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ABSTRACT

The ongoing research involves the synthesis of nanocomposites incorporated
into polymer materials and investigating their linear, nonlinear, structural, and
form optical properties for applications in the field of nonlinear optics. The
addition of nanocomposites to polymer materials can enhance and improve
many properties, making them appropriate for a wide range of applications. The
utilisation of additive nanocomposite manufacturing is highly advantageous
in the domain of nonlinear optics (NLO) and its various applications,
primarily due to its significant nonlinear response and extensive spectral
transparency. Three nanocomposites, namely Ag Se+PVA, Ag Se+PMMA, and
Ag Se+PEO, were synthesised using chemical methods. The characterisation
of these compounds was performed using XRD, FESEM, EDX, FTIR, RSS,
and PL techniques. The UV-VIS spectra were used to study the linear optical
characteristics of all the generated samples at various concentrations by adding
different polymers. The findings indicated a positive correlation between
increasing concentrations and higher absorbance at the same wavelength.
Moreover, the Ag Se+PVA compound exhibited greater absorption compared
to the two preceding compounds. The fluorescence of all generated samples
was quantified, and the findings indicated an inverse relationship between
concentration and fluorescence, whereby an increase in concentration led to
a decrease in fluorescence. The nonlinear calculations involved utilising the
Z-Scan technique in two scenarios: open aperture and closed aperture. This
was done to determine the values of the nonlinear refractive index (n2) and
the nonlinear absorption coefficient (B). The Ag Se+PVA compound exhibited
superior nonlinear behaviour compared to the two prior compounds. The tests
were conducted using a solid-state pump diode laser with a wavelength of 405
nm and a power output of 2.94 mW.
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INTRODUCTION

Nanomaterials science

encompasses the

characteristics that differ from their larger

process of creating, combining, and analyzing
materials that have at least one dimension within
the range of 1 to 100 nanometers. The emergence
of this field is a direct consequence of the progress
made in nanotechnology, enabling us to influence
matter at the nanoscale. Nanomaterials have
distinctive physical, chemical, and mechanical
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counterparts, rendering them valuable in various
applications. Nanomaterials are well-suited for
applications such as catalysts, sensors, and energy
storage devices due to their very high surface area-
to-volume ratio. Moreover, their distinctive optical
and electroniccharacteristics render them valuable
inthe fields of electronics, photonics, and biological
applications [1]. Nanomaterials encompass a
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wide range of variants, such as nanoparticles,
nanotubes, nanowires, and quantum dots. These
materials can be synthesised utilising several
techniques such as chemical vapour deposition,
sol-gel process, and electrochemical deposition.
While nanoparticles hold great potential for
various applications, there are also legitimate
worries regarding their possible environmental
and health consequences [2]. Nanomaterials
science encompasses the comprehension of the
toxicity and potential hazards linked to nanoscale
substances. In general, this field is seeing
significant growth and offers numerous intriguing
opportunities and challenges. Nanomaterials
have a considerable impact on optics because of
their distinct optical characteristics, which result
from their small dimensions and the way their
electrical and plasmonic behaviour is influenced
by their structure. These materials have the ability
to engage with light in innovative manners, which
enables the creation of new optical devices and
applications [3]. Nanomaterials have significantly
influenced the advancement of plasmonics, a field
that focusses on the interaction between light
and surface plasmons in metallic nanostructures.
Plasmonics has facilitated the creation of novel
sensor technologies, imaging methodologies,
and optical communication systems. Plasmonic
sensors that utilize metallic nanoparticles have
the ability to detect minute variations in refractive
index or molecular binding occurrences. This
makes them valuable for identifying biological
molecules and other substances of interest.
Nanomaterials have also been utilized in optics
for the advancement of metamaterials, which
are artificially designed structures capable of
manipulating light in ways that are not achievable
with natural materials. Metamaterials possess
negative refractive indices, enabling the creation
of flawless lenses and other devices capable of
manipulating light in innovative manners [4].
Nanomaterials are utilized in the advancement of
novel optical devices, including nanoscale light-
emitting diodes (LEDs), which hold promise for
applications in displays and lighting. In addition,
they are being utilized for the advancement of
novel solar cells that exhibit higher efficiency
compared to conventional silicon-based solar cells,
owing to their capacity to catch a broader range of
the solar spectrum. In general, the distinct optical
characteristics of nanomaterials have resulted in
numerous significant advancements in the areas

