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Abstract
A Light-Emitting Polymers (LEPs) are materials that absorb light at one

wavelength and emit it at another. They are crucial for applications like LEDs
and displays. Mixing LEPs with plasmonic metal nanoparticles enhances their
optical properties through plasmon-exciton coupling. This phenomenon boosts
light emission efficiency, allows precise control of emitted light, and improves

overall optoelectronic device performance.

The present experimental study focused on improving the optical properties of
the LEPs by doping them with a plasmonic metal nanoparticles. To achieve this
purpose, two types of the LEPs were used MEH-PPV and PFO, which are
dissolved with an organic solvent (Toluene) at different concentrations. In
addition, gold nanoparticles (Au NPs) and silver nanoparticles (Ag NPs) were
synthesized by pulsed laser ablation in liquids (PLAL) method with nanosecond
laser pulses at 1064 nm. The average size of the Au NPs and the Ag NPs, which

were experimentally created from 18 to 35 nm.

To obtain improved optical properties, the MEH-PPV polymer is mixed with
the Au NPs at different concentrations, while the PFO polymer is mixed with

the Ag NPs at different concentrations.

The optical absorption was measured using a UV-Vis spectrophotometer, the

fluorometer, and laser induced fluorescence (LIF) technique for all samples.

The results revealed adjustable optical properties for both LEPs by controlling
the concentration of nanoparticles, which are added to the LEPs. Optimal
emission was observed at a nanoparticle concentration of 500 pulses.

Accordingly, the results show the possibility of using the enhanced LEPs in
many applications, especially in the development of optical devices and
detectors.
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Chapter one Introduction

1-1: Introduction

A Light-emitting polymers (LEPSs) are a class of organic materials that are
capable of emitting light. In the early 1960s, DuPont researchers discovered that
certain organic materials could emit light under certain conditions, which led to
the discovery of the LEPs. However, the first LEP was not effectively
synthesized until the 1980s [1]. The LEPs, or light-emitting polymers, have
grown in significance as a result of their special characteristics and possible
uses. These benefits include environmental friendliness, energy efficiency,
versatility, wide area coverage, and wavelength tenability. Numerous
applications, including lighting, displays, sensors, and photovoltaics, are being
investigated for the LEPs. Large sheets of them can be created, they can be
tweaked to emit light in various hues, and they can be fashioned into flexible
and bendable materials. They are also more ecologically beneficial than

conventional lighting sources since they can be recycled [2].

The LEPs according to their chemical structures are classified physical
properties. The most prevalent the LEPs are conjugated polymers, which
consist of alternating single and double bonds. Phosphorescent polymers are
light-emitting polymers (LEPs) that emit light for a longer duration than
conventional fluorescent materials [3]. lonic polymers are the LEPSs that contain
charged groups, such as quaternary ammonium compounds, and can emanate a

broad spectrum of wavelength.

A Plasmons are collective oscillations of free electrons on metals and other
conductive materials that are capable of interacting with light to produce unique
optical phenomena. In the early 20th century, when scientists were investigating
the optical properties of metals, so that plasmons were first studied [5].



Chapter one Introduction

The Plasmons are a promising technology with numerous potential applications
in disciplines including biosensing, spectroscopy, photonics, and medicine. The
Plasmons that occur at the point where a metal and a dielectric material meet,
such as air or water, are known a Surface Plasmons Resonance (SPR). The SPR
occurs in nanoparticles of metal or other structures with particular geometries.

Bulk plasmons are exist in the bulk of a metal or other conductor [6].

They can be stimulated by light or other means, including an electrical current.
New plasmonic materials and structures with even more advanced properties
and applications are the focus of ongoing research [7]. The effect of plasmons is
related to the interaction of light with unbound electrons in metals and other
conductive materials. When light interacts with metal nanoparticles or other
nanostructures, it can excite plasmons, which can have numerous effects. One
of the primary effects of plasmons is the enhancement of the electromagnetic
field near the plasmonic nanostructure, which can be used to increase the
sensitivity of various spectroscopic techniques [8]. The ability of plasmons to
trap and manipulate light at the nanoscale is another effect of plasmons. Many
nanomaterials, including metallic nanoparticles (such as gold or silver),
graphene, and other two-dimensional materials can generate plasmons. The
plasmonic properties of these substances depend on their size, shape and

composition [9].

The Plasmon can have a significant impact on the optical properties of LEPs,
depending on factors such as the type and size of the plasmonic structure, the
optical properties of the LEPS, and the distance between the plasmonic structure
and the LEP. The Plasmons can also reduce the intensity of fluorescence
emission by quenching fluorescence emission [10]. The Plasmon can also result
in LEPs degradation, as the enhanced electromagnetic field close to the

plasmonic structure can generate reactive species that can degrade the polymer.

2
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Plasmons can also modify the LEPs absorption and emission spectra, resulting
in color and luminance changes. Excitons are electron-hole pairs formed when a
light-emitting polymer absorbs a photon and can degrade either radiatively or
nonradiatively. Researchers are actively examining the plasmon- exciton
Interaction in order to create new plasmon-enhanced optical devices and sensors

with enhanced sensitivity, color purity, and resolution [11].

Coupling between a plasmon generated by nanoparticles and an exciton
generated by LEPs is a complex phenomenon that can have a substantial effect
on the optical properties of the system [12]. The Plasmon on the other hand, are
the collective oscillations of unbound electrons within a nanoparticle metal.
Long-range interactions can facilitate coupling between the nanoparticle and the
LEPs [13]. This coupling can result in a number of fascinating optical
phenomena, including the enhancement or suppression of fluorescence, the
modification of the emission spectrum of the LEPs, and the modification of the
plasmonic resonance frequency. These effects have significant implications for
the design of plasmon-enhanced optoelectronic devices such as solar cells, light
sources, and sensors [14]. The focus of research is on developing new materials

and enhancing their properties for diverse applications [4].
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1-2 Literature review

In 2010, Paulo B. Miranda et al. [15], studied the photoluminescence
properties of MEH-PPV, a kind of PPV-based polymer, under UV excitation.
They found that the photoluminescence efficiency decreases for excitation
energies between 2.1 and 2.5 eV, but is higher for energies below the
absorption maximum. These results indicate that the states excited in UV light
relax non-radiatively rapidly to the lowest state. The authors also note that
typical photoluminescence is only detected during UV photocatalysis, and that
the emission properties are affected by morphology, excitation energy, and
temperature. The study indicates that spectral overlap in the MEH-PPV induces
energy transfer and interband shifts, leading to rapid excited-state energy
relaxation and non-radiative decay channels. These results have implications for

the performance of polymer-based conjugated optoelectronic devices.

In 2013, Gao et al. [16], studied the effect of silver nanoparticles on the
emission of poly(9,9-dioctylfluorenyl-2,7-dil) (PFO). The authors observed an
increase in the intensity of the PFO emission when silver particles were present
in the system. This enhancement is attributed to the localized surface Plasmon

resonance (LSPR) effect exhibited by the silver nanoparticles.

In 2012 , Mucur et al. [17], investigated the influence of silver (Ag) conductor
and titanium dioxide (TiO2) semiconductor nanoparticles on polymer organic
light-emitting diodes (P-OLEDs). Composite layers, incorporating these
nanoparticles into the hole transport layer (PEDOT:PSS) and the emissive layer
(MEH-PPV), were fabricated using solution processing. The resulting P-
OLEDs exhibited improved efficiency (up to 45%) when incorporating Ag
nanoparticles, with TiO2 nanoparticles enhancing threshold and turn-on
voltages. The electroluminescent spectrum was minimally affected by Ag
nanoparticles but shifted to shorter wavelengths with TiO2. Inserting TiO2 into
4
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the hole transport and MEH-PPV layers enhanced device performance,
including a 38% increase in luminance. Both semiconductor and conductor
nanoparticles facilitated more efficient charge injection, transport, and
recombination. However, further research is needed to explore device stability

and lifetime.

In 2015, Xiaoyan et al. [18], investigated the impact of strategically
incorporating gold nanoparticles into polymer light-emitting diodes (PLEDs) to
enhance efficiency. By leveraging the unique "far-field" effect of gold
nanoparticles, the research aims to optimize light emission and overall device
performance. The findings suggest that the intentional integration of these
nanomaterials holds great promise for advancing PLED efficiency in
optoelectronic devices. The study concludes by summarizing key discoveries
and outlining potential implications for the field, highlighting the significance
of utilizing gold nanoparticles with distinct optical properties for future

advancements in PLED technology.

