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Abstrakt

Tato prace pfindsi studium netrivialnich vztahti mezi tlouStkou polymernich
filmi a jejich elektrickymi a optoelektrickymi vlastnostmi. Tyto vztahy byly
studovany na polymeru poly(9,9-dioctyfluorene-altbenzothiadiazole), F8BT, kde
bylo jasn¢ prokazano, ze tloustkovy parametr vyrazné ovliviiuje usporadanost
tenkého filmu a tim 1 vysledné chovani polymeru.

Dalsi vysledky, ziskané béhem studia chovani nanokompozitnich tenkych
vrstev, jasné prokazaly, Ze pfidani nevodivych nanocastic do polymerni matrice
poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylenu] (MEH-PPV)
zpusobilo rozuspotadani polymernich fetézctl a s tim spojené efekty, jako je vznik
novych elektronovych stavii v zakdzaném péasmu, pokles mobility naboje
a zkraceni diftizni délky excitonu. Tyto zmény pak ovlivnily maximalni svitivosti
a celkovou proudovou UCinnost pfipravenych diod, v nichz byl tento
nanokompozit pouzit. Na druhou stranu ptidavek nanocéstic vedl k prodlouzeni
operacni zivotnosti diod.

Abstract

This research demonstrated that the optoelectronic characteristics and
structural (dis)order in thin conductive polymer films have a non-trivial thickness
dependency, studied for poly(9,9-dioctylfluorene-alt-benzothiadiazole), F8BT
thin films.

Furthermore, new results obtained during the investigation of the behaviour of
nanocomposite thin films made of poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-
phenylenevinylene] (MEH-PPV) and Al,O3; nanowires demonstrated that the
addition of a nanofiller can play a significant role, resulting in the creation of new
energetically favourable states in polymer chains. These states preferentially
emerge due to the disordering induced by nanofiller. The change of thin polymer
structure correlates with the final properties of nanocomposite material, such as
density of states in the band gap, reduction in charge mobility, and shortening of
the exciton diffusion length. These changed parameters result in the reduction of
the maximum luminance and the current efficiency of the prepared diodes. On the
other hand, the nanofiller addition contributed to an increase in the operational
lifetime of the diodes.
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1. INTRODUCTION

