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Nonlinear Optical Properties of Core@Shell Nanoparticles of Gold and Moringa
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Abstract
In this paper, gold and Moringa oleifera leaf nanoparticles were synthesized using laser ablation techniques by Nd-YAG laser
with a wavelength of 1064 nm, energy of 100 mJ, and a frequency of 3 Hz. The gold plate and Moringa oleifera leaf tablets (after
grinding it then being compressed and exposed to heat) were immersed in 5 ml of distilled water for each one individually to
synthesize nanoparticles as a first step. The second step was a synthesis of core@shell from gold and Moringa nanoparticles with
different pulse numbers (250,500, and 750) pulse where gold was used as the core and Moringa as the shell and vice versa. The
prepared samples were characterized using transmission electron microscopy (TEM) and scanning electron microscopy (SEM).
The Z-Scan technique with a closed aperture system was used to study the nonlinear optical properties of the prepared samples.
The results show the success of the techniques used where the particle size was between (15-50) nm. The nonlinear properties
of the prepared samples showed that they have a negative nonlinear refractive index, that is, the nonlinear transmittance curve

begins with a peak and is followed by a trough.
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The study of nonlinear optics investigates the nonlinear
reactions that occur when intense light interacts with matter.
The utilization of nanoparticles created via laser ablation has
been widely employed in the realm of nonlinear optics. A
nonlinear optical effect refers to a process in which the optical
characteristics of a material undergo nonlinear changes due
to the powerful irradiation of incident light 1. Nanoparticles
exhibit great potential due to their flexibility to be engineered
and their enhanced nonlinear optical properties superior to
their bulk counterparts [,

The production of nanoparticles through laser ablation serves
as an environmentally friendly, efficient, and universally
applicable physical method that allows for rapid one-step
synthesis and potential large-scale manufacturingl.
Nanostructures can be categorized according to the use of one
or multiple materials, resulting in the formation of either basic
or composite nanoparticles.

Basic nanostructures are constructed from a singular material,
whereas composite nanostructures consist of two or more
materials, such as core-shell nanoparticlest 31,
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The nanoparticles of the core-shell type are characterized as
having a central core consisting of an inner material and an
outer shell composed of a coating material. As it can be seen
in Figure 1, core@shell nanoparticles can be classified
according to the composition of their inner and outer
materials, which can be organic-organic, inorganic-inorganic,
organic-inorganic, or inorganic-organic . Depending on the
specific usage, the selection of shell material, as well as the
form and/or composition of nanoparticles, can be
determined,
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Figure 1. Classification of core@shell nanostructures can be
done by considering the number of core and shell components
present in the structure (€],

Gold nanoparticles (AuNPs) have been the subject of
extensive research in various fields, ranging from materials
science to medical science [ 19 pecause of their high
quality™l, attributes such as being non-toxic and being easily
available while possessing controlled size and shape (2 131,
the particle's reactivity at a greater level, the capacity for
modifying its surface, as well as its remarkable optical
qualities 241,

The Moringa oleifera plant has been widely used in the
treatment and management of conditions such as malnutrition
and diabetes, in addition to heart and liver diseases 3], and as
anti-hypertensive agents 21,

Modified characteristics of core@shell nanoparticles can be
achieved through either adjusting the volume ratio between
the core and shell components or by altering the composite
materials 271, The primary objective of the core part coating
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is to manipulate the surface alterations, stability, and

dispersibility in order to regulate the functionality of the core
[18]

The process wherein material is extracted from the surface of
a solid target, which is situated in a vacuum or in a gaseous
or liquid environment, through the exposure to laser radiation
is referred to as laser ablation. The interaction between laser
radiation and matter is contingent upon factors such as the
wavelength of the laser 22 | the duration of the pulse 24, and
the intensity of the laser pulse, as well as the thermophysical
and optical characteristics of both the target and its
surrounding environment. The creation and development of
nanoparticles involves various physical processes, including
the generation of a plasma plume, condensation,
agglomeration, and nucleation 211,

The methodology of pulsed laser ablation in liquid (PLAL) is
regarded as a highly favorable top-down approach for the
production of nanoparticles that are pure and
uncontaminated. This process is relatively rapid, exhibits
efficient mass production, and low cost 22, The arrangement
of the LAL setup is comparatively straightforward and

expedient, as shown in Figure 2.
Mirror
Nd:YAG laser \
Laser beam
\

Lens
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Figure 2. Schematic describing laser ablation in liquid to form
core-shell Nanoparticle 231,