In 2016, T.H.T. Aziz et al. [19], The study investigated the impact of surface
grinding on Ag nanosheets on the electroluminescent properties of Ag polymer
light-emitting diodes. The diodes featured a Poly (ethylene-co-hexamethylene
2,5-furandecarboxylate) (PEHF) layer as the photo-emitting device,
incorporating 5 wit% Ag nanosheets. Results revealed a significant 51.85%
increase in electroluminescence intensity compared to devices lacking Ag
nanosheets. This enhancement was attributed to the interaction between surface
Ag ionophores and light emitted by PEHF. The conjugation process was
validated by the shorter PEHF:Ag layer lifetime, measured through time-
resolved photoluminescence spectroscopy. Additionally, the overlap between

the photoluminescence peak of PEHF at 425 nm and the absorption peak of

5
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surface Ag nanosheets was demonstrated. Overall, the study highlighted that
Integrating Ag nanosheets into the diode's photodiode layer could boost
electroluminescence brightness through the coupling of Ag surface Plasmon

and light emitted from the PEHF polymer.

In 2017 ,Yingjie Zhang et al. [20], studied the performance and operational
stability of polyethylene (PEI)-based electron injection layers used in solution-
cured organic light-emitting diodes (OLEDs). The cathode metal used in
contact with the EIL determines the main mechanism of degradation in these
OLEDs. The operational life of OLEDs can be increased to more than 1000
hours without device performance degradation by using a mixture of PEI and
ZnO nanoparticles as EIL to significantly reduce the emitter/PEI/Al interface
degradation by excitons. The results of this work show that efficient and
reliable OLEDs can be produced using electron injection materials that have

undergone solution processing.

In 2019 ,Ruizhi Wang et al. [21], studied the optical properties of poly[2-
methoxy-5-(2-ethylhexyloxy) -1,4-phenylenevinylene] (MEH-PPV) films using
absorption and photoluminescence spectra at different temperatures below 200
K. Interchain coupling was stronger in the films generated from the
chlorobenzene solution compared to those from the chloroform solution.
Annealing the MEH-PPV films at 420 K and 520 K significantly increased the
coupling between the chains, resulting in an H-complex-like behavior that
dominates the PL properties. The research confirmed that the HJ aggregate
model can be applied to describe the photophysical properties of cross-linked

polymer films using adjustable interchain coupling.

In 2022 , Tooba et al. [22], studied the interaction between silver nanoparticles'

surface plasmon resonance (SPR) and poly(9,9-dioctylfluorenyl-2,7-diyl) (PFO)
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emission properties. They found that the SPR of silver nanoparticles can
enhance PFO's emission intensity and quantum yield. The study found that
when silver nanoparticles were incorporated, their SPR could interact with
PFO's emission properties, resulting in an enhancement of PFQO's emission
intensity and quantum yield. This interaction played a crucial role in improving
PFO's emission properties.

In 2019, politesi.polimi.it et al. [23], studied the surface interactions between
the semiconducting) poly(3-hexylthiophene) (P3HT) polymer and the
electrolyte solution. They used plasmonics to characterize this interface but ran
into limitations due to the hydrophobic nature of the polymer, which prevented
the solution from penetrating into the block. Despite this, they observed a
resonance enhancement of polymer absorption and suggested potential
applications in improving implant performance and providing optical filtration.
They proposed alternative methods such as the deposition of gold nanoparticles
on the polymer surface or increasing the porosity of the film to improve the
local pH resolution. The study emphasized the potential of plasmonics in
enhancing polymer adsorption and called for further research to overcome
challenges and refine characterization techniques.

In 2020, Kesavan et al. [24], Study confirming the formation of complex
nanoparticles of poly(2-methoxy-5-(2=-ethylhexyloxy)-b-phenylphenylene) NP
adsorbed with Au NPs by high-resolution electron microscopy and infrared
Fourier experiments. The photoluminescence (PL) efficiency of laser
microscopy of the complex increased significantly compared to that of single
MEH-PPV NP without Au NPs, which was directly confirmed by images of the
color charge-coupled device. The improved PL efficiency may have arisen from
the energy transfer effect of surface flour resonance coupling and/or the strong

local field enhancement at the nanoscale.
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In 2021, N. S. Shnan et al. [25], studied the optical properties of polymer
solutions with different concentrations of rhodamine dye with the aim of
creating an efficient waveguide. Polyvinyl pyrrolidone (PVP) and polyvinyl
alcohol (PVA) polymers in different ratios were used to create a three-layer
waveguide, the central layer of which has a greater refractive index than the
upper and lower layers. The best laser emission performance was demonstrated
by the PVA + RhB (10-4M) model, while the highest signal transmission
performance was demonstrated by the PVA + Rh6G (10-5M) model. In
addition, the surface plasmon resonance (SPR) effect generated by silver
nanoparticles (Ag NPs) in the samples altered the pumping threshold and
improved the waveguide effectiveness. The fluorescence and absorption spectra

of the polymer dye solutions were shown.

In 2021 ,N.S. Shnan et al. [26], Used a laser to study surface Plasmon
resonance (SPR) on nanomaterials (gold and silver). Four samples of varying
composition were illuminated with two lasers: a green laser (532 nm) and a blue
laser. Its wavelength is (402 nm), and the findings showed that the green laser
produced the greatest SPR irritation for the gold sample, while the blue laser
produced the best SPR irritation for the silver sample. The blue piezo laser is
employed, and as its power increases, the interaction between the rise in energy

and the increase in concentration occurs.

In 2021 , Zhao et al. [27], studied the coupling between gold nanoparticle
erosion and photoluminescence in organic polymers with different doping
concentrations. They found that gold nanoparticles with different doping
concentrations can enhance the emission intensity of organic polymers. The
study aimed to explore the interaction between the occlusivity of gold
nanoparticles and photoluminescence, revealing that the extent of improvement

differed with different doping concentrations of gold nanoparticles

8
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1-3 Aim of the Work and Research Motivation

The current study aimed to improve the optical properties of two types of light-
emitting polymers (MEH-PPV and PFO). This improvement in properties
depends on adding metal nanoparticles (Au NPs, and Ag NPs) at different
concentrations to the light-emitting polymers. The optical properties of the
LEPs are improved by taking advantage of the phenomenon the coupling
between the Plasmon generated from the nanomaterials and the exciton

generated from the light-emitting polymers.
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Chapter two Theoretical part

2-1 Introduction

This chapter describes the basic concepts, theories and physical phenomena of
light-emitting polymers as well as of metal nanoparticles and their generation. It
also describes the optical properties of light-emitting polymers and the

Importance of improving them.

2-2 Surface Plasmon Resonance (SPR)

A Surface Plasmon resonance (SPR) is a physical phenomenon that occurs
when polarized light interacts with a thin metal film (near or on surface) this
property appears clearly in gold, silver, and copper in the visible light region
and is responsible for the change of color when these elements reach the size of
the nanoparticles. the photons are transferred to the free electrons on the surface
of the metal, causing them to oscillate collectively. This collective oscillation of
electrons is called a surface Plasmon [28,29]. The SPR has many applications in
physics and engineering, including biosensing, surface-enhanced spectroscopy,
and nanophotonics. It is used to detect biomolecular interactions, enhance
signals from Raman scattering, fluorescence, and other spectroscopic
techniques, and manipulate and control light at the nanoscale, enabling new
applications in optical communication, sensing, and imaging [30,31]. Plasmon
nanostructures are a major part of nanophotonics that can trap electromagnetic
waves smaller than the diffraction limit, and nanofabrication techniques are
helping to increase their applications [32]. When electromagnetic waves fall on
a metal surface, they will accelerate electrons and cause polarization which
results in a restoring force that causes the metal's free electron to oscillate as
shown in the Figure (2-1). This fluctuation is quantize and the fluctuation of
free electrons is a quantization of plasma fluctuations and is called a surface
Plasmon Resonance [33]. Depending on the shape, there are two types of
surface plasmons: surface Plasmon polaritons (SPP) and localized surface
Plasmon (LSP).

11
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Gold film

Electric field
Electron
cloud

Fig (2-1): Surface resonance of metal nanoparticles [34]

2-2-1 A Surface Plasmon Polariton (SPP)

Surface Plasmon Polariton (SPP) is a collective oscillation of electrons at the interface
between a metal and a dielectric (insulator) material. It typically occurrs at optical
frequencies. This phenomenon is a result of the coupling between electromagnetic

waves and the free electrons on the metal surface. [35].

Dielectric z

N A N\ N\ AR

Metal

Fig (2-2): surface Plasmon polariton [36]
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2-2-2 A Localized Surface Plasmon (LSP)

The LSP is a phenomenon in physics that occurs when a localized
electromagnetic field is generated around metallic nanoparticles due to the
collective oscillation of their conduction electrons in response to an incident
electromagnetic wave [152]. The interaction between the incident
electromagnetic wave and the metallic nanoparticle is described by the Plasmon
resonance condition, which is determined by the size, shape, and composition of
the nanoparticle. Applications of LSP include the study of plasmonics, the
interaction of light with matter at the nanoscale, and the development of new
materials with unique optical properties. It also has potential applications in

energy harvesting, optical communication, and information storage [37].