1.1 Conjugated polymers

Conjugated polymers/inorganic hybrid nanocomposites are now extensively
used as an active layer in optoelectronic devices such as smart microelectronics,
photovoltaic cells, sensors, photodiodes, and organic light-emitting diodes
(OLEDs) [1]. When compared to equivalent inorganic counterparts, their
distinguishing characteristics, such as ease of processing, low toxicity, a high
optical absorption coefficient (~10°cm™), energy tunability (2.5-4 eV), and
cheaper cost and weight, make them a potential candidate in this respect [2,3].
A polymer (a substance composed of a long chain of molecular structures) is
primarily an insulator. The notion that polymers or plastics may carry electricity
is seen to be ludicrous. Their vast applicability as an insulating material is the
primary reason they are investigated and developed. In reality, these materials are
extensively utilized for covering copper wires and fabricating the outside frames
of electrical equipment that protect humans from direct contact with electricity.
Around three decades ago, scientists found that by undergoing a structural
modification process known as doping, a form of conjugated polymer known as
"polyacetylene™ could become extremely electrically conductive [4]. Therefore,
since the observation of metallic conductivities for iodine doped polyacetylene,
[5,6] the perception that “plastics” cannot conduct electricity was broken. Because
of the alternating single and double bonds in the polymer chain, the polymer is
known as a “conjugated polymer. "Followed by the polyacetylene, the second
generation conjugated polymers, such as poly-3 hexylthiophene and poly(para-
phenylenevinylene) derivatives, utilize alkyl or alkoxy side chain substituted
aromatic rings as the building blocks to construct conjugated polymers, which
exhibit good solubility and stability [7]. Consequently, the third-generation
conjugated polymers with electron- deficient (accepter)-electron-rich (donor)
alternating structures provide more opportunities for polymer design strategies.
Among them, much attention has focused on the development of copolymers
based on the alternation of accepter—donor units [8,9]. In conjugated polymers,
the de-localized electrons excited from HOMO to LUMO can flow across the
system and become charge carriers, making it conductive. When electrons are
removed from the backbone, which corresponds to oxidation, the molecule
become a radical-cation, resulting in a net positive charge, so this polymer is
converted into a conducting form. Similarly, electrons can be added to form
a radical anion, which corresponds to reduction, and this process makes the
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polymer conductive as well, if the polymer structure is suitable. Electrons and
holes (negative and positive polarons) operate as charge carriers, jumping from
one location to another in response to an electrical field, improving conductivity.
The localized form is also called a positive polaron or negative polaron for radical
cation or radical anion, respectively. The doping technique is widely
acknowledged to be an efficient means of increasing the concentration of charge
carriers in dopped materials. Therefore, charge carriers are able to flow. The
electrons in the conjugated system, which are weakly bonded, are able to move
throughout the polymer chain when doping occurs. The optoelectronic
characteristics of conjugated polymers are governed by their electronic coupling,
which is closely associated with the conformation of the polymer backbones.
Generally, the backbone of conjugated polymers is composed of interconnected
carbon atoms with sp? hybridization. The remaining parallel p, atomic orbitals
create T molecular orbitals along the polymer chains, and r-electrons play a major
role in facilitating charge transfer in conjugated polymers. Charge transfer in
conjugated polymers consists primarily of two components: intrachain and
interchain charge transport. The intrachain charge transport is directly influenced
by the overlapping of r-orbitals along the polymer backbone. In an ideal scenario,
the mr-orbitals along the backbone will exhibit highly dispersive waves, and their
strong electronic coupling can contribute to exceptional one-dimensional charge
transport [10]. Moreover, the extensive planar arrangement of the coplanar
backbone of the polymer chain engenders robust w-orbital interactions among
adjacent chains. These interactions hold significant implications for facilitating
the efficient transfer of charges between different chains, underscoring the pivotal
role of a rigid coplanar backbone in the charge transport dynamics of conjugated
polymers. However, the attainment of such a rigid and coplanar conformation
within conjugated polymers proves to be a formidable challenge. In conventional
conjugated polymers, aromatic rings are typically connected by single bonds,
a structural feature that inherently allows energetically favorable conformation of
the backbone which is not coplanar. Considerable strategies have been developed
based on molecular design in order to enhance the rigidity and coplanarity of
conjugated polymers. Chyba! Nenalezen zdroj odkazu. illustrates conventional a
nd rigid coplanar conjugated polymers. The planar conformation is locked by
interaction of the side groups.
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Figure 1 Schematic of a) conventional conjugated polymers b) rigid coplanar
conformation, based on [11]. Note, the circular arrows in the left part of the
scheme indicate dihedral angles.

In recent decades, extensive research has been conducted on the manipulation
of the conformation of conjugated polymers. However, within this realm, there
remain two areas that have received relatively less attention: firstly, the transition
from controlling molecular conformations to understanding how these
conformations affect the aggregation behaviours of polymers, and secondly,
elucidating how these aggregation behaviours, in turn, impact the macroscopic
electrical properties of the materials. Consequently, comprehending the
aggregation behaviours of conjugated polymers emerges as a crucial stepping
stone towards establishing a robust structure-property relationship [11].

1.2 H- and J-Aggregation

Variations in deposition conditions, such as solvent or temperature, allow for
varied packing structures in homopolymer films and varying degrees of phase
separation in blend films. Polymer packing structures are likely to influence
molecular optical properties, particularly the formation of interchain species such
as aggregation and excimer states. Furthermore, a variety of structural
characteristics might influence the optoelectronic and charge transport
capabilities of conjugated polymer thin films. The orientation of the polymer
chains in a device structure with regard to the electrodes, as well as the degree of
crystallinity, can have a significant impact on charge carriers’ mobility. The rate
of interchain charge transfer may be affected by the interchain m-spacing. The
torsion angle between neighbouring interchain charge transfer units within
a single polymer chain affects the chain's planarity and effective conjugation
length, and interchain polymer packing structures can have a major impact on
both charge and energy transport [12]. Therefore, a proper understanding of the
intermolecular (excitonic) coupling and electron-vibrational coupling concepts
leads us to understand the charge and energy transport in soft organic assemblies.
The electronic interactions that occur either within a given chain or between