T heoretical Background

The maximum transmittance (peak) followed by the
minimum transmittance (bottom) is evidence of a negative
nonlinear transmittance (negative refractive index). While the
Z-scan curve (i.e., a bottom followed by a peak) characterizes
the nonlinear transmittance (the material has a positive
nonlinear refractive index). Figure 3 shows the nonlinear
transmittance represented by the positive and negative
nonlinear refractive index value 241,

The nonlinear refractive index from the peak-to-bottom

difference  for normal transmittance is calculated
(experimentally) by the following formula [25:
Ad,
(1)

n =
27 (IoLessK)

where: A@,: The nonlinear phase shift of the peak on the axis
at the focus. I,: Incident light intensity. K : Wave vector, K =
21/ where X is the wavelength of the beam. Le:
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Figure 3. Z-scan technique for positive (black line) and negative
(red line) nonlinear refraction.

The effective length of the sample can be determined from
the following relationship [28:
(1 —e~%L)
Lesr = T .. (2
Where L: is the length of the model.
Moreover, ATpy is the change in natural transmittance
between the top and the bottom and is equal [TP -TV| (21,

ATp_yy = 0.406(1 — $)25|A¢h, | - (3)
Where S is equal 28:
—2r2
S=1—exp< Za> )]
Wq

Where, S is the linear transmittance of the aperture, ra is the
radius of the aperture, and w, is the radius of the laser beam
at the aperture.

To calculate the intensity at the focal point (/,), we use the
following equation 25:

2P
I, = B3k .. (5
Tws
Where wy, is the radius of the laser beam at the focus, and
Prpeak is the laser power.

Experimental

A glass jar containing five milliliters of distilled water and a
tablet of Moringa oleifera was inside. The sample was then
exposed to 500 pulses of a 1064 nm Nd-YAG laser. Keep in
mind that this is the first study to use the laser ablation
approach to generate Moringa oleifera nanoparticles.

Preparation of Moringa Oleifera Leaf
Extract

To create plant leaf tablets with a diameter of 2.5 cm and a
thickness of 0.5 cm, the dried leaves of the Moringa oleifera
plant were brought, cleaned of impurities, ground, and
compressed using a press device at a pressure of 20 MPa. The
tablets were then microwave-heated to a temperature of 90°
C for three hours to improve their consistency as shown in the
Figure 4.

Copyright © 2024 NanoMatImp. This work licensed under a Creative Commons Attribution Noncommercial 4.0 International License. 20
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Figure 4. Moringa oleifera leaf tablets.

Synthesis of AUNPs by Laser Ablation

Laser ablation was used to create AuNPs. The
ablation procedure was carried out using a Nd-
YAG laser with a wavelength of 1064 nm, an
energy of 100 mJ, and a frequency of 3 Hz. 500
pulses were applied to a pure gold plate after it had
been submerged in 5 milliliters of distilled water
to create AuNPs.

Synthesis of Moringa Oleifera Nanoparticles
by Laser Ablation

A glass jar containing 5 mL of distilled water and a tablet of
Moringa oleifera was inside. The sample was then exposed to
500 pulses of a 1064 nm Nd-YAG laser. Keep in mind that
this is the first study to use the laser ablation approach to
generate Moringa oleifera nanoparticles.

Synthesis of Au@Mo NPs by Laser Ablation

To prepare Au@Mo core@shell nanoparticles using laser
ablation technique in liquids. AuNPs were prepared by
bombarding a gold plate in 5 mL of distilled water with 750
pulses of an Nd-YAG laser. The gold plate was then replaced
with a Moringa leaf disc in the liquid containing AuNPs and
the sample was bombarded with 500 pulses. Then we
repeated the process by bombarding the gold plate with 500
pulses of laser in distilled water and replacing it with a
Moringa plant disc and bombarding it with 250 pulses as
shown in Table 1.

Table 1. The number of pulses used in preparation of Au@Mo NPs.
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bombarding the Moringa plant disc with 500 laser pulses in
distilled water, replacing it with a gold plate, and bombarding
it with 250 pulses as shown in Table 2.