Electric
field

|/
Metal /

sphere

Electron
cloud

Fig (2-3): Localized Surface Plasmon [38]

Surface Plasmon Resonance (SPR) is the interaction of electromagnetic fields
with metallic nanostructures, elucidated through the application of Maxwell's
equations. Maxwell's equations for the electromagnetic field of a given system
describe the categories involved 1- Electric field strength (E) 2- Electric
displacement (D) 3- Magnetic field (H) 4- Magnetic motive (B) [39].

VE=2 ... ....2-1]

€o
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VB=0 ... (2 =2)
= 9B
VXE——H (2_3)
N aE N
VXB X Ho€o X —— ¥ o J i (24

(o) (€o): Permeability and Permittivity of free space.

pe:total charge density.

J: is the total current density.

The incident external electric field excites the free electrons and drives them
away from their normal positions in the metal lattice. The motion of free

oscillating electrons can be described by the equation of motion [40].

Me X tMyX = —qo. E ... ... ... ... (2 =5)
Where
me.: free electron mass.
X: the displacement of the electron.
qe: the charge of an electron.
E: is the external electric field.
Y: electronic damping factor.

The solution to equation (2-5) for a given amplitude (Xo) is the general solution
for the oscillating electric field E = E e ~™[41].

Xo = ——& €0 i .. (2-6)

T Mme(02+iny) °
(w): is the angular frequency.

The height of the polarization electron microscope is P = —NqX in the case of
(N) is the number of electrons and is given by:

Ng.2
pP=—-k
Me(w2+iwy)

e 2T
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The electrical displacement (D) depends on the dielectric function of the free
electron as follows:

D=€E+P . ..(2—8)

Equation (8) becomes:

D=e(1-—22)E o 279)

w2+iwy

Plasma frequency for free electrons [49].

2
w2 =2 . ...(2-10)

P em,
€ ., The dielectric permittivity of the free electron is

2
_ Wp

€ =

e 2-11)

w2+iwy

This equation describes the plasmonic behavior of a bulk metal using the Drude
model.

So that a very small spherical metal nanoparticles when compared to the

wavelength of the incident light, the polarizability of the nanoparticles (Pa)
IS
_ 3 €(w)—€gq _
P, = 4mR Cyrzeg (2-12)
where

(R): the radius of the nanoparticles.
€(w): the electrical permittivity of the metal.

€q. permittivity of the medium.

15



Chapter two Theoretical part

The optical cross-section of spherical nanoparticles enhances their strong
scattering and absorption properties under Plasmon conditions and is given by
[42].

Oacs = KIm [pa] ... ... ... ... (2—14)
(0scs)(04cs) - are the scattering and absorption cross sections.

(k): is the wave vector of the incident light [43].

2-3 EXxcitons.

Excitons are quasiparticles that are created when an electron and a hole
collide in a substance like an insulator or semiconductor. A hole is left behind in
the lower energy state when an electron is stimulated to a higher energy state by
taking in a photon. An exciton may then be created via the Coulomb interaction
between the electron and hole. Excitons are not genuine particles, yet they
behave like particles with their own energy and motion. Unlike individual
electrons and holes, they may travel through the material and interact with light
in numerous ways. Excitons are of special relevance in the creation of
optoelectronic devices, such as solar cells, light-emitting diodes, and
photodetectors, and have been widely investigated in the area of condensed
matter physics. Excitons in semiconductors may either be bound or unbound.
Unbound excitons may dissociate more readily and have a shorter lifespan than
bound excitons, which are more tightly bonded and have a longer lifetime.
Many variables, including the characteristics of the material, temperature, and
external electric or magnetic fields, may influence the behavior of excitons. In
general, the study of excitons is a significant area of physics research, having
potential applications in a variety of areas such as optoelectronics, photonics,

and energy conversion. For the creation of novel materials and systems that may
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Make use of exactions' distinct qualities, it is crucial to comprehend their

characteristics and behavior [44,45].

2-4 -Plasmon -Exciton Coupling

Exciton-plasmon coupling is a process that results in improved light-matter
interactions and unique optical characteristics when excitons and Plasmon
combine [46]. In a metal, Plasmon is a group of oscillating electrons that may
be energized by the incoming light. Strong interactions and novel optical
characteristics may result from the coupling of Plasmon and excitons in
semiconductors [47]. The electromagnetic field interacts with both kinds of
particles to cause the coupling of excitons and Plasmon [48]. Excitons and
plasmons are capable of exchanging energy, enhancing light absorption and
emission. Exciton-plasmon polaritons, which possess hybrid features shared by
excitons and plasmons, are only one example of the novel quasiparticles that
might result from this interaction [49]. In the realm of nanophotonics, where it
has the potential to be used in the creation of novel kinds of optoelectronic
devices, including photodetectors, solar cells, and light-emitting diodes,
exciton-plasmon coupling has been intensively explored. Controlling the
nanomaterials size, shape, and composition as well as adjusting the plasmon
resonance frequency may improve coupling. The exciton-plasmon coupling is a
fascinating area of physics study with potential applications in a variety of
areas, such as nanophotonics, energy conversion, and information technology. It
offers a new method for regulating and modifying light-matter interactions at
the nanoscale and has the potential to create new gadgets that perform better
and have more features [50]. Strong coupling may be achieved thanks to the
heightened electromagnetic fields of the excitons powerful oscillators. Since the
intrinsic properties of SPP and exciton modes are unaltered in the surface

plasmon-exciton weak coupling domain, the particle absorption or emission
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rates rise [51]. Nevertheless, the SPP and exciton modes are altered by the
production of new linked modes when the coupling is thought to be significant,
leading to an anti-crossing behavior in the scattering curve [52]. When the
surface plasmon and exciton modes resonate at the same frequency, anti-crossin
Is seen. As shown theoretically and empirically, two newly created energy states
are divided by an energy value known as the energy difference that possesses a
Rabi splitting energy in a strong plasmon-exciton coupling regime. Energy for
splitting the Rabi is provided by [53].

hp =14V —(Yp—Ye)? ....c.......(2-15)
where
(V) is the coupling coefficient
(Y,)(Ye) the linewidths (i.e., damping) of the Plasmon minimum , respectively.
The degree of this interaction effectively controls the optical characteristics of a
hybrid system like this one affecting the absorption and emission characteristics

of molecules positioned near to the plasmonic structures [54].
The Split can be set in two ways:

1- By altering a material, such as a component, excitonic characteristics (y. or
V)

2. By adjusting the plasmonic system properties (any change Y p )

In the strong coupling regime, surface plasmon damping has recently been used
to tune surface plasmon-exciton coupling and subsequently Rabi decoupling
energy [55]. Plasmon and exciton coupling are significant physics phenomena,
especially in the research of light-emitting polymers [56]. Plasmon coupling is
the connection between plasmons, which are the collective oscillations of
electrons in a metal, and excitons, which are the excited states of a molecule. In

the context of light-emitting polymers, this coupling increases the efficiency of
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energy transfer from plasmons to excitons , hence enhancing light emission
[57]. Contrarily, exciton coupling refers to the interaction between excitons in
nearby molecules. This may result in a phenomena known as exciton
delocalization, in which the excitons are dispersed across a greater region and
can interact with more plasmons as a result. This may also increase the
polymers light emission [58]. The coupling between plasmons and excitons is
very reliant on the materials physical structure, such as the size and form of the
metal nanoparticles and their distance from the polymer molecules. For the
development of effective light-emitting polymers and other optoelectronic

devices, it is vital to understand and regulate these interactions [59].

2-5 Linear Optical Properties

The optical characteristics of materials result from the interaction between the
kind and distribution of charges inside the material (electronic, molecular, or
ionic) and electromagnetic radiation [60]. When electromagnetic radiation falls
on a material and interacts with it, many processes occur as a portion of the
electromagnetic radiation is absorbed by the material, another portion is called
the transmitted ray because it passes through the material, and a final portion is
called the reflected part because it is reflected from the surface of the material
[61]. To obtain information about interference, the materials composition, and
the nature of its bonds, it is necessary to measure the, reflectivity absorption,
and transmittance of electromagnetic radiation incident on the material. For
instance, the ultraviolet spectrum identifies the energy packets and quality of
transitions inside a material, while the visible spectrum identifies the range of
practical applications in which the material is used [62].

2-5-1 Absorbance.

It is the process by which radiation transfers some or all of its energy to
the material through which it passes or the process of decreasing the intensity of

certain frequencies (certain wavelengths) of electromagnetic radiation. In the

19



Chapter two Theoretical part

case of Liquid materials: The probability of the solution absorbing incident
photons is directly proportional to the concentration of molecules absorbed into
the sample. The mathematical expression between the density of molecules
(concentration) in the sample and the thickness of the sample The incident ray
passes through it (optical path length) is the absorbance or optical density
[63,64].

