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The fabrication related to single-layer Ag/curcumin (Curc) dye nanocomposites on a
substrate is described in this paper, along with an examination of optical characteristics
that follow, which could be applied to non-linear optics. With the use of a nanosecond
pulsed laser method, AgNPs were produced. Using a straightforward solution technique,
hybrid Ag/Curc dye nanocomposites have been created with varying concentrations
regarding the Curc dye. The impact of concentration on the (non-linear and linear)
structural and optical properties was then examined. The following techniques have
been examined: FT-IR analysis, FE-SEM microscope, XRD, fluorescence spectroscopy,
and UV-Vis spectra. Non linear refractive index as well as non linear absorption
coefficients of samples have been utilized in order to explore the non-linear optical
(NLO) properties related to the Curc dye nanocomposites and hybrid AgNPs using Z-
scan method. A nano-second pulsed Neodymium-YAG laser operating at 532 nm has
been employed in the Z-scan approach. The findings demonstrate that the size of AgNPs
affects their nonlinearity absorption coefficients and non-linearity refractive index. The
enhancement of visual qualities was attributed, according to the data, to an increase in
Curc content. For AgNPs and raise the strength of surface plasmon resonance (SPR),
which will boost NP production and enhance fluorescence. The absorption
which emerges near wave number 3451 cm™ in the infrared Fourier test of AgNPs was
researched because it results from the alcohol group's (OH) bond vibration. The aromatic
(C-H) bond is the absorption bond 2927 cm, indicating that Curc functions as a cover
agent. A study was conducted using XRD to examine AgNPs and a hybrid mixture of
Curc and AgNPs. XRD data of AgNPs revealed a cubic and polycrystalline crystal
structure, with several angles recorded that are exactly the same as the international
standard cards for silver. A straightforward platform for improving optical qualities is
offered by such hybrid Ag/Curc dye nano composite, which may find use in nano-
probing as well as nano-medical applications, including the antibacterial domain.

1. INTRODUCTION

optical properties of new materials and may be use them in
many applications such as modulators [10, 11].

The interaction of light with a high intensity incident laser
beam and a material (solid, gas, or liquid) in a non-linear
medium is the field of nonlinear optics. Linear optics field is
the study of linear behavior of light in a non-strong light field
that is not powerful enough to modify the properties of the
medium [1-6]. SPR is the term used to describe how much
better the metal NPs can support electron excitation in the case
when exposed to radiation. The frequency regarding SPR for
AgNPs takes place in the visible range of electromagnetic
radiation; it could be adjusted by varying the shape and size of
the particle and it is based on the real and imaginary parts; as
a result, AgNPs cover a broad range of applications in various
fields [5, 7-9]. The aim of the work is focused to study and
measure the nonlinear optics is considered one of the
important to characterize the materials and determine the
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Optical properties for nanomaterials. it is easy technique to
measure the nonlinear optical characterize by propagating the
laser radiation through the nonlinear crystal materials with the
changing the phase A®. it is related to the change if refractive
index An [12, 13].

This work employed the strong and useful Z-scan method
to analyze the non-linear optical characteristics regarding a
hybrid silver/Curc dye nanocomposite [6, 7]. The formation of
a thermal lens around the NPs as a result of the active
transport of nanoparticle heat to the center or the difference
between refractive index and the matrix represents the true
explanation for the Z-scan technique [14-20]. It is considered
one of the most commonly useful technologies due to its
merits, such as greater sensitivity, ease, and quickness [21, 22].
To make things clearer, the idea of nonlinearity in optics can
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be explained as the way light behaves when going past non-
linear materials [23]. The intensity parameter on which
polarization depends [24].

When a high-power laser beam is incident on the material,
the optical material constants such as refractive index and the
absorption factor will change. we can derive the equations of
nonlinear term from the polarization related to the optical field
P(E) [25].

P =¢0[Y1E + cox2 E2+ coxy3 E3+............ ]
P = eo[x1E + x2 EE + x3 EEE+...]
P=PL+PNL

The vacuum permittivity is €o and linear susceptibility is
termed as .

The linear polarization appears in Eq. (1) as the 1st term and
other terms in Eq. (1) represent the nonlinear polarization, y2
and y3 are the 2" and 3™ orders of nonlinearity, respectively
[26].

Gonzalez-Castillo et al. [27] created silver nanoparticles by
laser and the effect of color solution was studied.