of spectra and optics. These advancements have
the potential to be used in various fields like as
sensing, imaging, communications, and energy [3].
In order to fully utilize the nonlinear material, it is
necessary to accurately determine and understand
its nonlinearity. Various methods exist for
analyzing the nonlinearity of materials [3-7]. The
z-scan approach, proposed by S. B. Mansoor et al.
in 1989, is an easy and precise method [8,9]. The
z-scan technique utilizes the detection of spatial
distortion in a solitary beam within the nonlinear
medium to quantify the nonlinear refractive
index, n2. Furthermore, the determination of the
nonlinear absorption coefficient B of the medium
can be achieved by measuring the transmission of
a single light beam as it traverses the nonlinear
media, while varying the intensity of the beam.
The technique achieves beam intensity change
by moving the nonlinear sample across the focal
plane of the laser beam [8,9]. The nonlinear
refraction is one of the consequences of the real
component of the third-order susceptibility of a
material. The phenomena described results in the
alteration of the laser beam’s focus or defocus,
depending on the positive or negative value of
the refractive index n2. The presence of this non-
linear characteristic can be ascribed to various
physical factors, which vary depending on the
characteristics of the nonlinear medium [10,11].
The importance of the nonlinear refraction and
the underlying mechanisms vary depending on
the characteristics of the medium. Furthermore,
the nonlinear refraction is greatly influenced by
the surrounding environment of the nonlinear
medium [12,13]. The impact of this phenomenon
has been well investigated for several substances
[11-15]. The interactions between the solvent and
solute, as well as the overall physical properties of
the solvent, have an impact on both the type and
the extent of nonlinearity shown by the solute. For
instance, the polarity of the solvent, its capacity
to donate or receive a hydrogen bond, and its
thermal properties might alter The nonlinearity
of the solute refers to the deviation from a linear
relationship between the concentration of the
solute and its corresponding property or behavior
[11-15].

MATERIALS AND METHODS
Materials

The PVA polymer (Merck,Germany), (kuraray),
the PMMA polymer(United Kingdom), (ICl), the
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PEO polymer(Germany), the Se element(INDIA),
(Central Drug House), the Ag element(Japan)

Methods

The three nanocomposites were synthesized
using the following procedure. Initially, we
synthesized the three polymers. The PVA polymer
was synthesized by introducing 1g of it into 100 mL
of deionized distilled water using a homogenizer.
Similarly, a solution was prepared by dissolving
1g of PMMA in 100 mL of acetone, and another
solution was prepared by dissolving 1g of PEO
in 100 mL of deionized distilled water. Next,
we synthesized the AgSe nanocomposite by
introducing a quantity of (3.14) g of Na,SeSO, to a
concentration of (0.98) g of Se. We placed it on the
mixer and allowed it to remain there for around
45 minutes, while maintaining a temperature of
90 C within the convection oven. Subsequently,
upon subjecting the product to filtration, the
colour of the solution transitioned to a white
hue. Subsequently, a solution consisting of (0.08)

g of AgNO, and 5 mL of water was prepared and
subjected to homogenization until the solution
turned white in colour. For the final stage, 5 mL
of the prepared Na,SeSO, solution was added to
5 mL of PVA, PMMA, and PEO. This mixture was
then combined with 5 mL of previously prepared
AgNo3 and placed in a homogenizing device for 15
minutes. The solution was considered complete
when its colour turned black. The light sources
employed in this study consist of a continuous wave
(CW) laser emitting radiation with a wavelength of
405 nm, as well as Gaussian radiation.