A = Log (lo/1) (2.16)

where: lo: intensity of incident ray, I: intensity of the transmitted ray through the

sample.

The energy transfer from the incident electromagnetic wave to the material
passing through happens by the electric field of the incident photon interacts
with the momentum of the electric dipole of the material. This leads to the
electron a rise to a higher energy level, so decrease the incident intensity
[65,66].

I =1,e & (2.17)

When the incident energy sufficient to cause an electronic transition in the
matter, the absorbance increase with increases the concentration of the
molecules that absorb the electromagnetic wave According to Beer Lambert’s
law “For a given material, the sample path length and concentration of the
sample is directly proportional to the absorbance of the light.” The Beer lambert
law applied if the “light monochromatic” [67,68].

A= ecl (2.18)

where: € molar extinction coefficient (molar absorptivity) M* cm?, C molar

concentration of the absorber substance in (M), [ optical length.
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2-6 Optical constants

2-6-1 Absorption coefficient (a)

The absorption coefficient is an important optical factors, which represent
how far light penetrate before absorbed by the material. The Absorption
coefficient depends on the photon energy and properties of the material under
study. The absorption coefficient can be determined from the optical absorption

spectrum by the following equation [69].
Ao
a = 2303 = (2.19)

where, t is the sample thickness and A, is defined by log (I,/1,) where I, and I,

are the incident intensity and transmitted intensity beams, respectively.
2-6-2 Refractive Index and Extinction Coefficient

The Refractive Index (n) is the ratio between the velocity of light in
vacuum (c) to the velocity of the light in medium (v), n = ¢/v. The refractive
index of a specific material exhibits wavelength dependence for incident
electromagnetic waves. With certain materials, the refractive index not only
varies with wavelength but also changes based on the direction of the
electromagnetic waves within the material. Consequently, these materials can
alter the polarization direction of the waves. The complex refractive index is

mathematically represented by the following equation [70,71]:-
n=n+ix (2.20)

where, n: the real part (the usual) of complex refractive index, x: extinction
coefficient which is the imaginary part of the complex refractive index, both

depend on frequency (v).

K = ai/dn (2.21)
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When an electromagnetic wave at a certain frequency falls on a material it
works to change the position of the material charge from its original position
producing a dipole. So the electrical polarization of the molecule will oscillate
with the frequency of the electromagnetic wave, this will transfer part of the
energy of the incident wave to oscillating energy for the generated electric

dipole, this will reduce the amplitude of the incident wave [72].

There is a relation between the refractive index and the polarization caused by
the electromagnetic wave, when refractive index increase leads to decrease the
speed of the light inside matter, the delay effect increases. However, when the
value of the refractive index is equal to one that means there is no delay and

there is no polarization [73,74].

2-7 Fluorescence.

When a material absorbs electromagnetic radiation, it becomes excited and
gains energy as a result. This irritant may emit photons with various energy
until it achieves a steady state. In other words, when those particles return to
their initial level of energy (So), they will release photons with the same energy
and wavelength. In certain cases, a radiating system can absorb a significant
amount of energy, causing some electrons to be excited to energy levels beyond
the stability threshold of the molecule. Subsequently, the system may promptly
return to its initial state. to its stable state by producing photons with the same
energy as the absorbed photons. The absorbed electrons may also return to the
ground state by emitting photons with low energy, i.e., less energy and a longer
wavelength than the photons they have absorbed. The term for this phenomena
is fluorescence [75, 76]. Fluorescence is a spontaneous emission phenomenon.
It takes place between two levels with the same multiplicity [78]. During the
absorption process, the molecules spend a very brief amount of time ranging
from (10°-10°) seconds at the excited level, which is referred to as the lifetime

of the dye molecules. When particles return to the by producing photons,
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fluorescence may take place [79]. At room temperature, the molecules are in the
lowest vibrational level of the ground level. As a result, absorption occurs from
the zero vibrational level of the ground level to one of the levels of the excited ,
in which case fluorescence can occur as a result of the molecules undergoing

transitions.

Fluorescence photons are emitted by the electronic transitions depending on the
nature of the particles. It occurs in liquids and thick media and is known as
normal fluorescence [80]. The alteration in vibrational levels during the
transition from the excited state to the occurrence of normal fluorescence is
referred to as vibrational relaxation. This process occurs within a specific time
period, typically ranging from 10 to 10! seconds. Relaxation leads to
vibration increases the temperature of the sample and causes the emission
spectrum (fluorescence) to shift in length the long wavelength is called the
(Stoke’s shift) [81]. Stoke’s offset is the shift that indicates lower energy
between incident light and diffused or emitted light after interaction with the
sample. The wavelength of these lines is longer than the wavelength of the
excited radiation responsible for the absorption of the process [82]. The Stokes
offset can be defined as the difference in wavelength or frequency units in the
position of the spectra absorption and emission (fluorescence) for the same
electron transitions. Stokes displacement occurs due to relaxation vibratory at
agitated levels [83]. Figure (2-4) below shows the relationship between the

absorption spectrum and the emission spectrum.
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Fig (2-4): Stokes shift between the absorption spectrum and emission spectrum

(fluorescence) [84].

Figure (2-5) A Jablonski energy diagram is used to describe the most important
processes visual physical. Absorbed light excites particles of matter from their
lowest levels of the ground state (Sgo) to higher vibrational levels of state (Si,)
and thermal redistribution of the groups between the chains sublevels within a
very short period of time (10! sec) [88]. It uses a Jablonski energy diagram to
explain how organic molecules, called light-emitting polymers behave when

they are activated by an electric current or another kind of energy [89].

In the Jablonski energy diagram, energy levels are represented by horizontal
lines, with greater levels of energy situated above lesser ones. Typically, the
graphic depicts the ground state of the molecule or substance, as well as the
many excited states that may be reached as energy is absorbed. The excited
states may have a brief lifetime, reverting to the ground state by non-radiative

processes, or they may decay to lower energy levels by producing light [90].
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The Jablonski diagram for light-emitting polymers generally contains the lowest
excited singlet state (S;), which is responsible for light emission. This condition
may be achieved by absorbing energy from an external source, such as an
electric current. The excited state may return to the ground state by a variety of
mechanisms, including non-radiative relaxation and light emission. The energy
of the light released corresponds to the energy gap between the S; and ground
states [92]. The Jablonski energy diagram offers an overall framework for
understanding the behavior of light-emitting polymers and other light-emitting
materials. It aids in illuminating the complicated energy transitions that occur
during excitation and emission and may be used to enhance the performance of

these materials in a variety of applications [93].
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Fig (2-5): Jablonski Diagram [94].
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2-8 Nanoparticles.

The nanoparticles are the most basic type of structure. In theory, a
nanoparticle can be any group of atoms that are bound together and have a
structural radius of less than 100 nm. Nanoparticles are now employed in
numerous dosage forms because of their high solubility, small size, and
improved penetration [95]. They can be made from a variety of materials,
including metals, semiconductors, ceramics, polymers, and composites.
Nanoparticles can have a higher surface area-to-volume ratio, different optical,
electrical, magnetic, and chemical properties, and can exhibit unique behavior
due to their size, shape, and surface chemistry. Nanoparticles have many
potential applications in the different fields such as medicine, electronics,
energy, and materials science. They are being developed for use in drug
delivery systems, imaging agents, sensors, catalysts, and electronic devices,
among other things. However, their small size and unique properties can also
pose potential risks, such as toxicity and environmental impact, which must be
carefully studied and managed [96,97]. Nanoparticles have a greater
improvement in chemical and physical properties compared to bulk materials
due to their very large surface area to volume ratio. The properties of
nanoparticles (physical and chemical properties) depend on the structure,
physical stability, size, shape and distribution of nanoparticles, which are
examined using different microscopic techniques such as transmission electron

microscopy and scanning electron microscopy [98,99].

2-8-1 Silver Nanoparticles (AgNPs)

The Silver (Ag) nanostructures have gained significant interest in various fields
due to their unique properties, which are highly dependent on their composition,
size, and shape [100,101]. Controlling these properties allows for the
examination of electrical and optical properties and can be enhanced by

manipulating their shape. Ag has the highest thermal and electrical conductivity
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among metals and exceptional optical properties, making it a popular choice in
photography [102]. Nano silver offers stability at ambient conditions, a lower
cost compared to other noble metals like gold and platinum, a broad absorption
band in the visible electromagnetic spectrum, chemical stability, and nonlinear
optical behaviour. Surface Plasmon resonance, the collective oscillation of
conducting electrons when excited by light at specific wavelengths, enables
silver nanomaterials to interact powerfully with light. The maximal resonance
wavelength of silver nanomaterials can vary between 380 and 470) nm based on

their size and shape [103].

2-8-2 Gold Nanoparticles (AuNPs).

