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ABSTRACT

In this study, we investigated the optical properties of the rhodamine B, methylene blue, and saffron dyes in the presented silver
nanoparticles (Ag NPs). We detected that the absorption of the rhodamine B and methylene blue increased by interacting with NPs
due to plasmon-induced quenching this effected can be utilized to manipulate and enhance optical properties and as a laser active
medium. The highest value of the absorption coefficient for pure rhodium tincture was 222.86 cm-1, and for saffron dye tinged with
silver nanoparticles was 486.98 cm-1. We studied the nonlinear optical responses of silver nanoparticles and these dyes. We detected
that the silver nanoparticles have a high linear response at all selected laser excitations. In additionally, rhodamine B has a higher
nonlinear response at a wavelength of 450 nm, which was further enhanced by the silver nanoparticles. Methylene blue has
nonlinear responses, especially at the maximum absorption wavelength of 650 nm, and saffron dye showed nonlinear responses at
all wavelengths, but the best response was at the 405 nm laser. The nanoparticles enhanced the nonlinear refraction of the saffron
dye to fit the absorption spectra. The highest value of the nonlinear refractive index for saffron dye a doped with silver nanoparticles
at a 405 nm laser was 3.48 x 10-11. These results indicate that the addition of nanoparticles can enhance the nonlinear properties of
these dyes with the use of dye-appropriate lasers in Z-Scan technology.
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1. INTRODUCTION

The interaction between plasmonic nanoparticles and
organic molecules have gained much research attention in
recent times due to a large variety of applications like
surface-enhanced Raman spectroscopy [1, 2] plasmon-
enhanced fluorescence (3), nonlinear optical applications
(4). Fast technological progress in optics has placed
greater demand on the development of nonlinear optical
materials (NLO) with prominent applications in optical
limiting and all optical switching (4, 5). Nonlinear optics is
the investigation of how intense light, like the laser,
interacts with matter. Normally, only the laser light is
adequately exceptional to alter the optical properties of a
material. The optical reaction of a material typically scales
straightly with the amplitude of the electric field, at high
powers, however, the material properties can change more
quickly. This leads to nonlinear effects consisting of self-
focusing, saturated absorption (6, 7). Z-scan technique is
the simplest and highest in sensitivity for computing
nonlinear optical properties of materials (8, 9).

It also utilized to compute nonlinear refraction (NLR),
nonlinear absorption (NLA) for solution, film models (10).
The noble metal nanoparticles have immense applications
primarily due to their property to generate substantially
enhanced and highly localized electro-magnetic near-fields
originating from localized surface plasmon resonances (11,
12). The high scale enhancement in the local

electromagnetic field generated around metal objects and
surfaces only when the sizes of the particles are much
smaller than the irradiated wavelength (13). The
inhomogeneities in the electromagnetic field have the
potential to improve various light matter interactions in
the sub wavelength regimes. The localized surface plasmon
resonance (LSPR) originating from the collective
oscillation of free electrons in resonance with the
electromagnetic field of incident light could be tuned by
controlling the size, composition, morphology, spatial
arrangement and refractive index of the surrounding
medium (14).

The  fluorescence  enhancement interactions  of
nanoparticles with organic molecules occur when the
fluorescent molecules are placed in the vicinity of metal
nano structures. The plasmonic-molecular resonance
coupling interaction is also another type of interaction that
exists between organic molecules and plasmonic
nanoparticles, when the molecule has strong absorption in
the LSPR of the nanoparticles. The refractive index
dependent plasmon-organic molecule interaction in the
neighborhood of plasmonic nanoparticle surface originates
from the accumulation of induced polarization charges due
to increased dielectric constant of the medium in the
presence of organic molecule (15). The strengthening of
electromagnetic intensities near plasmonic nanoparticle
surface could also lead to enhancement in non-linear op
tical responses like Raman scattering (16), that offer
possibilities of novel non-linear nanoscale photonic
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devices (17). Organic dyes are defined as hydrocarbon
compounds, and organic dyes consist of large particles that
have complex composition and have a wide absorbing and
fluorescence spectrum in the visible spectrum areas
because they contain chains and ultraviolet from the
electromagnetic spectrum whose molecular weight is large
because it contains chains composed of carbon atoms
associated with separate bonds and others double
(cheromophore) (18). Chrophor is characterized by light
absorption in the ultraviolet and visual area, which makes
the dye colored because the absorption transitions (so - s1)
occurs in the visual area (19). Rhodamine B dye was used
from the xanthine dye. It is in the form of solid green
crystals or in the form of a reddish-violet powder. It has
the ability to dissolve well in water and alcohol, and thus it
will form a red fluorescent solution, and dilute solutions of
this highly fluorescent substance, as well. This dye
dissolves slightly in acids and bases, and it also dissolves in
ethanol and gasoline (20). Methylene blue is known as
methylthioninium chloride. It is used as a medicine and is
also used as a dye. It is an industrial basic dye, with a dark
green crystalline powder. It has a mild odor. Methylene
blue is highly soluble in water, giving a blue color when
dissolved in water. It is used as a dye in paper, silk,
cosmetics, and laboratory procedures. Chemical and in
human medical procedures. The compound can be used to
treat methemoglobinemia (21, 22). Saffron contains more
than 150 compounds (volatile and non-volatile). Saffron
owes its sensory and functional properties mainly to the
presence of its yellowish-red water-soluble carotenoid
derivatives, which are synthesized throughout the
flowering period but also during the entire production
process (23). These compounds include crocin, crocetin
(24).