RESULTS AND DISCUSSION
Field emission scanning electron microscopy
(FESEM)

Typically, the nature of the polymer
influences the shape and size of molecules, as
longer polymer chains have the ability to coil
more extensively, leading to the formation of
smaller molecules. Polymers that exhibit strong
intermolecular forces likely to undergo chemical
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Fig. 1. Shows the experimental procedure as a block diagram of the main steps that are followed in this work.
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reactions resulting in the formation of bigger intermolecular forces. Branched polymers result
molecules compared to polymers with moderate in molecules with a more non-uniform shape in
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Fig. 2. FESEM image of Ag Se+PVA.
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Fig. 4. FESEM image of Ag Se+PEO.
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comparison to linear polymers. The morphology
of AgSe+PVA, AgSe+PMMA, and Ag Se+PEO
is being studied. The nanocomposites’ surface
was examined using FESEM. Fig. 2. The surface
morphology is characterized by a spherical form
and a rough texture. The particles exhibit distinct
characteristics, with a wide range of sizes, and
an average particle size of approximately 40 nm.
Fig. 3 demonstrates that the surface morphology
is characterized by a rough and almost spherical
shape, as indicated by the uneven and irregular
texture of the surfaces. Additionally, the average
particle size is approximately 35nm. Fig. 4 depicts
a surface that is almost spherical. The roughness
of the compound is caused by the interaction
between electrons and the uneven surface. The
mean particle size is approximately 30 nanometers
[12].

EDS Results

To conduct a study on Ag,Se.An analysis of
the materials was conducted to determine their
chemical makeup using EDS readings. Figs. 5a and
b Display the energy-dispersive X-ray spectroscopy
(EDS) spectra of Ag,Se+PVA and Ag,Se+PMMA.
The EDS signals provide evidence of the existence
of selenium, silver, and sodium in the compounds.
The substance exhibits three distinct peaks
corresponding to the presence of selenium, silver,
and sodium. Fig. 5.The provided data displays
the energy-dispersive X-ray spectroscopy (EDS)
spectra of Ag Se+PEO. The EDS patterns validate
the existence of selenium and sodium in the
compounds. The material exhibits two distinct
peaks, one corresponding to selenium and the
other to sodium. The three shapes depict a graph
that presents the elemental analysis of selenium,
silver, and sodium. Table 1 displays the weight
composition ratio of Ag.Se added to PVA, PMMA,
and PEO in terms of elemental composition.

Raman Scattering Spectroscopy

The precise frequencies at which the peaks of
each band occur were determined using Raman
spectroscopy. In order to obtain the most precise
Raman spectra, each spectrum was partitioned
into three distinct peaks and thereafter examined
individually. The low frequency zone is primarily
characterized by audio tones, while the medium
frequency range involves mixes of audio and
optical phonons. Fig. 6 displays the Raman shift
of Ag,Se+PVA nanocomposites.(a) Additionally,

J Nanostruct 15(1): 14-14, Winter 2025
(@)er |

there is a concentrated and distinct line spectra at
a frequency of 3400 cm™. The high Raman mode
is linked to the vibrations of the C-H and N-H
groups. The high vibrational frequencies of these
connections are a result of the rapid movement
of light atoms with minimal resistance. Fig. 6b
The compound Ag Se+PMMA exhibits many high-
frequency areas consisting of sound phonons with
frequencies of 2000, 2400, 2800, 3000, and 3400
cm™.The intensity of the peaks in the Raman mode
varies depending on the vibrations of specific
chemical bonds (N-N, C=H2, N=C=0, N=N, C=N,
0O-H). As the structure of the compound changes,
the number and intensity of these peaks increase,
indicating a large number of molecular vibrations
in the high frequency region. Fig. 6. The compound
Ag Se+PEO exhibits many high-frequency areas
consisting of sound phonons at frequencies of
3100, 3200, 3300, and 3400 cm™. The intensity of
the peaks in the Raman mode varies depending on
the vibrations of specific chemical bonds (N=C=0,
N=N, C=N, O-H). As the structure of the compound
changes, the quantity and intensity of these
peaks increase, indicating a significant number of
molecular vibrations in the high frequency area
[13].

FTIR Spectra results

The FTIR transmission spectrum of Ag Se is
revealed in Fig. 7a Where the strong bands at 635
cm™ and 1637 cm™ are associated with Vibration
and expansion of the benzoinoid and quinoid
ring, respectively [14,15].Regions extending
over a range of approximately 1500 to 4000
wavenumbers (cm™).A peak in the range of 2800-
3000 cm™ usually indicates the presence of C-H
bonds (such as those found in alkanes).