Gold nanoparticles are distinguished by their tiny size and composition, which
has led to intense physics research into their plasmonic properties. By enabling
free electrons to fluctuate in reaction to light, gold nanoparticles exhibit
localised surface plasmon resonance (LSPR), which improves interactions
between light and matter. They are excellent for a variety of applications in
nanophotonics, sensing, and catalysis due to their adaptable plasmonic
properties that can be changed by altering size, shape, and environment. Due to
their powerful light scattering properties, gold nanoparticles are helpful in
plasmonic metamaterials, bioimaging, and medicinal applications. They are a
vital research tool in fields including nanophotonics, materials science, and
biotechnology due to their distinctive plasmonic properties. Depending on size
and form, the maximum resonance wavelength of gold nanoparticles may range
between 500 and 600) nm [104,105].

2-9 Light Emitting Polymers

A Light Emitting Polymers (LEPS) are a category of organic polymers that
emit light when subjected to an electrical current or other types of energy. They
consist of conjugated organic molecules or polymers with delocalized electrons
capable of absorbing and emitting light [106]. Because to the fact that LEPs
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have the potential to be used in a variety of applications such as lighting,
displays, and sensors, they have drawn considerable interest in physics and
materials science. LEPS' versatility which enables easy shaping and integration
into a range of devices, is one of its main advantages. They are appealing for
large-scale applications since they are inexpensive and lightweight [107]. The
absorption spectrum and emission spectra of light-emitting polymers (LEPS) are
essential features that explain these materials' capacity to absorb and emit light
[108].

The absorption spectrum of a Medium denotes the spectrum of light
wavelengths that may be absorbed by the material. As light is absorbed by a
conjugated polymer, the electrons are driven to higher energy levels, producing
excitons that produce light. [109,110].

The emission spectrum of a substance defines the range of light wavelengths
that the material emits. As decay light-based energy is released. The emitted
light's energy is proportional to the energy bandgap of the LEP and the energy
levels of the excited states participating in the decay process. Spectroscopy
methods such as photoluminescence spectroscopy are commonly used to

measure the emission spectrum [111,112].

The energy difference between the highest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital (LUMO) determines the
wavelength of the emitted light and is connected to the absorption and emission
spectra of LEPs. By manipulating the energy levels and molecular structure of
LEPs, it is possible to generate a broad spectrum of hues from blue to red by
adjusting the absorption and emission spectra [113,114].

Knowing the absorption and emission spectra of LEPs is crucial for the design
and optimization of devices that utilize these materials, such as organic light-
emitting diodes (OLEDSs) and displays. By manipulating the spectral properties
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of LEPs, it is feasible to build high-quality, energy-efficient light sources that
are suitable for a number of applications and a light-emitting polymer
[115,116].

2-10 Laser Induced Fluorescence (LIF) .

Laser-Induced Fluorescence (LIF) involves a two-step process: absorption of a
laser photon and subsequent emission of a fluorescence photon from an excited
state. The laser wavelength (ALaser) mMust align with the permitted energy
transition of a LIF-active molecule. Only a fraction of these excited molecules
fluoresce, emitting fluorescence light at a red-shifted wavelength (buie)[117].
Post relaxation to the ground state, molecules may produce fluorescence quanta
with longer wavelengths and exhibit a characteristic average period spent in the
excited state, known as the fluorescence lifetime. High-quality optical filters or
spectrographs enhance separation between laser and fluorescence wavelengths,
optimizing detection sensitivity. Employing lasers with femto-, pico-, Nano-, or
microsecond durations allows the determination of the fluorescence lifespan of

a sample. [118].

In cases of "prohibited" electronic transitions, excited-state durations of
microseconds or milliseconds are seen. Such extended luminescence durations
are particularly valuable for bioanalytical applications. The primary focus of
fluorescence spectroscopy is on electronic and vibrational states. Typically, the
species (molecule of the material) being investigated has a ground electronic
state (a state with low energy) of interest and an excited electronic state with a
greater energy. There are several vibrational states inside each of these electrical
states. In fluorescence, the species is initially stimulated by absorbing a photon
from its ground electronic level to one of the several vibrational states in its

excited electronic level [119].
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The excited molecule loses vibrational energy via collisions with other
molecules until it reaches the lowest vibrational state of the excited electronic
level [152]. The molecule then rapidly returns to one of the numerous
vibrational levels of the ground electronic state, producing a photon in the
process (in the range of 10 s). Since molecules in the ground state may fall to
any of multiple vibrational states, the photons released will have varying energy

and consequently frequencies [120].

Laser Induced Fluorescence may alternatively be classified as continuous wave
or time-resolved LIF. Continuous wave (CW) LIF employs a continuous laser
for excitation when just spectral data is needed. A pulsed laser is used to excite
the sample in time-resolved LIF, and the sample's emission (either a single
wavelength or the whole spectrum) is monitored as a function of time. This
gives important time-resolved data, such as the lifetimes of chemical

intermediates and their accompanying time-gated spectrum development [121].
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Fig (2-6): Optical devices used in LIF Technology [122].
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2-11 Fluorescence Lifetime.

A molecule changes to one of its vibrational levels in the excited electronic
state (Sn) when it takes in light from an outside source. The molecule loses part

of its vibrational energy and relaxes to a lower vibrational level within the
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excited electronic state (S;) when it collides with nearby molecules in a dense
medium (Condensed Phase) [123].

The time taken for the radiative transition from the lowest vibrational level of
the excited electronic state (S;) to one of the vibrational levels in the ground
state (Sp), with the system returning to its initial state after this time period, is
referred to as the radiative lifetime (tem). It is defined as the reciprocal of the

radiative transition probability (Key) in units(sec?) [124].

TFI\/I =—----.--.....(2_22)

(Krm): represents the potential for radioactive transmission.

Due to the presence of non-radiative processes that compete with the radiative
transition probability (Kgv), fewer molecules will be able to fluoresce. As a
result, the total transition probability (Kg) will represent the sum of probabilities

for both radiative and non-radiative transitions [125,126].

B 1 1
Kew + > Ky Kg

e (2-23)

TF

(> Kg) is the sum of the non-radiative time rate constants of the lowest
vibrational energy level of the excited electronic state (S;). On the other hand,
the fluorescence lifetime (t¢) is the actual time it takes for fluorescence to occur
and is equal to the inverse of the sum of the rate constants of all non-radiative
and radiative processes that cause energy losses from the (S,) state [127,128].

T = 1 e (2—29)

KFM + I‘<IC + I‘<ISC
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The fluorescence lifetime (t¢) can serve as the principal lifetime of the excited
state. There exists a relationship that links the intensity of fluorescence with the
fluorescence lifetime (t¢). This relationship governs how fluorescence intensity

Is influenced by the duration of fluorescence emission [129].
I =l,exp(—t/ze)iiiinn, (2—-25)

In fluorescence, the intensity (1) represents the fluorescence intensity at a given
time (t), while (10) represents the highest fluorescence intensity observed, and
(t) is the time immediately after excitation ceases. Furthermore, the fluorescence
lifetime (F) can be determined from a standard compound with a known

fluorescence lifetime value [130].

The (®r -Quantum Yield) represents the quantum yield of fluorescence, which
Is the ratio between the probability of radiative transition (Kgw) and the total
energy loss processes of the excited state under specific temperature and
environmental conditions [132]. This value is a physical constant specific to
each type of excited molecule, or it is the ratio of the total emitted energy to the
absorbed energy [131,132].

_ Kewm _ Kem
Kem + ch + KISC Kem +Z Kd

/2

where
(> Ky) represents the total number of non-radiative processes constants.

(Kic) represents the internal transformation rate constant.
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( Kisc) is the intersystem crossing constant.

In the complete absence of a quenching agent or chemical reactions, the

quantitative product of fluorescence (®g) is equal to

Tem

It is also possible to calculate the quantitative product of fluorescence (®g) by
finding the ratio between the area of the fluorescence spectrum and the area of

the absorption spectrum using the equation (2-28) (2-29) [133].

B jF(v')d v

Tp = e (2 = 29)

apyer

Trouerr: REPresents the chronological lifetime of the standard compound, which is
the light-emitting polymer.

apuer: 1t 1S the area under the fluorescence curve of the light-emitting polymer.

a: It represents the area under the curve for the compound required in this
research.

It has been observed that the quantum vyield of fluorescence for several
compounds depends on the excitation wavelength used [134] as well as on the
temperature. The quantum vyield of fluorescence increases when non-radiative
processes decrease and when the temperature decreases, indicating an inverse
relationship between them [135]. The values of fluorescence quantum vyield
range from 1.0 to 0.1, resulting in much shorter fluorescence lifetime (Tem)

values due to competing non-radiative processes. Please note that F refers to the

33



Chapter two Theoretical part

fluorescence lifetime, which is influenced by the competing non-radiative

processes affecting the fluorescence [136].