2. EXPERIMENTAL PART

2.1. Materials

To prepare the dye solutions used rhodamine B, methylene
blue, and saffron at a concentration of 1 x 103 M in the
solvent used, water, and 0.0014 gm/ml of rhodamine b dye
powder (B) and 0.0095 gm/ml of methylene blue dye
powder were dissolved. and 0.01105gm/ml of saffron dye
powder (in a volume of 30 ml of water). According to the
following equation (1) (25),

C XVxM.W
w =T

1000 1)

Figure 1 shows the prepared concentration of each dye.

Rdh B

SaF

MB

Figure 1. The prepared concentration of rhodamine B, methylene
blue, and saffron dye.

2.2. Synthesis of Silver Nanoparticles (Ag NPs)

The process of laser ablation of Ag metal target (the silver
plate ready, purity > 98%, purchased from CBI) was
carried out in an aqueous medium using laser pulses(Q -
switch Nd - YAG). Using a wavelength of 1064 nm, a
repetition rate of 4 Hz, a pulse width of 5 ns, and a power
of 700 m]. The piece of Ag is placed at the bottom of a glass
container, containing 6 ml of distilled water solution, and is
bombarded with a laser with a number of 700 pulses, after
which we obtain the formation of Ag NPs. As shown in
Figure 2, the color of the solution changes into bright
yellow confirming the formation of Ag NPs, the color of the
solution changes to bright yellow confirming the formation
of Ag NPs (see Figure 3).

(@) (b)
Figure 2. Laser ablation system (a) Laser device used in pulsed
laser ablation technology inside the advanced laboratory of the
department of laser physics (b) Cross-section of the PLAL system.

Figure 3 Silver nanoparticles
2.3. Characterization Tools

A CECILCE CE 7200 (England) UV/ VIS/ NIR
spectrophotometer has been used for UV-visible
absorption studies, and a F96 Pro fluorescence emission
spectrophotometer (England) has been utilized to record
fluorescence emission measurements. The size and shape
of the laser-synthesized Ag NPs were examined by the EM
208 transmission electron microscope (TEM).
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2.4 Nonlinear Optical Analysis (Z-Scan)

The third-order nonlinear optical properties of natural
dyes rhodamine B, methylene blue, and saffron with Ag
NPs incorporated into them were studied using a z-
scanning technique.

The laser light emitted through the sample is recorded as
the samples are translated along the direction of
propagation. Z-scan data were acquired using a
semiconductor pumped solid-state laser. Lasers of
different wavelengths (405 nm, 532 nm, 650 nm) were
used and are characterized by high efficiency and stability.

A 1 mm thick quartz sample was translated through the
propagation direction at a distance of approximately 60
mm either side of the focal point of the convex lens and the
transmitted light intensity was recorded using a power
detector. Both the transmitted and reference laser beam
powers were recorded simultaneously and the ratio of the
two was recorded using an optical laser beam power
meter. The laser power was in the range of 12 to 70 mW,
and a telephoto lens with a focal length of 8.5 cm was used.
Figure 4 shows the Z-scan technology. Figure 5 shows the
lasers used in this technology.
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3. RESULTS AND DISCUSSION

3.1. Linear Optical Studies Absorption And
Fluorescence Emission

3.1.1.0ptical Characterization Of Silver Nanoparticle
(Ag Nps)

Based on Figure 6, Ag NPs have an absorption spectrum in
the visible spectrum region at the highest wavelength (419
nm) due to their possession of the phenomenon of surface
plasmon resonance (SPR). Table 1 shows the absorption
spectrum characteristics of Ag NPs.
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Figure 6. Optical absorption spectrum of Ag NPs.

