gap value of each sample can be
determined using the Tauc Plot method.

RESULTS AND DISCUSSION

The Optical Properties Characterization of ZnO
doping Au and ZnO Nanoparticles.

ZnO and ZnO/Au nanoparticles synthesized by
laser ablation method in liquid were characterized
using a UV-Vis spectrophotometer (Ocean Optic
MAYA Pro 2000) at a wavelength of 275-825 nm.
The measurement aims to determine the absorbance
and band gap values of ZnO and ZnO/Au
nanoparticles. The absorbance spectra of ZnO and
ZnO/Au nanoparticles are presented in Figure 2.

ZnO
ZnO/Au

Absorbance
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275 550 825
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Figure 2. Graph of the absorbance spectra of ZnO
and ZnO/Au nanoparticles
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Based on the graph in Figure 2, it can be seen
that the absorbance values of ZnO nanoparticles are
at wavelengths 330 and 335 nm. The absorbance
value of Au is at a wavelength of 525 nm. This
number shows that the absorbance of 2ZnO
nanoparticles is in the ultraviolet region and is in line
with research that has been carried out by (Yudasari
et al.,, 2021) showed that ZnO nanoparticles had
absorbance values at wavelengths between 300 to
400 nm. This condition is caused by the absorption
of the ZnO semiconductor when electrons move from
the valence band (VB) to the conduction band (CB)
(Anugrahwidya et al., 2020)

At each addition of the ablation time, the
wavelength shifts to the right or towards the redshift
area. The wavelength values obtained respectively
330 nm and 335 nm, as shown in Figure 2. This
result is because, when Zn metal is ablated, Zn
nanoparticles will be released from the metal surface
subjected to the laser, causing a change in the crystal
structure of Zn. The resulting nanoparticles will
come out and spread in the liquid (aquabidest) and
oxidize with the surrounding oxygen. When the Au
atoms are doped to ZnO, the Au atoms will occupy
the Zn position in the ZnO lattice (Sathya et al.,
2017).

Determination of Band gap Value of ZnO and
ZnO/Au Nanoparticles

Based on the data from UV-Vis measurements
that have been obtained, these data are used to
determine the band gap value of ZnO and ZnO/Au
nanoparticles using the Tauc Plot method as in
equations (1) and (2) (Makuta et al., 2018)

hv
B = @
ahv = (2,303 x A X hu)" (2)

With the speed of light, h Planck’s constant,
wavelength, o is the absorption coefficient, A is the
proportional constant, E, is the band gap energy
value, and n indicates the nature of the electron
transition. If the sample used is a direct band gap,
then n=1//2 while the model, which is an indirect
band gap, has a value of n=2 (Kumar, A, 2017).
Because the sample used is an indirect band gap,
then n=2. Then the relationship between hv and
(ahv)? will be plotted (Daniyati et al., 2015). The
band gap value is on the x-axis. The comparison of
the band gap values between ZnO and
ZnO/nanoparticles is presented in Figure 3.

DOI: 10.30598//ijcr.2022.10-mar.

Indo. J. Chem. Res., 10(2), 83-87, 2022

400 =

300 4

200 o

(ahv)? (eV cm")l

100 =

T T T T T 1
20 22 24 2,6 28 3.0 34 3.6

hy (eV)

(a)

400 =

300 4

(ahv)? (eV em™)’
J
g

100 =

0 T T T T T T 1
2,0 2.2 24 2.6 28 3.0 /3;.2 34 3,6
)

hv (eV

(b)
Figure 3. Band gap plot (a) ZnO (b) ZnO/Au

Based on the graph in Figure 3, the band gap
value for ZnO is 3.23 eV, and ZnO/Au is 3.17 eV.
The decrease in the energy gap is in line with the
increase in concentration (the length of ablation time
given); the quality of the synthesized sample can
cause this. The longer ablation time causes the
resulting colloid to be more purplish because of the
Au atoms involved. The energy gap shows electrons
moving from the valence band to the conduction
band. The smaller the band gap value indicates that
more electrons move in the excitation area so that it
can affect the absorbance intensity of the
nanoparticles. The absorbance intensity shows the
transition activity from the excitation region to the
ground state. Changes in the band gap value occur
due to the presence of Au in the ZnO nanoparticle
structure. The Au atom can replace one of the lattices
in the ZnO crystal structure, namely hexagonal
wurtzite, so that it can change the crystallinity of
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Zn0O, characterized by a reduced band gap energy
value (Ayuwulanda et al., 2021).

CONCLUSION

In this study, it can be concluded that the
absorbance value of ZnO nanoparticles is in the
wavelength range of 330-335 nm, and the absorbance
value of Au is in the wavelength of 525 nm. The
band gap value of ZnO decreased after being doped
with Au from 3.23 eV to 3.17 eV. The decrease in
the band gap value in ZnO occurs because the
presence of Au in ZnO can be substituted in one of
the ZnO crystal structure lattices.
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