Fig. 7b Regions of high absorption occur at
wavelengths:3342.66 cm™, 1639.54 cm™, 1369.09
cm?, 1236.84 cm?, 1094.68 cm?, 660.69 cm™.
Absorption occurs because molecules in the
sample absorb energy from infrared radiation at
these specific wavelengths. This absorbed energy
causes the bonds in the molecules to vibrate.
The wavenumbers at which absorption occurs
depend on the strength and type of the chemical
bond, where the peak at 3342.66 cm™ is a broad
peak that can be indicative of O-H stretching in
alcohols and phenols or N-H stretching in primary
amines. The peak at 1639.54 cm™ is a strong peak
indicating C=0 stretching in different functional
groups such as ketones, aldehydes, carboxylic
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Fig. 5. (a)Typical EDX spectra of Ag Se+PVA, (b) Ag,Se+PMMA, and (c) Ag,Se+PEO

Table 1. Weight of element composition % of EDS resulting from Ag,Se added to PVA, PMMA, PEO

Element Ag>Se+PVAW% Ag>Se+PMMAwW% Ag>Se+PEO w%

C 21.63 24.16 12.70
N 5.80 - -

0] 30.44 26.52 32.75
Na 15.40 13.68 27.53
S 9.47 11.83 22.61
Se 8.37 13.60 4.41
Ag 8.90 10.20 -
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acids, amides and esters. [16,17].

Fig. 7c High absorption occurs at the wavelength
3259.58 cm™: This can be due to O-H stretching in
alcohols, phenols or carboxylic acids .1634.33 cm’
. This is likely due to C=0 expansion in ketones or
carboxylic acids .1066.39 cm™: This may be due
to the expansion of carbon dioxide in alcohols or
ethers .650.57 cm™: This is a broad peak that can
be due to several things, including C-Br stretching
in the haloalkanes. When the energy of a light
wave matches the vibrational energy of a bond
in a molecule, the molecule can absorb light.
This causes the bond to vibrate more intensely.
Different bonds vibrate at different frequencies.
As a result, different molecules absorb light at

different wavelengths in the infrared spectrum.
[18,19,20].

XRD results

This technique is employed to determine the
characteristics of the crystal structure and primary
crystalline phases, as well as the orientation of
the materials prepared under specific conditions.
It is also used to ascertain certain structural
parameters, such as crystal size and full width
at half maximum (FWHM). From Fig. 8a X-Ray
diffraction for Ag Se+PVA, the peak intensity at
20=29°There is also diffraction at 26=33.5°,41°,
The material’s crystal structure. The presence of
different phases in the material (for example, a
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Fig. 6. Raman spectral for (a) Ag,Se+PVA, (b) Ag Se+PMMA, and (c) Ag,Se+PEO.
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mixture of crystalline and amorphous phases) but
the most crystalline one is due to the high purity
of the material produced. The intensity of the
peaks is quite an indicator of the good crystalline
nature of the prepared nanoparticles (the size of
the individual crystals in a polycrystalline material)
and the tension in Article [21]. From Fig. 8b X-Ray
diffraction for Ag Se+PMMA, Peak intensities at
26=28°, intensity of the peaks is quite an indicator
of the good crystalline nature of the prepared
nanoparticles [22]. Some structural parameters
include a crystalline size of about 10 nm and a full
width at half maximum (FWHM) of about 0.2°.
Narrow peaks indicate that the material is mostly
crystalline [23]. From Fig. 8c X-Ray diffraction for
Ag Se+PEO, the Peak intensity is at 26=27.5°, the
material present is cubic crystals, and the presence

100

100

of multiple phases (amorphous and crystalline)
can be indicated by broad peaks along with sharp
peaks in the XRD, there is a great purity of the
produced material, as the intensity of the peak is
a complete indicator of the good crystalline nature
of the prepared nanoparticles.

Fluorescence Spectra Information

After preparing three compounds and taking
the absorption spectra of these compounds
when added to different polymers, their emission
spectra were recorded using a fluorescence
spectrometer. Fig. 9 shows the fluorescence
spectra of AgSe added to PVA, PMMA, and
PEO polymers. At higher concentrations, the
fluorescence intensity reaches a specific value
and then decreases with increasing concentration.
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This behavior is reported in the literature [24].
Upon adding polymers to silver nitrate, we see
a rise in fluorescence intensity, indicating an
increase in compound concentration. However,
this increase is not sustained. The addition of
Ag2Se+PVA results in the production of molecular
clumps (aggregations), which subsequently leads
to a reduction in the emission spectrum [25]. At
low concentrations, the addition of Ag Se+PMMA
results in strong electronic transitions (S1 to SO),
leading to improved fluorescence. This approach is
feasible, however, at the maximum concentration,
it results in the formation of aggregations among
the molecules of the substance. The emission

spectrum diminishes due to an escalation in the
rate of radioactive decay. From the image, it is
evident that as the concentration grows, the
peaks of the fluorescence spectra curves shift
towards longer wavelengths. Additionally, the
width of the fluorescence spectrum increases to
a certain extent with increasing concentration, but
then starts to decline as the concentration further
increases.