Table 1 Absorption spectrum characteristics of Ag NPs

Absorption Peak Value Amax (NM) a(cm)

0.841449 419 64.595

Figure 7 shows TEM images of Ag NPs prepared using the
pulsed laser spallation in liquids (PLAL) technique. It is
noted from Figure 7 that the Ag NPs are spherical in shape.
It is also noted from the statistical distribution of the
nanosized size accompanying the TEM image, the average
size of Ag NPs is about 13.58 nm.

Figure 5 Lasers used in z-scanning technology
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Figure 7. TEM images of silver nanoparticles (a) TEM image
shows the shape and sizes of the Ag NPs (b) Statistical
distribution of nanoparticle sizes.

3.1.2.Absorption And Fluorescence Emission Of
Rhodamine B And Methylene Blue Laser Dyes After
Mixing With Ag Nps
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Figure 8. Optical absorption spectra (a) for rhodamine b when
adding Ag NPs, (b) for methylene blue when adding Ag NPs.

Based on Figure 8, rhodamine B dye exhibits strong
absorption in the 500-600 nm wavelength region,
indicating m-m* transitions occurring in rhodamine B
molecules, and that the presence of Ag NPs initially leads to
an increase in the absorbance spectrum of the dye in the
range 350-480 nm (the absorption region of the silver
nanomaterial) and then a decrease in the intensity of the
absorbance of the dye solution. This effect is attributed to
the action of the plasmon present in silver nanoparticles
influence electronic processes in dye molecules. Ag NPs

enhance the local electromagnetic field and scatter light,
leading to changes in the absorbance curve of the dye. At
low concentrations, Ag NPs increase the intensity of
scattered light and the number of excited molecules of the
dye, resulting in increased absorbance, however, at higher
concentrations, light scattering leads to a decrease in the
absorbance intensity, and this result is consistent with the
source (26). The main electronic transitions that
contribute to the absorption spectrum of rhodamine B and
methylene blue are the m-m* transitions. In Figure 8 (b), the
spectrum of methylene blue shows strong absorption in
the 600-700 nm wavelength region, indicating m-m*
transitions occurring in methylene blue molecules. Adding
Ag NPs to dyes like rhodamine B, methylene blue, and
saffron can influence their electronic transitions,
potentially involving both m-n* and n-mt* transitions. Dyes
like rhodamine B and saffron typically have negatively
charged functional groups. Ag NPs, on the other hand, can
have a positive surface charge due to adsorbed ions. This
creates a columbic interaction, attracting electrons from
the dye's highest occupied molecular orbital (HOMO) -
which can be either a  or n orbital - towards the positively
charged nanoparticle surface.

The columbic interaction can affect both n-n* and n-m*
transitions in the dyes with the m-m* transitions if the
HOMO involved in the transition is a m orbital, the
interaction with the Ag NPs might slightly alter its energy
level, potentially leading to a shift in the absorption peak
(wavelength) associated with the m-t* transition.

n-m* transitions: similarly, if the HOMO is an n orbital (lone
pair on a heteroatom), the Columbic interaction could
influence its energy, potentially affecting the n-m*
transition energy.

However, the exact nature of the shift (red or blue) it has
been illustrated as discussed in Figure 8 and Figure 9.
Table 2 shows the absorption spectrum characteristics of
Ag NPs mixed with rhodamine B, methylene blue dye.

Table 2 Absorption spectra characteristics of rhodamine B
and methylene blue dye solutions after adding Ag NPs
represented by the highest absorbance intensity,
maximum wavelength and absorption coefficient.

Dye Absorption Peak Amax (NM) a(cm?)
Value

Rh B 2.903 549 222.860

Rh B + Ag NPs 2.756 553 211.642

MB 2.001 658 153.276

MB +Ag NPS 2.152 664 165.276

Rhodamine B dye dissolved in water showed a

fluorescence emission with a peak value of 284.88 at the
wavelength of 588.8 nm when excited with 553 nm light.
Likewise, methylene blue dye dissolved in water showed a
fluorescence emission with a peak value of 95.54 at the
wavelength of 697 nm when excited with 664 nm light. It is
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clear from Figure 9 that the fluorescent emission intensity
of the dyes showed significant improvement when
combined with Ag NPs as shown in Table 3. The
interaction of dyes with Ag NPs results in improved
fluorescence emission intensity due to enhanced light
scattering, facilitating a greater interaction between the
dyes and nanoparticles, as observed in Figure 9.