The fluorescence efficiency and lifetime in light-emitting polymers, such as
MEH-PPV and PFO, are influenced by their structural and electronic properties.
Polymers with well-defined and rigid conjugated structures tend to exhibit
higher fluorescence efficiency [137]. The fluorescence lifetime, which refers to
the average time a fluorophore remains in an excited state before returning to its
ground state, is associated with slower non-radiative decay processes in light-
emitting polymers [138]. Factors like molecular structure, polymer chain
packing, and interactions with the surrounding environment can influence the
fluorescence properties of MEH-PPV and PFO [139]. By optimizing these
factors, researchers can enhance the fluorescence efficiency and lifetime of
these light-emitting polymers for various applications, such as organic light-

emitting diodes (OLEDs) and optoelectronic devices [140].
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Chapter Three Experimental Part

3.1 Introduction

This chapter includes a step description of the preparation the samples of
the light-emitting polymers (MEH-PPV, PFO) and the materials used. It also
explains the experimental set-up that is required for laser ablation in liquid. In
addition, the techniques used for the characterization of the samples, such as the
UV- Vis technique, the fluorescence technique, the FR-SEM, and the LIF

technique are presented.
3.2 Materials used in this work

The materials used in this work were purchased from Sigma-Aldrich

Company.
3.2.1 The MEH-PPV Polymer

The MEH-PPV is one of the light-emitting polymers, it soluble in organic
solvents such as toluene or chlorobenzene, it is considered insoluble in water.
The MEH-PPV is powder Orange-Red color. It is one of a PPV derivative that
is particularly favorable for electronic devices fabrication because of its
asymmetric side chains. The MEH-PPV is possibly one of the most and studied
polymer semiconductors, recognizing its many applications, the most important
of which is polymer light-emitting diodes (PLED) and perovskite solar cells.
Some of the physical and chemical properties of the MEH-PPV are listed in the
Table (3-1), the chemical structure is shown in the Fig (3-1).
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Table (3-1) the physical and chemical properties of the MEH-PPV [141]

Full name Poly[2-methoxy-5-(2 -ethylhexyloxy)-1,4-
phenylene vinylene]
CAS number 138184-36-8
Chemical formula (C18H2502)n
Solvent Toluene or chlorobenzene
Melting point 300°C
Appearance Red fibers/powder
Color Orange-Red
0

—0

Fig (3-1) the chemical structure of the MEH-PPV [142]
3.2.2 The PFO Polymer

The Polydioctylfluorene (PFO) is one of the light-emitting polymers, it
sometimes referred to as poly (9,9-di-n-octylfluorenyl-2,7-diyl), It is an organic
compound, a polymer of 9,9-dioctylfluorene, with formula (Ci3sHs(C8H17)2) n.
The PFO is powder yellow color, it is soluble in organic solvents such as

toluene and chloroform, it is an electroluminescent conductive polymer that
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characteristically emits blue light, and it has been studied as a possible material
for light - emitting diodes.

The PFO is a kind of conjugated polymer, these polymers are distinguished by
single and double bonds that alternate, allowing charge to travel throughout the
polymer chain. As a result, optoelectronic applications like organic light-

emitting diodes (OLEDs) or solar cells might benefit greatly from them [143].

Some of physical and chemical properties of the PFO are listed in the Table (3-
2), the chemical structure in the Fig (3-2).

Table (3-2) the physical and chemical properties of the PFO [14].

Full name (9,9-di-n-octylfluorenyl-2,7-diyl)
CAS number 123864-00-6
Chemical formula (C13Hes(CsH17)2)n
Solvent toluene , chloroform
Melting point 60-70 “C
Appearance Powder
Color Yellow
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Fig (3-2) the chemical structure of the PFO[145].
3.2.3 The Toluene

Toluene is a substituted aromatic hydrocarbon, it is a colorless, water-
insoluble liquid with the odor associated with paint thinners extremely
flammable liquid with a pungent, benzene-like odor. It is a mono-substituted
benzene derivative, It is belongs to the aromatic hydrocarbon category,
consisting of a methyl group (CH3) attached to a phenyl group. The toluene is a
common organic solvent that is sometimes referred to as methylbenzene or
phenylmethane. The toluene is predominantly used as an industrial feedstock
and a solvent in some types of paint thinner, permanent markers, contact cement

and certain types of glue [146].

In our research, the toluene is used as a solvent for the light-emitting polymers
such as the MEH-PPV and the PFO. Some of physical and chemical properties
of the toluene are listed in the Table (3-3), the chemical structure is presented in
the Fig (3-3).
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Table (3-3) the physical and chemical properties of the toluene [147].

Full name Methylbenzene
CAS number 725245
Chemical formula C7HsCHj3
Freezing point -95°C
Refractive index 1.496
Molecular weight 92.14 gm/mol
Dielectric constant 2.38
Density 0.886 gm/cm3

Toluene C.H,

CH

3

Fig (3-3) the chemical structure of the toluene [148].
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3.3: Experimental Part

The experimental work comprises three parts. The first part involves dissolving
light-emitting polymers in a solvent at different concentrations. In the second
part, the pulsed laser ablation technique is employed to generate Au and Ag in
liquid. These metal nanoparticles will subsequently be combined with the light-

emitting polymers to investigate the properties of the mixture.

The third part encompasses the utilization of characterization techniques to
analyze the samples. The diagram below, Fig (3-4), illustrates the procedural

map of the experimental phase in this study.

Pulsed laser ablation
LEPs

(250, 500, 750 pulse)

PFO MEH-PPV
Nano-Particles

AuNPs, AgNPs Dissolve with Dissolve with
g 20 ml Toluene 20 ml Toluene
FE-SEM Mix Nano Dilute with concentration Dilute with concentration
with polymers (5%104, 3 x104, 1 10-%) (5x107, 3x10°, 1 104)
Test
Test
LIF for 500 Fluorescenc UV-Vis
pulses
LIF for higher Fluorescenc UV-Vis
concentration

Fig (3-4) the Scheme of the experimental work and the tests those are necessary to

describe this work.
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3.3.1 Fabrication Technique of Samples: Laser Ablation in
Liquids

The experiments were conducted by using the 1064 nm Nd:YAG laser,
have 5 ns pulse width, and 6 Hz repetition rate. Energy per pulse was 100 mJ
focused directly on the sample placed in a liquid medium. The Fig (3-5) shows
the schematic diagram of the experimental setup of laser ablation in liquid

media

e i e )

Fig (3-5) shows a scheme of the experimental setup used in NPs preparation

by laser ablation confined in a liquid medium.

The laser pulses were directed at the pure (99.9%) (Au and Ag) (Sigma Aldrich,
Germany) metal targets with a thickness of 2 mm, immersed in toluene inside a
glass container with a high reflectivity mirror and a lens with focal length
150mm. The height of the toluene over the target was maintained at 10mm. In
the meantime, the entire system slowly rotated about its vertical axis during the
ablation process to prevent developing of deep holes in the target, and therefore
keep the same surface conditions for each laser pulse. Subsequently, the
distance between the target and the lens has been set to get the focus point on

the target.
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3.4 Samples Preparation

Three different concentrations were prepared after dissolving each of the
light-emitting polymers (MEH-PPV and PFO) in toluene.

3.4.1 Preparation of the MEH-PPV Samples

1 mg of MEH-PPV polymer is dissolved in 20 ml of the toluene. After that,
it is diluted using the weight (3-1) and dilution (3-2) equations to obtain the
concentrations (1*10*M, 3*10“*M, and 5*10* M), as in the Fig (3-6). After
preparing the polymer concentrations, they are kept in in a dark place to avoid

the optical decay.

~ CxVxMw

Wn
1000 (3-1)

C1V1:C2 V2 (3-2)

Where:

Wm: the weight of the polymer required to obtain the required concentration in

gm.

C: Concentration to be prepared in M; (Ci: high concentration), (C,: Low

concentration).
V: volume of solvent in cm?® added to the substance.

Mw: molecular weight of the polymer used in gm/mol.
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-*1 -*10-4 -510

i
:

:
- —
\- —q
. -

Fig (3-6) the different concentrations of the MEH-PPV polymer.
3.4.2 Samples Preparation of the PFO

The PFO polymer with weight 1 mg is dissolved in 20 ml of the toluene.
After that, it is diluted using the weight (3-1) and dilution (3-2) equations to
obtain the concentrations (1*10°M, 3*10°M, and 5*10° M), as in the Fig (3-7).
After preparing the polymer concentrations, they are kept in a dark place to
avoid the optical decay.

f

Fig (3-7) the different concentrations of the PFO polymer.
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3.4.3 Metallic Nanoparticles Preparation

Two groups of metallic nanoparticles were generated, the first group is
the generation of gold nanoparticles (Au NPs) using the pulsed laser ablation
technique at three different concentrations, this is done by changing the number

of laser pulses (250, 500, and 750 pulse) focused on the gold target.