Table 2. The number of pulses used in preparation of Mo@Au NPs.

core@shell NPs Au Mo
Mo@Au 750 pulses 500 pulses
Mo@Au 500 pulses 250 pulses

core@shell NPs Au Mo
Au@Mo 750 pulses 500 pulses
Au@Mo 500 pulses 250 pulses

Synthesis of Mo@Au NPs by Laser Ablation

An Nd-YAG laser was utilized for bombarding a Moringa
plant disc in 5 milliliters of distilled water with 750 pulses in
order to create Moringa nanoparticles. After that, the plant
sample was replaced out with a gold plate submerged in a
solution containing Moringa nanoparticles, and 500 pulses
were applied. Then we repeated the process, but this time by
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Results and Discussion

The synthesis of Au, Mo as Au@Mo and Mo@Au core-shell
NPs were performed via laser ablation in distilled water. After
seconds of ablation, the color of solutions changes, as shown
Figure 5 which show an image for gold and Moringa oleifera
NPs individually, Au@Mo NPs, and Mo@Au NPs.
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Figure 5. Photograph of (a) Au and Mo NPs, (b) Au@Mo NPs
and (c) Mo@Au NPs.
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The Z-Scan technique with a closed aperture system was used
to calculate the nonlinear refractive index of the prepared
samples. We notice in Figures 6a-6d display the nonlinear
transmittance of Au, Mo, Au@Mo, and Mo@Au NPs under
the influence of a wavelength (532 nm) and a power of 25.24
mW using a confocal lens with a focal length of 8.5 cm. We
note that the samples have a nonlinear refractive index of a
negative value, that is, the nonlinear transmittance curve
begins with a peak and is followed by a trough.

We note that the difference between the peak and bottom of
the nonlinear transmittance curve increases with the increase
in the number of laser pulses used (increasing the
concentration of nanoparticles), as in the Figures 6¢ and 6d,
meaning that the effect of increasing the concentration clearly
affects the nonlinearity of the material. Table 3. shows the
nonlinear properties of the samples. We note the increase in
the absolute value of the nonlinear refractive index due to the
increase in concentration.

To ensure the formation of nanoparticles of Au@Mo, and
Mo@Au, the prepared samples were examined using the field
emission scanning electron microscopy (FESEM) and the
transmission electron microscopy (TEM). Figure 7a shows
the surface morphology of the Au@Mo NPs using the
FESEM. Moreover, the respective particle size histogram
displays in Figure 7b, the estimated average particle size was
22.13 nm.

Copyright © 2024 NanoMatlmp. This work licensed under a Creative Commons Attribution Noncommercial 4.0 International License. 21
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Figure 6. Nonlinear refraction of (a) Au NPs, (b) Mo NPs, (c) Au@Mo NPs, and Mo@Au NPs.
Table 3. Nonlinear properties of prepared samples.
- P }. Io 2
Concentration mwW) | (m) f (cm) (MW/m?) Ler (M) AT S n2 (m?/W)
Au NPs 25.24 532 8.5 13.2909 0.000974 | 1.106195 0.076884 -1.82E-11
Mo NPs 25.24 532 8.5 13.2909 0.000996 | 0.222222 0.076884 -3.57E-12
Au750p@Mo500p NPs | 25.24 532 8.5 13.2909 0.000972 | 1.089888 0.076884 -1.80E-11
Au500p@Mo0250p NPs | 25.24 532 8.5 13.2909 0.00099 0.439474 0.076884 -7.11E-12
Mo750p@Au500p NPs | 25.24 532 8.5 13.2909 0.000985 0.42228 0.076884 -6.86E-12
Mo500p@Au250p NPs | 25.24 532 8.5 13.2909 0.000992 | 0.212202 0.076884 -3.43E-12
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Figure 7. (a) FESEM micrograph of Au@Mo NPs, (b) the

respective particle size histogram.

Figure 8a shows the surface morphology of the (Mo@Au)
NPs and Figure 8b the respective particle size histogram, the
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average particle size was (23.83 nm). Scale bars correspond
to a length of 100 nm.
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Figure 8. (a) FESEM micrograph of Mo@Au NPs and (b) the
respective particle size histogram.
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The results of the TEM image show the formation of a core
shell nanoparticles model for Au@Mo as in Figure 9a, where
the number of laser pulses was 750 pulses for gold and 500
pulses for Moringa, and Mo@Au NPs in Figure 9b with a
number of pulses of 750 pulses for Moringa and 500 pulses
for gold, which shows the sphericality of the nanoparticles
formed with some particles appearing in irregular shapes.

41 um

50 nm

100 nm
L
Figure 9. TEM micrograph of (a) Au@Mo and (b) Mo@Alj NPs.

Conclusion

The laser ablation method used to prepare core shell
nanoparticles is easy, low-cost and Eco-friendly (no toxic
materials used). Tests showed the successful formation of a
core shell pattern between the gold and the leaves of the
Moringa plant, and the sizes of the nanoparticles ranged from
15 to 50 nanometers, depending on the tests used, and they
have a negative nonlinear refractive index (the nonlinear
transmittance curve begins with a peak followed by a trough),
and the difference between the peak and trough in this curve
increases. By increasing the concentration of nanoparticles
formed in the core shell model in both gold metal and Moringa
oleifera leaves.
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