400
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(b)
Figure 9. Fluorescence spectra of (a) Rhodamine dissolved in
water before and after adding Ag NPs, (b) Methylene Blue
dissolved in water before and after adding Ag NPs.

The increase in the fluorescence spectrum of the dye with
the addition of nanoparticles can be explained by the
phenomenon of fluorescence resonance energy transfer
(FRET) (26). When the dye molecules are in close
proximity to the nanoparticles, energy transfer occurs
from the excited state of the dye to the nanoparticles,
leading to enhanced fluorescence emission (27). This is
because the nanoparticles act as efficient acceptors of the
energy from the dye molecules, resulting in a higher
fluorescence intensity (28). Additionally, the presence of
nanoparticles can also lead to an increased local
electromagnetic field, which further enhances the
fluorescence emission of the dye (29). Therefore, the
combination of the dye with silver nanoparticles results in
an improved fluorescence spectrum due to the (FRET)
process and the enhanced local electromagnetic field (30).

Table 3 Emission spectrum characteristics of rhodamine B and
methylene blue dye dissolved in water before and after adding Ag
NPs.
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Dye Amax (nm) | Fluorescence
rhodamine B 584 284.88
rhodamine B + Ag NPs 587.8 355.02
methylene blue 697 95.54
methylene blue +Ag NPS | 664.7 14791

3.1.3. Absorption Of Natural Saffron Dye Before and
After The Addition Of Silver Nanoparticles (Ag Nps)

The effect of adding Ag NPs on the absorption spectra of
the concentration of saffron dye dissolved in water was
studied. Figure 10 shows the UV spectra of colloidal Ag NPs
mixed with the natural saffron dye.

25 1

= SAF 0.05mM

= Ag NPs

Ag+SAF0.05 mM

Absorbance

200 400 600 800 1000
Wave Length

Figure 10. Optical absorption spectrum of saffron dye after
addition of Ag NPs

The absorption spectrum of saffron dye between 300 and
500 nm results from a combination of m-m* and n-m*
transitions. The addition of Ag NPs to the saffron dye
solution resulted in an increase in the absorption spectrum
of the dye. This increase in absorption can be attributed to
the interaction between the saffron dye molecules and the
Ag NPs. The presence of the Ag NPs alters the optical
properties of the dye, leading to enhanced absorption of
light at specific wavelengths (26). The exact mechanism
behind this phenomenon may involve the plasmonic
properties of the Ag NPs, which can enhance the local
electromagnetic field and promote the absorption of light
by the dye molecules (31). Table 4 shows characteristics of
absorption spectra of Ag NPs mixed with saffron dye.

Table 4 characteristics of absorption spectra of Ag NPs mixed
with saffron dye

dye Absorption Peak Value | Amax (nm) | d(cm?)
saffron 2.096 249 160.97
Saffron+ 2.112 250 486.98
Ag NPs

3.2. Nonlinear Optical Analysis

3.2.1 Nonlinear Optical Analysis Of Ag Nps
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The results showed that Ag NPs have a negative nonlinear
refractive index, that is, nz is a negative value, and the
nonlinear permeability curves also appear with a peak and
then a bottom. It is obvious from Figure 11 that Ag NPs
have higher negative refractive index at 405 nm
wavelength. This could be attributed to the distinct surface
plasmon absorption peak corresponding to Ag NPs at 419
nm. On the other hand, Ag NPs have less negative
refractive index at 650 nm and 532 nm. The nonlinear
refractive index values of the Ag NPs are listed in Table 5.

——Ag With 405 nm
= Ag with 532 nm
= Ag with 650 nm

Normalized Transmittance

Figure 11. Nonlinear refraction of Ag NPs with effect of three
wavelengths (405 nm, 532 nm, 650 nm).