Likewise, the second group is to generate silver nanoparticles (Ag NPs) at the

same three concentrations.
3.4.4 Mixing of metallic nanoparticles with the LEPs

The metallic nanoparticles were mixed with light-emitting polymers in a
matrix in a ratio of (1:1), so the highest concentration (750 pulse) of the
metallic nanoparticles was chosen to ensure better results. Thus it has three
samples of the Au NPs mixed with three concentrations of the MEH-PPV, as in
the Fig (3-8a). Similarly, we have three samples of the Ag NPs mixed with
three concentrations of the PFO, as in the Fig (3-8b).

| AuNPs+ AuNPs + AuNPs +
1*10+ 3*10+ 5*10+
MEH-PPV MEH-PPV |
3 3 i

T |

Fig (3-8) the different concentrations of the matrix; a) the Au NPs with the MEH-
PPV, and b) the Ag NPs with the PFO.
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3.5 Characterization Techniques of Samples:

3.5.1 The Measurement of Absorption Spectra

The linear optical properties of samples have been dedicated by optically
transmission and absorption spectra from deep UV to visible region (the
wavelength range 190 — 900 nm). The absorption spectra were measured at
room temperature using (CE 7400- UV/VIS) double beam spectrophotometer
supplied by Aquarius (South Korea) as in Fig (3-9).

Fig (3-9) the UV-Visible Spectrophotometer.

3.5.2 Field Emission Scanning Electron Microscopy (FE-SEM)

In order to investigate the samples NPs shape, size and the thickness,
Field Emission Scanning Electron Microscopy was used (FE-SEM) (ZIGMA,
JSM-7610F, Carl Zeiss, Germany) image operating at an accelerating voltage of
10 kV. As shown in Fig (3-10). While the average size of the samples NPs was

calculated from FE-SEM images by using Image J software.
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Fig (3-10) Image of the FE-SEM device.
3.5.3 The Measurement of Fluorescence Spectra

The Fluorescence spectrum of the samples were measured by a
fluorescence spectrophotometer (model Scinco, FS-2), as presented in Fig (3-
11). The Fluorescence spectrometer is comprises of a 150-watt xenon arc lamp
with a scan rate of 200, 400, and 600 nm/min. It has emission rate and
excitation spectra of 200-700 nm. Also it has a photomultiplier tube (PMT)
detector with exceptional sensitivity.

Fig (3-11) Fluorescence Spectrophotometer.
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3.5.4 The Measurement of Laser-Induced Fluorescence Spectra

The Laser-Induced Fluorescence Spectra were obtained by exciting
fluorescent molecules through the application of the Laser-Induced
Fluorescence (LIF) technique. This involved utilizing a continuous-wave laser
source with a wavelength of 405 nm. It operates with a power of 30 mill watts.
For comparison, there is a continuous-wave laser with a wavelength of 532 nm
and a power of 30 mill watts. The LIF is provides more accurate measurement
of the plasmon-exciton coupling process than a normal fluorescence
spectrometer, which uses a regular lamp, because the sample is irritated with a
specific wavelength and the laser irradiance is higher than the regular lamp.
The LIF setup contains a laser source, an aperture to regulate the diameter of the
laser beam, and an optical lens with a focal length of 10 cm, which is used to

focus light on the fiber. The setup is shown in Fig (3-12).

The methodology for laser-induced fluorescence involves placing the specimen
on a level surface. Subsequently, light is directed onto the specimen. Following
this, a specialized detector captures the fluorescence light, and a computer

program is employed to analyze the obtained results.

Sample

Nd:YAG Laser

Lens - Spectromete

-}

Computer
Optical Fiber

Fig (3-12) the LIF spectroscopy technique.

47






Chapter four Results and Discussion

4.1. Introduction

This chapter includes the results of the experimental measurements of the
two kinds of the light-emitting polymers; the MEH-PPV and PFO dissolved in

toluene and the discussion of the results.
4.2. Eexperimental Results

4.2.1. Results of FE-SEM Images

The morphology, size, and shape of the samples were determined by using
the FE-SEM images. The Image J software was employed to determine the
average sizes of both the Au NPs and the Ag NPs. The average size of the Au
NPs and the Ag NPs are ranging from 18 to 35 NPs, The results of the sample

morphology exhibit a distinct spherical shapes, as shown in the Fig (4-1).

D3 = 3323 7M

SEM MAG: 200 kx Dot InBoam 111

WO: 5.65 men Bi: 7.00 200 nm

111 MIRAY TESCAN

200 nm

|

|

|

{

|

|

"_' 1
5]
i

|

|

|

|

[

i

|

Fig (4-1) the FE-SEM image of; a) the Au NPs, and b) the Ag NPs in the

toluene solution.
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4.2.2 Results of the optical spectra of the pure MEH-PPV
polymer and the pure PFO polymer

The results of the optical spectra measurements of the pure LEPs (MEH-PPV
and PFO) dissolved in toluene are shown in the Fig (4-2).

From the results of the absorption spectra of the MEH-PPV polymer we
noted the absorption spectra increase when the polymer concentration in toluene

increasing, the behavior is depicted in the Fig (4-2a).

Similarly, the absorption spectra of the PFO polymer increases with
increasing concentration of the PFO polymer in toluene, as shown in the Fig (4-
2b). This is consistent with the Beer-Lambert law, which states that the
absorption of a solution is directly proportional to its concentration (assuming

the light path length remains constant).

In addition, there is a slight change in the wavelength of absorption peaks
with the difference concentration, this the small change in may be due to
concentration-dependent phenomena, such as the aggregation of polymer
chains, also it can slightly alter the energy levels in the system, and thus affect

the light absorption properties.
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Fig (4-2) the Absorption spectra of a) the pure MEH_PPV in different

concentrations, and b) the pure PFO in different concentrations.
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4.2.3 Results of the optical spectra of the Au NPs and the Ag NPs
The absorbance of the Au NPs and the Ag NPs generated by the PLAL

method increases with increasing number of the laser pulses focused on target
(250, 500, and 750 pulses) , as shown in Figure (4-3a) for Au NPs and Figure
(4-3b) for Ag NPs. There is a small redshift in Amax of both Au NPs and Ag
NPs, as shown in Table (4-1). This could be due to the change in the size of the

nanoparticle.
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Fig (4-3) the absorption spectra of; a) the Au NPs in different laser pulses,
and b) the Ag NPs in different laser pulses.

The results showed that the intensity of absorption increases with increase of
concentration of the Au NPs, the behavior is similar for the Ag NPs. This
behavior corresponds to a fact that a larger concentration of nanoparticles in the
sample leads to providing more sites for photon interactions, thus improving the

sample's absorption of light.

Table (4.1) the wavelength shift with changing number of laser pulses.

The number of laser pulses | Amax (nm) | AL (nm)
250 pulse - Au NPs 548 122
500 pulse - Au NPs 550 119
750 pulse - Au NPs 553 118
250 pulse - Ag NPs 411 165
500 pulse - Ag NPs 417 183
750 pulse - Ag NPs 419 204

4.2.4. Results of the optical spectroscopy of the matrixes (the Au
NPs and the Ag NPs with LEPS)

The absorption spectra of the LEP polymers matrix containing metallic

nanoparticles are depicted in Figure (4-4).

It can be clearly observed that the intensity of the absorption spectrum of the
LEPs are improved, when Au NPs and Ag NPs are added. The highest
concentration (750 pulses) of the metallic nanoparticles is selected in order to
ensure the size of the generated nanoparticles corresponds to the SPR

phenomenon.
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Fig (4-4) the absorption spectrum of; a) the different concentrations of the
MEH_PPV with the Au NPs, and b) the different concentrations of the PFO with
the Ag NPs.

Notably, the improvement in the optical absorption spectra is due to the addition
of the absorbance of the Au NPs and the Ag NPs to the absorption of the

polymers.

4.2.5 Results of the fluorescence spectra of the matrix MEH-PPV
with Au NPs

The results of the fluorescence spectra of the matrix MEH-PPV with Au
NPs are shown in Fig (4-5). The black line displayed on the graph delineates the
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baseline fluorescence spectrum of the pure MEH-PPV polymer. The
fluorescence spectra exhibit notable changes upon the addition of Gold
Nanoparticles (Au NPs) with different concentrations. The impact of
introducing Au NPs on enhancing the fluorescence spectra of the MEH-PPV
polymer is evident. This improvement becoming more pronounced as the
concentration of Au NPs increases. However, at higher concentrations of Au
NPs, specifically for 750 pulses, a slight decline in the fluorescence spectrum is
observed. This decline is attributed to the phenomenon of quenching, resulting
in the suppression of spectra across all concentrations of the polymer employed

in the study.