chains stem from the aggregates of the conjugated polymer. J-aggregates (H-
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aggregates). Aggregation is identified by shifts in photoluminescence energy,
changes in vibronic peak ratio, and photoluminescence lifetime [13]. The
theoretical framework delineating coherent coupling mechanisms in Conjugated
Polymers (CP) was advanced by Spano et al., incorporating a hybrid of J-type and
H-type couplings. This framework contrasts conventional J-aggregation occurring
in van der Waals-bound aggregates by emphasizing unconventional J-type
coupling amid covalently linked repeat units within a polymer chain.
Simultaneously, conventional H-type coupling is highlighted between cofacial
chromophoric units on adjacent chains, adhering to Kasha's exciton theory [14—
16]. J-type coupling predominantly manifests within the same CP chain due to
covalent interactions between head-to-tail arranged transition dipole moments
(TDMs) of repeat units [17,18]. Increased coupling strength or coupling of
additional repeat units, such as through chain planarization, enhancing
m-conjugation, results in heightened J-type photoluminescence (PL).

Parallel arrangement: “face to face” or “cofacial’ Arrangement: “end to end” or “head to tail”
Ve 0=0°
8=90 ,
oot e "' y _~~.-§
W 5 -
S !
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— Blueshift —» Redshift

Figure 2 Schematic representation of the photophysical
absorption properties of a J- or H- aggregate [19]

Spectroscopically, J-aggregation in van der Waals-bound structures aligns
with improved conjugation in covalently bound polymer repeat units [20,21].
Generally, conjugated polymers approximate direct-gap semiconductors,
exhibiting positive effective exciton band curvature around k = 0, a prerequisite
for J-type photophysics [22]. The transition from the lowest excited state to the
ground state in a J-type coupled system is dipole-allowed, leading to distinctive
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spectroscopic changes in PL compared to an uncoupled system. These changes
include an increased radiative rate, reduced PL lifetime, spectral redshift, and
narrowing of the 0-0 vibronic transition, along with an increased 0-0 to 0-1
vibronic peak ratio [17] [23,24]. The two aggregate types are depicted in Figure
2. Slipped facial aggregates are tilted aggregates. In this case it depends on the
staggering angle as to which aggregation type is formed. A notable exemplar of
J-type behavior in CPs is the trans-polydiacetylene isolated chain, demonstrating
an effective ratio of 0-0 to 0-1 PL peaks of almost one hundred, indicative of
excitonic delocalization of order 100 nm as a result of J-type coupling [19,21,25].
In contrast, H-type coupling primarily occurs between chromophoric units on
different CP chains, necessitating a side-by-side arrangement. The transition from
the lowest excited state to the ground state in H-type coupling is, in principle,
dipole forbidden, resulting in contrasting changes in PL compared to J-type
coupling [26—-30]. Recognizing these two aggregate types using the usual spectral
shifts, on the other hand, might be misleading, especially when evaluating the
photophysical response in more complicated morphologies. For example, lutein
diacetate aggregates, which were previously thought to be J-like based on
spectrum shifts, are really H-like, with absorption ratio - Rabs decreasing
considerably with aggregation. Furthermore, despite its H-aggregate structure, an
enhancement in intrachain planarization causes a considerable redshift in the case
of poly(3 hexylthiophene) (P3HT) [20].

1.3 Nanocomposite

Nanocomposites refer to composite materials wherein one of the phases
exhibits nanoscale morphology, such as nanoparticles, nanotubes, or lamellar
nanostructures. These materials possess multiple phases, rendering them
multiphasic, with at least one phase having dimensions ranging from 10 to 100
nanometres. Nanocomposites have emerged as a strategic solution to address
limitations in various engineering materials. Classification of nanocomposites is
based on the materials constituting the dispersed matrix and dispersed phase [31].
The rapidly advancing field of nanocomposites enables the synthesis of
innovative materials with unique properties. The properties of these materials not
only depend on their original constituents but are also significantly influenced by
their interfacial and morphological characteristics. They can be formed by
blending inorganic nanoclusters, fullerenes, clays, metals, oxides, or
semiconductors with organic polymers or compounds. It is noteworthy that the
resulting material may exhibit properties unknown in the parent constituents

5



[32,33] Therefore, the conceptual framework of nanocomposites involves
utilizing nanoscale building blocks to design and fabricate materials with
unprecedented flexibility and enhanced physical properties[34].