Table 5 Nonlinear properties of Ag NPs prepared by the method
of laser ablation in water under the influence of several

3.2.1 Nnri Of Dyes (Rdh B, Mb, Saf) Before And After
Adding Ag Nps Under The Influence Of Different
Wavelengths

The nonlinear refractive index (NNRI) of rhodamine B,
methylene blue, and saffron dyes was studied before and
after adding Ag NPs under the influence of different
wavelengths (405, 532, 650 nm). Figures 12, 13 and 14
show the closed aperture curves for all dyes before and
after adding Ag NPs, and they have negative refractive
indices under the influence of the wavelengths used.

4

== Rdh B 0.05 mM

e Ag NPs

e Ag + Rdh B 0.05 mM

Normalized Transmittanc

-60 60

wavelengths
A(nm) P lo(MW/m?2) Lest(m) AT n, (m2/W)
(mw)
405 2.01 13.557 0.000970 | 3.356757 | 4.18*10!
532 40 22.643 0.000985 1.804734 | 1.85*101
650 59.55 58.33 0.00?)989 1.005979 | 4.47*1012

It is clear from the data in Table 5 that the largest absolute
value of the nonlinear refractive index is located at 405 nm
because the wavelength (405 nm) is within the peak of the
absorption band of Ag NPs. The value of the nonlinear
refractive index begins to decrease with increasing
wavelength due to the decrease in linear absorption. Due
to the SPR of Ag NPs, the light energy is efficiently
absorbed and then transferred to the water via non-
radiative relaxation processes (32). This increases the local
temperature in the water and the thermal gradient leads to
a change in the local refractive index because the local
refractive index decreases with increasing temperature.
For most liquids such as water. The large values of the
nonlinear refractive index at short wavelength can be
attributed to the high energy of these photons compared to
other wavelengths. Higher energy photons can excite
samples to higher energy levels. This means more non-
radiative relaxations and hence higher temperature,
leading to higher associated nonlinearities (33).
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Figure 12. Nonlinear transmittance of rhodamine B, methylene
blue, and saffron dyes before and after adding Ag NPs at 405 nm
(a) rhodamine B (b) methylene blue (c) saffron.
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Figure 13. Nonlinear transmittance of rhodamine B, methylene
blue, and saffron dyes before and after adding Ag NPs at 532 nm
(a) rhodamine B (b) methylene blue (c) saffron.

(©
Figure 14. Nonlinear transmittance of rhodamine B, methylene
blue, and saffron dyes before and after adding Ag NPs at and 650
nm. (a) rhodamine B (b) methylene blue (c) saffron.

Figure 12 and 13 show the nonlinear transmittance of
rhodamine B, methylene blue, and saffron dye before and
after adding Ag NPs under the influence of two lasers with
wavelengths of 405 and 532 nm. The NNRI of all dyes was
increased by adding Ag NPs to each dye under the
influence of wavelength 405 and 532 nm, because both
laser wavelengths (405 and 532 nm) fall within the
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absorption spectrum range of Ag NPs. This increased the
NNRI of all the dyes by transferring heat

Table 6 Nonlinear properties of rhodamine B dye after adding Ag
NPs under the influence of different wave lengths.

rhodamine B

nonlinear refractive index value of each pigment under the
influence of the wavelength of 650 nm. The large values of
the nonlinear refractive index at short wavelength can be
attributed to the high energy of these photons compared to
other wavelengths. Higher energy photons can excite
samples to higher energy levels. This means more non-
radiative relaxation processes and hence higher
temperature, leading to higher associated nonlinearities
(34,35). The nonlinear refractive index values for each dye
were calculated before and after adding nanoparticles
under the influence of different wavelengths and listed in
Tables 6, 7 and 8 below.

Table 8 Nonlinear properties of saffron dye after adding Ag NPs
under the influence of different wave lengths.

C nz
Anm) | (mM) | lo(MW/m?2) Lefi(m) AT (m2/W)

0.05 2.92%10
405 | Rdh | 91056 0.00098994 | 1.60559 | 12

0.05

Rdh

B +Ag 4.54*10"
405 | NPs | 91.056 0.00098296 | 2.479865 | 12

0.05 3.10%10
532 | Rdh | 17751 0.00090251 | 2.332386 | 1

0.05 3.74*10°
532 | Rdh 17.751 | 0.0009112 | 2.842105 1

0.05 2.55*10"
650 | Rdh | 58331 0.000996 | 0.57916 | 22

0.05 9.75*10-
650 | Rdh | 58331 0.000998 | 0.2215 | 3

Table 7 Nonlinear properties of methylene blue dye after adding
Ag NPs under the influence of different wave lengths.