Linear Optical Properties

Figs. 10a ,b, ¢ and d) displays the linear
absorption spectra of nanocomposite samples.
The latest findings indicate that the absorption
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peaks exhibited a greater shift towards longer
wavelengths when silver selenide (Ag,Se) was
added to PVA compared to when PEO and PMMA
were added. The transition is a result of the
electronic and vibrational states of the molecules
near the interface, causing enhanced absorption of
all molecules. The occurrence of nanocomposites
in the UV area is considered to be a result of the
excitation of high occupied molecular orbital
(HOMO) electrons to low occupied molecular
orbital (LUMO). The nanocomposite samples
exhibit a significant level of absorption in the
UV region because the photons possess enough

energy to interact with atoms. This interaction
causes the electrons to transition from a lower
energy level to a higher energy level by absorbing
a photon with a certain energy. The primary
absorption in absorption spectra signifies the
transition between energy bands or excitement.
The nanocomposite samples exhibitlow absorption
values in the visible and near-infrared ranges.
This behaviour can be explained by the fact that
the energy of the incident photons is insufficient
to interact with atoms. As a result, the photons
are able to pass through when the wavelength
lowers and the energy required for transmission
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Fig. 11. (a) Z-Scan data for (Ag,Se+PVA),(b) (Ag,Se+PMMA),(c) (Ag,Se+PEO),and(d) (Ag,Se+PVA+PMMA+PEO).

Table 2. The linear optical parameters at A=405 nm

. . Extinction Absorption
-1
Materials ao (cm?) Transmittance Coefficient Energy Gap(ev) Coefficient
Ag.Se+PVA 0.967 0.12499 3.83E-06 6.369 2.228
Ag.Se+PMMA 0.957 30.8906 6.73526E- 07 1.124 0.391
Ag.Se+PEO 0.170 0.10937 3.90919E-06 6.524 2.273
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Table 3. Nonlinear optical parameters

W.L Power

Materials (nm) (mWw) lo (MW/m?) o (em™) Lest (M) AT n2 (m%/W) no Re x® (e.s.u)

AgaSe+PVA 405 6.41 43.2348 43.7605 0.000978 1.144371 4.43E-12 1.864076 3.91E-06
AgaSe+PMMA 405 3.01 20.3022 39.5989 0.00098 2.8 2.31E-11 1.80098 1.9€-05

Ag>Se+PEO 405 6.41 43.2348 26.9755 0.00099 0.774876 2.98E-12 1.57833 1.9E-06

reduces [26]. Nanocomposites have superior
linear optical characteristics in comparison to non-
nanocomposites, which aligns with the findings
presented in References [27]. The linear refractive
index (NO) and linear absorption coefficient (ao)
are two important properties to consider. The
absorption coefficients of the first and third silver
selenide compounds exceed that of the second
compound, as indicated in Table 1.