1.4 Nanocomposite polymer thin films

The utilization of polymers in various applications is extensive, owing to their
inherent properties; however, their thermal, mechanical, and electrical
characteristics often pale in comparison to metals and ceramics. In response,
polymer nanocomposites have emerged as a new class of materials, offering
a novel approach to augmenting polymer performance. By embedding inorganic
nanoparticles within an organic polymer matrix, these nanocomposites introduce
enhanced functionality and versatility. Their potential applications extend across
various fields, from food packaging to the fabrication of drinkable water bottles,
proving their transformative impact. The composition of polymer matrices,
ranging from homopolymers to copolymers and blends, underscores the
adaptability of this technology. Furthermore, the incorporation of various
nanofillers, such as metal oxides and carbon nanotubes, enables precise tuning of
properties such as electrical conductivity, magnetic, mechanical, thermal and
flame resistance. The good and homogeneous dispersion of nanofillers within the
polymer matrix holds utmost significance, as it fundamentally defines the
resulting physico-chemical properties of the nanocomposites [35-37].

Several methodologies of polymer nanocomposite preparation stand
prominent, each tailored to meet specific requisites. Among these, in situ
polymerization emerges as a sophisticated approach, facilitating the simultaneous
synthesis of the polymer matrix alongside nanoparticle integration. This technique
offers precise control over morphology and particle dimensions, ensuring
advanced engineering of material properties. Conversely, melt extrusion,
renowned for its versatility and industrial applicability, represents a cornerstone
process in polymer nanocomposite fabrication. Operating without solvents, it
alters the physical properties of raw materials by extruding them through a die
under controlled pressure and temperature conditions. On the other hand, solution
dispersion presents an efficient methodology wherein nanoparticles are dispersed
within a polymer solution, and subsequent solvent removal yields the desired
nanocomposite, making this method ideal for large-scale applications. It is worth
pointing out that the solvents utilized in solution dispersion to prepare polymer
nanocomposites contain a range of options, including chloroform, toluene,
alcohol, acetone, and water. The selection of these solvents depends upon their
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compatibility with the polymer and nanoparticles employed in the nanocomposite
synthesis process. Factors influencing solvent choices cover considerations such
as toxicity levels, solubility characteristics of the polymer, and the desired
properties of the final nanocomposite material. Preference often leans towards less
toxic solvents like alcohol, acetone, chloroform, and water due to their favorable
attributes. Furthermore, the choice of solvent plays a pivotal role in impacting the
dispersion and interaction dynamics between nanoparticles and the polymer
matrix, thereby influencing the overall dispersion quality and incorporation of
nanoparticles within the composite structure. Each of these methodologies offers
distinct advantages, catering to diverse needs in producing polymer
nanocomposites [38—40].

The method that is used for preparing nanocomposite in this dissertation is
solution dispersion or solution mixing because of its abundant advantages.
Firstly, it stands out as a quick and straightforward method, perfectly suited for
any scale of production ranging from laboratory to industrial, thereby ensuring
efficiency in manufacturing processes. Secondly, its capability to uniformly
disperse nanoparticles within a polymer solution guarantees a homogenous
distribution throughout the resulting nanocomposite material, ensuring
consistency and reliability in performance. Furthermore, the flexibility offered in
solvent selection allows for tailored compatibility between the polymer and
nanoparticles, enhancing the overall quality of the composite. Another significant
advantage is the precise control over nanoparticle concentration and loading
within the polymer matrix empowers researchers to fine-tune material properties
to meet specific application requirements. Last but not least, the opportunity for
surface modification of nanoparticles before dispersion enhances their
compatibility and interaction with the polymer matrix, ultimately augmenting
overall performance [41].