methylene blue

2 n2
Anm) | C(mM) | lo(MW/m?2) Lefi(m) AT (M2/W)
* -
405 0.05 89.707 0.000997 | 0.877841 1.61*10
MB 12
0.05
1.94*10
405 MB +Ag 89.707 0.000991 | 1.052083 912 0
NPs
* -
532 0.05 13.585 0.000984 | 0.54494 8.67710
MB 12
0.05 "
. 10
532 MB +Ag 13.585 0.000989 | 0.61149 9 6812 0
NPs
0.05 :
650 MB 39.181 0.000901 | 4.13901 3*1011
0.05 1
650 MB + 39.181 0.000927 | 2.65094 1'81 10
Ag NPs

from the Ag NPs to the dye solution where the thermal
kerr effect appeared. Light energy is efficiently absorbed
and then transferred to water via non-radiative relaxation
processes. This increases the local temperature in the
water. The temperature gradient leads to a change in the
local refractive index because the local refractive index
decreases with increasing temperature for most liquids
such as water. By observing the results in figure 14 , we
find that the nonlinear refractive index values of all the
dyes decrease when Ag NPs are added to them under the
influence of the wavelength of 650 nm. This is because the
laser wavelength (650 nm) lies outside the absorption
spectrum of Ag NPs. This resulted in a decrease in the

Saffron
C Ny
Anm) | (mM) | lo(MW/m?) Lere(m) AT (m2/W)
1.47*10
0.05 | 18548 | 0.0009572 | 1.59195 7710
405 | SAF
0.05 3.48%10
sos | SAF 16.862 | 0.0009369 | 3.35676 "
* -
005 | 39689 | 000098609 | 0.69208 | 12310
532 | SAF
0.05 1.50%10
o | 11853 | 000098588 | 0.820873 | 9T
532
* "
0.05 4212 0.000996 | 0.241206 | 24710
650 | SAF
0.05 1.42*10
A | 4212 0.000994 | 0.232597 |~
650
CONCLUSIONS

The structural properties of Ag NPs were studied, and it
was found that they have a spherical shape and an average
size of about 13.58 nm. It was also noted that silver
nanoparticles (Ag NPs) have an absorption spectrum in the
visible spectrum region at the highest wavelength of 419
nm because they possess the phenomenon of surface
plasmon resonance (SPR). The behavior of rhodamine B,
methylene blue and saffron was studied in terms of linear
optical properties and nonlinear optical responses.

The dyes showed specific absorption peaks, and the
addition of NPs also affected the characteristics of the
absorption spectra of the rhodamine B and MB dyes. The
reason for this increase is due to a phenomenon called
“plasma-induced quenching.” This phenomenon occurs due
to various processes such as energy transfer, or electron
transfer. Addition of Ag NPs to the saffron dye solution
increased the absorption spectrum of the dye, The highest
value of the absorption coefficient for pure rhodium
tincture was 222.86 cm, and for saffron dye tinged with
Ag NPs was 486.98 cm 1. This increase in absorption can be
attributed to the interaction between saffron dye
molecules and Ag NPs. The Ag NPs also affected the
characteristics of the fluorescence spectrum of Rdh B and
MB dyes. The increase in the fluorescence spectrum of the
dyes with the addition of nanoparticles can be explained
through the phenomenon of fluorescence resonance
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energy transfer. Rhodamine B dye showed the highest
nonlinear response at 405 nm excitation wavelength, and
Ag NPs enhanced their response at the same wavelength.
Likewise, methylene blue and saffron dye showed
significant nonlinear responses, especially at the maximum
dye absorption wavelength, which was further enhanced
by Ag NPs, as the best nonlinear response of the dyes was
after the addition of Ag NPs under the influence of a 405
nm laser because it falls within the spectrum absorption of
Ag NPs ,The highest value of the nonlinear refractive index
for saffron dye a doped with Ag NPs at a 405 nm laser was
3.48 x10-11,

The results of this study indicate that the addition of
nanoparticles can enhance the nonlinear properties of
these dyes, as the thermal Kerr effect appeared in all
samples studied, which leads to improvement in
applications that require optical behavior, such as optical
power limiters, sensors and improving solar cells. The
improvement also led to the improvement of the linear and
nonlinear properties. Linearization of dyes by adding Ag
NPs to their use as an active laser medium in random
lasers.
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