Shanshool et al. [28] in 2016 had studied nonlinear optical
properties of polymer nanocomposites of zinc oxide
nanoparticles with polymethyl-methacrylate (PMMA) as the
polymer matrix.

The present project includes preparing a nano hybrid
composite materials, namely silver nanoparticles and
curcumin dye, and studying some of the nonlinear properties
of these materials prepared by the pulsed laser method ,This
project is included some different analysis to above previous
studies by highlighting to use more than material to study the
nonlinear optical characterization as well as the behavior of
the nonlinear characterization depend on the concentration of
the materials and the size of nanomaterials.

2. EXPERIMENTAL TECHNIQUES
2.1 Samples preparation

With the use of a high-purity (99.99%) Ag metal as a target
and pulsed laser ablation (PLAL) technology in a liquid state
are part of the preparation process. Prior to and following each
experimental procedure, the Ag metal target has been cleaned
with the use of an ultrasonic path device for removing
impurities, first washing it with ethanol and after that distilled
water. Ag metal target has been immersed in distilled water
(DW) as well as placed at the bottom of glass container. Every
experimental procedure employed five milliliters of water, and
the liquid was raised to a height of four millimeters over the
target's surface. The utilized pulsed laser has 530 mJ of energy
in each pulse, in which 600 laser pulses at a constant laser
energy of 530 megajoules were required to ablate the Ag metal
target surface. Additionally, there was a distance of 8 cm
between target and laser lens, and laser beam's diameter on Ag
metal target's surface was 2 mm. Q-Switched A Nd-Yag pulse
laser at 1064 nm was utilized as an ablation system for an Ag
metal target with a frequency of 1Hz and a pulse time of 10
nm for obtaining solution which contained a colloidal liquid to
change color following the procedure of the ablation.

2.2 Z-scan technique

Nonlinear  optical ~ characteristics  of  Ag/Curc

nanocomposites have been examined using the Z-scan method.
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A simple and very sensitive approach that is used to find n,
(nonlinearity of the refractive index) as well as nl
(nonlinearity of the absorption coefficient) is the Z-scan
method [9, 16-18]. The non-linear characteristics of Ag/Curc
dye nanocomposites, which have been created by pulsed laser
ablation, are measured using an experimental setup consisting
of closed as well as open aperture Z-scan [13, 19, 20]. Figure
1 illustrates it. An Nd-Yag pulsed laser system with fluence
intensity of 6.794GW/cm? at 532 nm is employed in the
experiment. The output laser has been split into two sections
using a beam splitter. The transmitted part has been focused
by a lens, and this reflected part is the reference (incidental
light fluence). The focus has been moved to the sample. Two
energy detectors monitored the fluences of the transmitted and
incident pulses simultaneously.

A nedymium-Yag Laser Q-switched is using with Z scan
technology as a pumping source with a wavelength 1064 nm.
Laser radiation is projected in the z-axis on to the target using
a lens with a short focal length. A target makes a move
throughout the length of the z-direction, going past the focal
point of the lens at z= 0 [27, 29-31].

The transmittance intensity of laser beam was measured at
z-direction by a closed aperture with the position change of the
target (z). In the state of the open aperture of the Z-scan, the
transmittance intensity is collected by a lens through the target.
The experimental system has been drawn in Figure 1. Samples
were moved across the lens’s focal plane with an 8.5 mm focal
length and polarizer along optical axis (Z-direction).

Aperture

Polarizer Sample

Lens

Figure 1. Z-scan experimental setup

The Z-scan method measures refractive index variation
related to incident laser intensity and is dependent on the
refractive index-related intensity. For every sample position,
the induced lens inner the target has a variable focal length,
which is determined by the laser beam's intensity. The laser
beam has been concentrated, and the target has been scanned
through a Gaussian beam (TEMO0O0) via its focal plane in order
to evaluate the nonlinearity response. By using of a finite
aperture at far field, laser beam intensity for every point as a
function of focus position has been measured. Also, input
beam has been split through a beam splitter and detected by an
appropriate system of detection in order to determine the
laser's total beam intensity. Non-linear refraction coefficient's
sign and value may be measured thanks to the closed aperture.
In the case when the non-linear refractive index of the medium
is negative, a typical peak-to-valley transmittance curve is
acquired because the light intensity that is irradiated on the
sample varies at every position. When a sample has a negative
refraction index, it acts like a concave lens close to the focus
point. The focused position shifts to the positive Z direction as
the sample approaches the focal point and the negative Z
position. As a result, the intensity at the detector increases, and



the beam at the aperture plane is suppressed. The beam widens
at aperture, and intensity rises on the positive side as the
sample approaches the focal point and the positive position of

3. RESULTS AND DISCUSSION

Ag/Curc dye nanocomposites' non-linear optical properties
control the localized SPR effect. Figure 2 displays UV-Vis
absorption spectra of Curc dye, AgNPs, and Ag/Curc dye
nanocomposites (measured with a Perkin Elmer instrument).