2. Polymer LEDs

There are mainly two kinds of organic light emitting diodes (OLEDs) based
on small organic molecules and conducting polymers. It was first introduced by
ateam in Kodak in 1987 and after few years in 1990, Friend and Burroughes
developed polymer light emitting diodes (PLEDs) based on PPV through spin
coating technique [42]. Considering that PLEDs are compatible for solution
methods, they have great potential to develop large area light-emitting displays.
In 1992, Heeger and co-workers successfully prepared PLEDs on a flexible
substrate (polyethylene terephthalate, PET), making it possible to create flexible
display devices [43]. In 1994, Kido and Matsumoto realized white light-emitting
polymer electroluminescent devices with power efficiency of 0.83 ImW ™ [44].
PLEDs had several concerns in the early days, including low efficiency and
instability. PLEDSs, on the other hand, have achieved significant advances and
exhibited extensive application possibilities in the areas of display and lighting
sources due to the rapid development of electroluminescent materials and device
structures. PLEDs have several benefits over inorganic light-emitting diodes,
including many applicable materials, low processing cost, compatibility with
solution methods, adaptability for large-area manufacturing, and great flexibility
[45].

2.1 Structure and Mechanism:

Figure 3 depicts the structure and mechanism of PLED. When a bias voltage
is supplied across the device, holes and electrons pass through the interface barrier
and are injected into the organic layer from the anode and cathode.
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Figure 3 Schematic illustration to the
working mechanism of a typical PLED
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They transfer into the hole transporting layer's (HTL) HOMO and the electron
transporting layer's (ETL) LUMO, respectively. The charge carriers are then
stimulated by the external electric field and moved to the emission layer, where
they recombine to produce excitons. These excitons are excited and hence
unstable. Finally, the excitons transition from the excited to the ground states,
resulting in light emission. The energy differential between the LUMO and
HOMO of the emitting organic material determines the colour of the light. Thus,
by changing the active organic components, the emission colour may be adjusted
over the whole visible spectrum [46].

2.2 Substrate and electrodes

OLED substrates are often comprised of plastic or glass. In order to boost hole
injection in HTL, the anode material should have a high work function. The most
common anode material is indium tin oxide (ITO), which has a high work
function. It is also transparent. A low work function is required for the cathode to
allow electron injection in ETL. Cathode materials are often magnesium silver
alloy, barium, and aluminium.

2.3 Performance

Conjugated polymer is sandwiched between the cathode and anode in single-
layered PLEDs. Because of its simplicity and ease of fabrication, this single-layer
structure is common. However, the light-emitting material must have both high
quantum efficiency and relatively equal electron and hole mobility; otherwise, an
imbalanced injection of electrons and holes would occur, reducing device
efficiency. The electron blocking layer, hole injection layer, hole transporting
layer, electron transporting layer, electron injection layer, and hole blocking layer
are all introduced in a multi-layered structure to provide effective and balanced
charge carrier injection. A charge injection layer is used to reduce the barrier
between the electrode and the charge carrier transporting layer, thereby increasing
the number of injected charge carriers; a charge blocking layer is used to confine
most of the charge carriers to the emission layer, enhancing quantum efficiency.



3. AIM OF THE THESIS

The aim of this study is to examine the correlation between the structure of
conductive polymers in thin films and their optoelectronic and electrical
characteristics. Additionally, the research aims to explore a specific modification
technique that involves the introduction of non-conductive nanofiller to a polymer
matrix in order to attain explicit optical and electrical properties. The
accomplishment of the aim may be outlined in the following goals and objectives:

e Neat polymer thin film preparation and characterization

To achieve the aim of this investigation, thin films derived from pristine polymers
F8BT and MEH-PPV will be prepared. The study will focus on the dependence
of structural (dis)ordering on the thickness in the case of F8BT thin films, and
consequently its potential impacts on optical and electrical properties of the thin
films. Thin films from neat MEH-PPV will be prepared as a reference, as their
thickness depended properties have been reported earlier by other members of the
team [47].

e Nanocomposite preparation

Nanocomposite materials containing non-conductive fillers will be prepared. The
investigation will examine the correlation between the changes in the structural
(dis)ordering of the conjugated polymer imparted by the nanofiller and how these
changes are manifest in the ultimate properties of the nanocomposites. The thin
films will be made from the well-known standard study material MEH-PPV and
concentration of the added non-conductive filler Al,O3; nanowires will be varied.
The shape of the filler was chosen as having potential to impart larger disorder
than a simple spherical shape.

e Study of the effects of nanofillers’ on the performance of the prepared LED
devices
To describe how the addition of nanoparticles influences the properties in final
devices, it will be needed to prepare PLEDs comparable with neat polymer
standards. All other conditions will be kept the same. The performance of
prepared Meh-PPV/AI,O3; nanocomposite diodes will be studied, and the obtained
results will be interpreted.
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4. EXPERIMENTAL

Standard experimental spectroscopic characterization methods were used
throughout this work. The background of the less known ER-EIS method is
explained in the publication [BG] and references therein. The specific preparation
of examined materials and samples is provided here briefly.