Non-Linear Optical Properties

The z-scantechniqueisemployedto quantify the
nonlinearrefractiveindexand nonlinearabsorption
coefficient by separately utilising open and closed
gaps. Figs. 11a, b, ¢ and d show the normalised
permeabilities of Z-Scan measurements for three
different combinations: silver selenide added
to polyvinyl alcohol (Ag,Se+PVA), polymethyl
methacrylate (Ag,Se+PMMA), and polyethylene
glycol (Ag,Se+PEO). The nonlinear effect zone
spans from -4 mm to 4 mm. The transmittance
curve produced from closed-aperture Z-Scan data
shows a peak followed by a valley. This suggests
that the sign of the nonlinear refractive index is
positive (n2 > 0), which leads to the presence of
an Autofocusing lens in these samples [28]. When
the sample is moved out of focus, the Z-Scan
behaviour in the previous figures shows a decrease
in the intensity of the transmitted beam, while the
transmittance remains rather stable. As the sample
moves closer to the beam focus, the intensity of the
beam becomes stronger. This causes the sample
to undergo self-lensing, which helps align the
beam with the aperture in the far field. As a result,
the transmittance measured in situ increases. If
the beam undergoes any nonlinear phase shift
caused by the sample while being moved across
the focal zone, the amount of light reaching the
detector will change due to self-lensing induced in
the material by the powerful laser beam. During
sample translation, the detector will measure a
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signal that exhibits both a peak and a valley. The
location of the peak and trough, in relation to the
z-axis, is contingent upon the nonlinear phase shift
signal. The change in normal permeability from
the peak of the curve to the valley (AT _(p-v)) The
quantity is directly proportional to the magnitude
of the nonlinear phase shift that is transmitted on
the beam. In addition, when the beam passes via
the non-linear media, the ensuing phase shift may
occur Can have either a negative or positive value,
depending on whether self-focusing or defocusing
occurs, In the order mentioned. The magnitude
of the phase shift can be determined calculated
by measuring the difference in permeability
between the highest point and the lowest point.
When the beam is concentrated beyond the
focal plane, self-defocusing occurs, causing an
increase in aberration and broadening of the
beam. As a result, the measured transmittance is
reduced. When the image is not in focus (Z > 0),
the nonlinear refraction is once again minimal,
causing the transmittance to be unaffected by
Z. The produced materials exhibit two-photon
absorption in the open state and self-focusing
in the closed state, as seen in previous studies
[29,30]. The nonlinear parameters were computed
according to the information provided in Tables 2
and 3. The tables demonstrate that the nonlinear
parameters for (n2) reduce as concentrations
decrease, but the parameter (B) increases with
decreasing concentrations. Additionally, the linear
parameters (la and ao) decrease as concentrations
decrease. This phenomenon occurs as a result of
the scarcity of molecules within a certain volume
when the concentration is low. The closed-
aperture Z-scan method is employed to measure
the fluctuating permeability values, which are
subsequently utilized to compute the nonlinear
phase transformation A ®o. The nonlinearity of
the Ag,Se compound is highest when added to
the PVA polymer, followed by the PMMA polymer,
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and lowest when added to the PEO polymer. This
finding is consistent with the reference work
[29,30].

CONCLUSION

The Z-Scan approach was used to determine
the nonlinear behaviour of all chemicals and
successfully prepare nanocomposites. This was
done by employing a CW solid-state diode laser
pump with a wavelength of 405 nm and a power
of 2.94 mW. Ultraviolet and visible spectroscopy
was also used and the optical properties were
determined. Linearity including transmittance,
modulus and refractive index for all samples.
Silver selenide nanoparticles were synthesized
by chemical method, and silver selenide
nanoparticles were examined by Z-Scan, UV, XRD,
FESEM, EDX, FTIR, RSS and PL. It was found that it
has a linear and non-linear response. From FESEM
measurements of nanocomposites, it was found
that the average size of nanocomposites ranges
between (30-40) nm, so they can be used in the
manufacture of highly sensitive nanomaterials as
medical thermal sensors. Absorption increases
with increasing concentration of the compound,
and this agrees well with the Beer-Lambert law,
and thus we will obtain good optical properties
with increasing concentration of the compound,
and this is a suggested behavior for increasing
molecules per unit volume. The fluorescence
decreases linearly with increasing compound
concentration, so these samples can be used
in photoelectronic applications. The nonlinear
parameters (B) and (n2) have a positive correlation
with rising concentrations of compounds.
Therefore, compounds at higher concentrations
can serve as an efficient laser medium and can
be employed for optical limitation purposes. The
linear refractive index (no) and linear absorption
coefficient (ao) of all samples increase with
increasing concentrations. Consequently, these
samples can be utilised as resonator cavities in
liquid crystal lasers and other optical and photonic
devices. The linear optical properties of Ag,Se+PVA
and Ag Se+PEO are better than Ag,Se+PMMA. The
Ag Se+PVA and Ag Se+PMMA nanocomposites
give higher nonlinear optical properties than the
Ag,Se+PEO composite.
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