The impact of elevating the Curc dye concentration on the
optical characteristics of AgNPs was examined within the
range of 100-1200 nm in wavelength. The absorption spectrum
reveals that the production Ag/Cur dye nanocomposite reaches
its maximal absorption spectrum at 420 nm. The localized SPR
of pure AgNPs is 418 nm, and the localized SPR of pure Curc
dye is 312 nm. Peak absorption varied between samples for
AgNPs, Curc dye, and Ag/Curc dye nanocomposites, which
was attributed to absorption of diverse particle sizes and
diameters. Free electron oscillations in conduction band,
occupying the energy levels near Fermi level, are what give
metal NPs their plasmon surfaces [11].

SEM MAG: 200 kx Det: InBeam

WD:476mm | BI:7.00 200 nm
View field: 1.04 ym Date(m/dly): 02/02/22

SEM MAG: 70.0 kx i WD: 8.85 mm
Det: SE SEM HV: 15.0 kV 500 nm

MIRA3 TESCAN

200 nm EHT = 10.00 kV
—

— AGIC UT
— A

e C U

Absorbance(a.u)

L\—/g‘
o

T T T T T |
200 200 800 800 1000 1200
Wavelength (nm)

Figure 2. UV-visiblespecroscopy of Curc dye, AgNPs and
Ag/Curc dye nanocomposites

Figure 3. showed the morphological properties of samples
by taking FE-SEM images of Figure 3(a) and (b) low and high
significance images of silver nanoparticles, (c) and (d) low and
high significance images of silver/Curc nanocomposites.

EHT = 10.00 kV Signal A = SE2 Date :23 lan 2023

Signal A = SE2 Date :23 Jan 2023

WD = 52 mm Mag= 50.00KX User Text =

Figure 3. FE-SEM images: (a) Low significance images of silver nanoparticles; (b) High significance images of silver
nanoparticles; (c) Low significance images of silver/Curc nanocomposites; (d) High significance images of silver/Curc
nanocomposites

The isotropic shape regarding the AgNPs allowed for the
suitable calculation of the related LSPR peaks based on the
obtained absorption result. EDX is employed in this

examination to identify the components of samples and

exhibits the presence of chemical elements depending on their
atomic and weight ratios. The sample (AgNPS) prepared to
(600) pulses as well as ablation energy 600mJ in a distilled
water medium which contain (O, Ag, Au, C) elements, a few



of them are elements that are present in surrounding
atmosphere (EDX) device, is shown in Figure 4. Upon coating
inner surface of the device (EDX) with gold metal, we observe
the appearance related to the highest peak of gold (Au), as
shown in Table 1.

Table 1. Exhibits percentages of the elements (AgNps)

Elements wt.% at.%
Ag4d7 K-series 62.63 18.45
08 K-series 26.29 52.23
C6 K-series 11.08 29.32
Total 100.00 100.00
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Figure 4. EDX of the sample (AgNps)

EDX diagram of the sample (AgNPS) formed in distilled
water medium including elements (O, Ag, Si, C, Au) with (600)
pulses and 600mJ ablation energy is shown in Figure 5. The
device (EDX) has been coated with gold metal on its inner
surface, causing the highest peak of gold (Au) to show. Some

of these elements are found in the surrounding atmosphere, as
Table 2 shown.

Table 2. Exhibits percentages of the elements (AgNps)

Elements wt.% at.%
Ag4d7 K-series 52.3 48.18
Sil4 K-series 18.8 6.91
08 K-series 16.8 6.42
C6 K-series 12.1 38.49
Total 100.00 100.00
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Figure 5. EDX of the sample (AgNps-Cum)
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Determining Fourier transforms via infrared spectroscopy is
a crucial method for the examining of bonds among atomic
components in Ag solutions, since it includes AgNPs
functional groups. The link between wave number and
transmittance in the 500-4,000 IR spectrum regarding Ag NPs
produced in distilled water (D.W.) with pulse numbers (600)
and a constant ablation energy (530mJ) is shown in Figure 6.
It is evident that (Ag-O) bond is responsible for absorption
bond near wave number (667.27 cm™), stretching (C-O) group,
a vinyl ether group, is responsible for absorption bond near
wave number (1045.42 cm™), and stretching (C-O) group is
responsible for absorption bond close to number (1634.30 cm’