4.1.1 Thin film preparation
41.1.1 F8BT thin films

In order to achieve thin films spanning thicknesses ranging from tens to
hundreds of nanometers in the experiments detailed in this thesis, solutions
containing polymer F8BT in toluene (100 ul) were deposited onto quartz glass
and 1TO-coated quartz glass substrates via spin coating. To prevent the impact of
oxygen and moisture on the samples, all solutions and thin films were fabricated
within a glovebox environment. Films exceeding 200 nm in thickness were
achieved by casting F8BT solutions with concentrations of 1.5% and 3.0% onto
prepared quartz and Indium Tin Oxide (ITO) coated quartz substrates.

4.1.1.2 MEH-PPV/AI203 nanocomposite and thin films

Nanocomposite thin films were fabricated by initially dissolving MEH-PPV
poly [2 - methoxy- 5- (2- ethylhexyloxy)- 1,4 phenylenevinylene] (Mw: 40,000 -
70,000 g mol?) in chloroform at a concentration of 10 mg/ml, mixed solutions
were prepared by incorporating the appropriate quantity of Al,O3; nanowires to
MEH-PPV solutions. Prior to casting, the dispersions of nanoparticles in the
polymer solution underwent sonication. Subsequently, the thin films were
deposited using a spin coater on indium tin oxide (ITO) and quartz glass (QG)
substrates in the glove-box to protect the films against oxygen.

4.1.2 Preparation of functional devices

The PLED devices featuring a composite active layer of polymer/Al,Os; were
fabricated within an inert (N,) atmosphere on patterned ITO substrates containing
six active pixels. PEDOT: PSS was deposited as the HTL (hole transporting layer)
using standard procedures. A solution containing polymer/Al,O3 in chloroform
was applied onto the HTL layer through spin coating. Subsequently, the coated
layer was dried at 150 °C for 30 minutes. The resulting active layer thickness in
the device measured 45 nm. Finally, a magnesium cathode was deposited via
sputtering. All PLED devices underwent encapsulation in an epoxy resin before
being removed from the protective atmosphere.
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5. RESULTS AND DISCUSSIONS

The primary emphasis of the study lies in the experimental preparation and
characterization of polymer thin films. Significant progress has been made in
various directions outlined by the objectives of the research. This chapter provides
a comprehensive summary of the experimental results obtained, beginning with
a detailed characterization of the materials and thin films, followed by an
examination of the characterization of PLED devices. Furthermore, the results are
discussed along with their presentation to ensure that the reader maintains context
throughout.

5.1 Study of F8BT thin films with different thickness
5.1.1 UV-VIS Spectroscopy

Figure 4, illustrating the contrast between the spectra of films and the thinnest
film (10 nm), provides a clearer depiction of the variations and order
development.

Difference in Absorbance

T T T T T T T T
350 400 450 500 550 600
Wavelength (nm)

Figure 4 Difference between the spectra for thin films and the spectrum of the
thinnest one. Magenta dot line indicates zero difference for the 10 nm sample
itself [BG].

The reference point, represented by an empty circle, corresponds to the
absorbance at the maximum wavelength for a 10 nm film and was utilized to
12



normalize the spectra. Additionally, a peak centered a 504 nm was observed,
indicating broadening of the absorption peak in the original spectra. The only
exception is the 45 nm thick film, which demonstrates maximum broadening at
512 nm. The negative valleys to the right of the reference point prominently
demonstrate a blue shift of the maxima for films 45 nm and 75 nm thick.
However, for other films, the broadening effect predominates over the blue shift.
Notably, the maximum broadening on the blue side of the absorption peak
intensifies from 413 nm to 404 nm. Additionally, a distinct feature emerges at
354 nm, which is not discernible in thinner films. These alterations could be
ascribed to the formation of a new energy state arising from interchain
aggregation states between polymer chains [48]. Nevertheless, if the preference
for the formation of H-aggregates is more pronounced in thicker films, the
absorption spectra would tend to broaden towards longer wavelengths. However,
this contradiction can be elucidated by considering the formation of JH-
aggregates, where the interaction between these two aggregation modes results in
broadening towards higher energies. This concept aligns with Donley's suggestion
in[48], where it was termed as "polymer chain alternating-stacking".