The augmentation of fluorescence implies a synergistic interaction between the
metallic nanoparticles and the polymer, possibly facilitated through mechanisms

such as surface enhancement effects or energy transfer processes [149].
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Fig (4-5) the fluorescence spectra of the MHE-PPV polymer with the Au NPs
at different concentrations; a) 1*10“ M, b) 3*10“ M, and c) 5*10* M.
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4.2.6 Results of the fluorescence spectra of the matrix PFO with
the Ag NPs

The results of the fluorescence spectra of the PFO with Ag NPs are shown in
the Fig (4-6). The behavior is as expected, adding the Ag NPs to the PFO
polymer matrix leads to an increase in the intensity of fluorescence. This
Improvement increases when the concentration of the Ag NPs increases
However, for the samples prepared with 750 pulses the fluorescence slightly
decreases. This reduction could be due to the phenomenon of quenching. The
guenching, in this context, refers to the process by which higher concentrations
of nanoparticles can lead to a reduced emission of light, essentially ‘quenching'
the fluorescence. This could be due to mechanisms such as non-radiative energy

transfers or the reabsorption of emitted light by excessive nanoparticles.

In light of these observations, we can conclude that the optimal emission
spectrum for the PFO polymer, in terms of maximum fluorescence intensity, is
achieved with a nanoparticle concentration of 500 P. This provides a key
understanding for tailoring the properties of the PFO polymer with nanoparticle
additives for various applications, including optoelectronics and sensing

devices.
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Fig (4-6) the fluorescence spectra of the PFO polymer with the Ag NPs at
different concentrations; a) 1*10° M, b) 3*10° M, and c) 5*10° M.
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The fluorescence spectra indicate two emission peaks from the pure polymer,
likely due to distinct electronic transitions within the polymer molecules [149].
The first peak is thought to represent the initial emission of the polymer, while
the second peak could be associated with additional excited states or
interactions within the material. When the Ag NPs are introduced into the
polymer, an increase in intensity is observed for the two peaks in the
fluorescence spectrum. This improvement in the fluorescence can be attributed
to the well-known phenomenon of the fluorescence intensification by the
metallic nanoparticles, which is typically associated with the plasmon - exciton

coupling.

4.2.7 Results of the laser-induced fluorescence of the matrix
MEH-PPV with the Au NPs

The results of the LIF spectra of the pure MEH-PPV polymer and the
MEH-PPV polymer with Au NPs is shown in the Fig (4-7). The samples were
excited at a wavelength of 405 nm to get these spectra, they are also compared

to wavelength 532 nm to demonstrate the effect of wavelength on the results.

Based on the results, adding the Au NPs led to a clear improvement in the LIF
spectrum under the 405 nm laser illumination, as shown in Fig (4-7a). This
behavior may be explained by the fact that the Au NPs function as localized
surface plasmon resonators. With the help of plasmon - exciton coupling, they
may improve the polymer's emission characteristics. The observed peaks in the
LIF spectra may be attributed to energy transfer mechanisms that are induced by
the interaction between the MEH-PPV polymer and the Au NPs [149]. The
coupling between plasmon-exciton promotes more effective energy transfer
mechanisms, as a consequence improves the LIF emission properties. The LIF
emissions of the MEH-PPV polymer at wavelength 532 nm shown in the Fig (4-

7b). It can be clearly observed that the improvement occurring in the LIF
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spectra under the influence of the green wavelength is better compared to the
blue wavelength, due to the SPR phenomenon of the Au NPs that directly

corresponds to the green wavelength.
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Fig (4-7) the LIF spectra of the pure MEH-PPV polymer compared to the
doped MEH-PPV polymer, of the wavelength-excited; a) 405 nm, and b) 532

nm.

Thus, when the polymer is excited at a wavelength of 532 nm, it absorbs more
energy due to the presence of the Au NPs. This amplified absorption and more

efficient energy transfer led to an increased intensity of the emitted light,
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accounting for the observed increase in Iluminescence intensity. This
enhancement contributes could have significant implications for industries
reliant on luminescence, including the manufacturing of the Light-Emitting

Diodes (LEDs), the development of sensors, and bio-imaging.

4.2.8 Results of the laser-induced fluorescence of the matrix PFO
with the Ag NPs

The results of the effect of adding the Ag NPs to the PFO polymer on
the LIF spectra are shown in Fig (4-8). The noticeable improvement in the LIF
spectra intensity as well as the redshift in wavelength that the Ag NPs cause to
the matrix compared to the pure polymer under the influence of the 405 nm
wavelength are shown in Fig (4.8). It is actually caused by the interaction

between the plasmon and the exciton.

The presence of the Ag NPs can lead to enhance light emission, which indicates
more efficient energy transfer between the excitons in the PFO polymer and the
plasmons in the Ag NPs. The Ag NPs interact with excitons in the polymer,
resulting in intense photoemission, the specific size, shape, and distribution of
the Ag NPs within the polymer matrix can influence the strength of this
coupling, which in turn affects the fluorescence properties of the PFO polymer.
Attributed to changes in the local electromagnetic field caused by plasmonic
coupling. These changes may lead to altered exciton energy levels or modified
radioactive decay pathways within the polymer, leading to the observed spectral
shift. It can be clearly seen that the fluorescence spectra contain two peaks,
likely due to distinct electronic transitions within the polymer molecules. The
first peak is thought to represent the initial emission of the polymer, while the
second peak could be associated with additional excited states or interactions
within the material. When the Ag NPs are introduced into the PFO polymer, an

Increase in intensity is observed for both peaks in the fluorescence spectrum for
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all concentrations compared to the pure polymer. This improvement in
fluorescence can be attributed to the well-known phenomenon of fluorescence
intensification by metallic nanoparticles, which is typically associated with the
SPR.

Overall, the results indicate that the incorporation of the Ag NPs into the PFO
can enhance the fluorescence intensity and broaden the emission bandwidth,
demonstrating the potential of the plasmon-exciton coupling as a means to
improve the optical properties of the light-emitting polymers. Further
investigations and optimizations of the silver nanoparticle concentration, size,
and morphology can be explored to achieve more significant improvements in

the fluorescence properties of the polymer.
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Fig (4-8) the LIF spectra of the pure PFO polymer compared to the doped
PFO polymer of the wavelength405 nm.
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4.2.9 Results of the Quantum Efficiency of the LEP MEH-PPV

Through the results of the fluorescence spectra, it was possible to calculate
the relative quantum efficiency of the fluorescence (Qf). After calculating the
area under the curve for the absorption and fluorescence curves, the results were
as shown in Table (4.1), for the MEH-PPV polymer at different concentrations
after adding Au NPs. The improvement is calculated relative to the fluorescence

qguantum yield of the pure.

Table (4-2) the improvement in the quantum efficiency of the MEH-PPV after

adding nanoparticles the Au NPs at all concentrations.

Concentrations (M)

The improvement in

the quantum efficiency

1*10* 31%
3*10* 33%
5*10 35%

Similarly, the results of the quantum efficiency of fluorescence of the PFO at

different concentrations, after adding Ag NPs, it displayed in it is Table (4-2).

Table (4-3) The improvement in the quantum efficiency of the PFO after adding

nanoparticles the Ag NPs at all concentrations.

Concentrations (M)

The improvement in the

quantum efficiency

1*10°®

20%

3*10°

28%
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5*10° 31%

Is clearly observed from the Table (4-2) and the Table (4-3) that the LEP
polymers concentration has a direct effect on the quantum efficiency of
fluorescence results. Indeed, the metal nanoparticles have a positive effect on
the quantum efficiency properties, this effect increases with increasing
concentration. The metal nanoparticles play an additional absorption sources

based on the SPR phenomenon.

In addition to, the plasmon-exciton coupling between the Au NPs and the MEH-
PPV, and between the Ag NPs and the PFO leads to an improvement in the
overall optical properties of the LEPs. These improvements include increase in

the quantum efficiency for both LEP polymers for all concentrations.
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Chapter five Conclusion & Future Works

5-1: Conclusion

From this study, we can conclude the following: -

1- Our results show significant adjustability of absorption intensity by using
nanoparticles. This may be useful in the design of optical absorption
devices.

2- The Light-emitting polymers mixed with nanoparticles lead to increase
fluorescence intensity and slightly change the width of the emission
spectrum.

3- The LIF spectra reveal a synergistic effect between plasmon excitation
and the photopolymer, leading to enhanced light emission efficiency.

4- Accordingly, the results show the possibility of using the LEPs enhanced
in many applications, especially in the development of optical devices

and detectors.
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5-2: Future Works.

1-Enhancing the optical and electrical properties of a light-emitting polymers

by doping with semiconductor nanomaterials.

2-Studying hybrid structures of a light-emitting polymers and improving their

optical and electrical properties.

3-Improving the nonlinear optical properties of a light-emitting polymers used

as optical detectors.

4-Using multilayer films of a light-emitting polymers to develop the optical

devices.

5-Using of light-emitting polymers doped with plasmonic nanostructures as

active media in solid-state lasers.
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