1).
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Figure 6. FTIR spectrum of a solution of AgNPs

According to Figure 7, aliphatic (OCH3(C-H)) group is
responsible for absorption bond near wave number 2997 cm™,
while absorption bond near wave number (3,451) is the result
of (OH) bond vibrating back to the alcohol group. Aromatic
(C-H) bond is the absorption bond 2927 cm!, while (C-O)
group is responsible for the bond for the wave number 1085
cm!. Near wave numbers (1651 and 1645 cm™!, respectively),
the absorption bonds are aromatic (C = C) and aliphatic (C =
C). This illustrates the capping agent role of Curc.
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Figure 7. FTIR spectrum of a solution of (AgNps-CUM)

The nonlinear refractive index (n2) could be found by
applying the Z-scan approach, which measures nonlinear
absorption as well as nonlinear refraction simultaneously in a
variety of media, including liquids, solids, and liquid solutions.
The refractive index sign and magnitude of the non-linearities



are obtained using a single-beam technique. With the use of Z-
scan method, useable data was obtained by moving the sample
backward or forward along the path of femto-second laser
beam and through its focal point. Non-linear optical effects
were seen in the area around the focus point, in which the laser
intensity has been quite high. Z-scans with closed and open
apertures have been employed to distinguish between NLR
and NLA effects for every layer of nanoparticles. A negative
non-linear refractive index, commonly referred to as self-
defocusing, was proposed through the pattern of a peak
followed through a valley in normalized transmittance data for
closed-aperture Z-scan test. The aperture linear transmission
in such case has been 0.245.

We used both closed-as well as open-aperture Z-scan
methods to analyze Ag/Curc dye nanocomposite films for
calculating the non-linear coefficients (Table 3). Ag/Curc dye
nanocomposite film far field open-aperture transmission was

investigated to determine all non-linear absorption coefficients.

Table 3. The changing transmittance results for closed
aperture Z-scan

Samples Particle Size Tmax Tmin. ATpv n2 cm?GW

S1 17.93 1.1 0.8 0.3 -0.2312
S2 26.89 0.9 0.5 0.4 -0.215
Ss 29.31 1.6 1.1 0.5 -0.204

Non-linear absorption in Ag/Curc dye nanocomposite films
is specified by Figure 8, which displays decreases in
transmittance around focal point of scanned samples at various
thicknesses [1]. S; and S's increment trend was not the same
as S3's. The shift of S3 on peak and strong T (peak to valley
distance) indicate that all of the films exhibit reverse saturable
absorption [12]. Open-aperture graphs displayed peaks and
valleys throughout. We concentrate on the non-linear
refractive index (nz) of Ag/Curc dye nanocomposite films in
order to assess the refractive non-linearity. Closed-aperture
measurements have been made for this, and the normalized
transmittance is displayed in Figure 8. The post focal peak and
valley seen in Ag/Curc dye nanocomposite films is a specific
indicator of positive n, (positive lens).

Ag/Cur
e U T
Ag

Transmittance
(=]
Il

T T T T T 1
-8 -4 -2 0 2 4 6
Z{mm)

Figure 8. Closed aperture Z-scan curve for samples (a) Curc
dye; (b) silver nanoparticles; (¢) Silver/Curc nanocomposites

Figure 8 shows negative z-scan patterns for both samples,
indicating a self-defocusing effect. When there is a negative
Z-scan profile that begins far from focus (Z<0), there is little
non-linear refraction and minimal beam flounce; as a result,
the measured transmittance is z-independent and stays
constant. The next equation could be used to get the nonlinear
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refractive index, or ny, in a closed aperture Z-scan [11].

ny = A¢o/lo LK (1)
where, K = 21/A, A@o = non-linear phase shift, Iy represents
intensity at the at the focal point and Leff: represents effective
length of the sample that can be calculated from the Eq. (2)

[11]:

Leff = (1 — e %) /a0 )
where,
a0: represents linear absorption coefficient
L: represents sample length
Intensity at focal spot can be expressed as Eq. (3) [12]:
Io = 2Ppeak /mw0 3)
where,
w0: represents beam radius at focal point
Ppeak: the peak power given by the Eq. (4) [12]
Ppeak = E /At 4
where, Si: Ag NPs; S»: Curcumin dye and S3: Ag/Curcumin
nanoparticles
The primary explanation for this could be the measured and
characteristic size of NPs. According to the current study, the
size of the Ag NPs, which is 17.93 nm, is smaller than that of
the Curc dye, which is 26.89 nm, and it is also significantly
smaller compared to the Ag/Curc nanocomposites, which have
a particle size of 29.31 nm. Since the cubic non-linearity is
predicted to scale with particle volume, the size of NPs will
directly impact the intensity of the transmitted laser. The
outcomes above show a strong correlation [13, 18-20].
Non-linear absorption coefficient () was study by open
aperture Z-scan by collecting transmitted laser light, and can

directly measure from the transmittance curves and it’s given
by the Eq. (5) [11].

BI Leff
(1))
1+ (2
~ 70
@ = ; (m+1)3/2 ®)

where,

Z: represent sample’s position with minimal transmittance

Zo: represent diffraction length

m: number integer

T(z): represent minimal transmittance

The two terms in the sum are in general sufficient for
determining the value of B, which is the non-linear absorption
coefficient.

The samples (Curc dye, Ag NPs, and Ag/Curc
nanocomposites) exhibited saturable absorption from the
broad SPR band, according to the results of the open aperture
Z-scan. It has been discovered to be highly anisotropic, and
that could be adequately explained through a straightforward
2-level saturation model.

Figure 9, showed open-aperture Z-scan curve's peak value,
AT, is displayed. With open-aperture Z-scan, intensity-
dependent absorption can be computed more accurately, yet it



is observable with a closed-aperture Z-scan as a change in the
transmittance through the sample. The light-matter interaction
that takes place in the case when a sufficiently intense laser
beam is incident on a sample determines the values of and no.
The medium's optical characteristics could be altered by such
interaction. This work demonstrates that the thickness and size
of Ag/Curc dye nanocomposites that were deposited affected
the n, and n; values of the samples; substantially bigger
Ag/Curc dye nanocomposites in S had lower and n, values
compared tothose in S; nanocomposites. The nonlinear
absorption coefficients of silver nanoparticles utilizing the
closed-aperture Z-scan with a 532 nm pulsed Nd-Yag laser at
three distinct reduction periods was cleared in Table 4.

— Ag/Cur.
Cur.
—Ag.

Transmittance

0.8 o

0.6

0.4

Z(mm)

Figure 9. Exhibits open aperture Z-scan curves for samples
(a) Curc dye; (b) AgNPs; (¢) Ag/Curc nanocomposites

Table 4. The non-linear absorption coefficients regarding Ag
NPs utilizing the closed-aperture Z-scan with the pulsed laser
Nd: YAG at 532 nm at three distinct reduction periods

Samples Particle Size Tmax p cm/GW

S1 17.93 1.54 66122.01
S2 26.89 0.95 3984.52
Ss 29.31 0.78 2113.95

where, Si: Ag NPs; S»: Curcumin dye and S3: Ag/Curcumin
nanoparticles

4. CONCLUSION

Silver nanoparticles was prepared by pulsed laser ablation
and attached with curcumin dye by the volume mixing method
with take the ratio the volume mixing of curcumin dye are 0%,
0.25% and 0.50%. XRD and FTIR spectra were used to
investigate the structures of targets silver nanoparticles and
curcumin dye. The surface morphology of the targets is
determined by FE-SEM. the average particle size is 200-220
nm. The impact of elevating the Curc dye concentration on the
optical characteristics of AgNPs was examined within the
range of 100-1200 nm in wavelength.

The presented work used Z-scan method to examine the
non-linear optical properties related to Curc dye, Ag NPs, and
Ag/Curc nanocomposites. The samples showed saturable
absorption with regard to open aperture Z-scan, while non-
linear refractive index for closed aperture Z-scan is shown to
be negative (self-defocusing effect). Because of this, samples
containing Curc dyes showed less non-linear response,
whereas samples containing Ag/Curc NPs showed a large non-
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linear response. This suggests that the density of the
nanoparticles could affect non-linear optical capabilities.
Therefore, it was thought that the densities as well as
thicknesses of the sample NPs were related to the magnitudes
of non-linear optical effects. Through the results obtained.
future research using silver nanoparticles and curcumin dye
can be used for eradicating cancer tumors, as well as in
reducing the activity of bacteria and treatment of water from
the biological pollution.
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