5.1.2 (PL) Spectroscopy

In Figure 5, representative room temperature photoluminescence (PL) spectra
of F8BT films are depicted. The excitation spectra (left side) illustrate that the
positions of excitation maxima and the overall shape of the spectra are influenced
by film thickness. As the thickness increases from 45 nm to 120 nm, a minor blue
shift and significant broadening of these peaks are observed. Notably, in the
thickest film, a substantial change in spectral shape and a redshift of excitation
maxima were detected. These phenomena can be attributed to the extension of the
conjugation length along the polymer chain. The increase in the length of
conjugated segments results in higher delocalization of excitons, leading to
a greater shift of excitation maxima towards lower energy levels of transition
vibrational states [49]. In the right graph, the 0-0 peak (representing exciton
recombination from the 0" vibrionic excited state to the 0" vibrionic ground state)
shows a slight red shift with increasing thickness. Moreover, as the thickness
increases, there is a significant increase in the spectral intensity of the second peak
(denoted as 0-1, representing exciton recombination from the 0™ vibrionic excited
state to the 1% vibrionic ground state). In the thinnest film, the 0-0 PL transition is
observed at 537 nm. Successively, the emission maxima of the 0-0 transition shift
towards 545 nm for films ranging from 45 nm to 200 nm in thickness. However,
when the film thickness exceeds 200 nm, the 0-0 transitions nearly vanish from
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the spectrum, and the 0-1 transition becomes predominant. This shift in the 0-0
transition can be attributed to a modification in polymer chain packing [48], where
J-aggregation of chains facilitates this transition. Indeed, with increasing
thickness, the polymer chains tend to form a more ordered film, favoring
H-aggregation with alternating stacking of polymer chains, consequently altering
the spectral properties of the material. The structural ordering of chains leads to
the dominance of the 0-1 transition with a longer conjugation length in the thickest
films, resulting in low-energy radiative states [48][50].
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Figure 5 Excitation (left), Jem = 576 nm and emission (right), Aex = 466 NM
spectra of F8BT solution and films with different thicknesses [BG].

5.1.3 ER-EIS

In the band gap region (light grey area 1), the Density of States (DOS)
noticeably diminishes with increasing film thickness. The reduction in DOS as a
function of film thickness. This phenomenon can be attributed to a general
enhancement in polymer chain structural ordering and the formation of ordered
units, leading to a decreased population of defect states within the gap. [50].
Another noteworthy feature observed in the grey area Il (Figure 6) s the existence
of shallow states positioned 0.5 eV below the LUMO (-2.65 eV) in the thinner
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polymer films. The presence of shallow states is likely attributed to the
introduction of disorder in polymer chain packing, which can disrupt the
alternating structure of adjacent BT and F8 mer units in neighboring polymer
chains [51]. Such a structural characteristic is expected to enhance interchain
electron transfer (hopping) by facilitating the population of states around -3.15
eV.
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Figure 6 ER-EIS spectra of F8BT films with different thicknesses [BG].

5.2 Study of polymer nanocomposite MEH-PPV/AIL;O3 thin
films

5.2.1 UV-VIS spectroscopy

We analyzed the optical band edges and the optical gap of the polymer in solid
thin film form using Tauc's plot and Urbach's tail analysis of the UV/vis
absorption spectrum, depicted in Figure 7). The primary absorption band is
centered around the maximum at 499 nm (2.48 eV). The transitions within this
region (referred to as T1) correspond to m—m* electron transitions along the main
polymer chain. Additionally, the region T2 signifies electronic transitions
originating from localized and delocalized electronic levels within the polymer
[52]. The introduction of nanoparticles does not alter the transition structure in the
T1 region, and the maxima remain unshifted. However, the impact of nanofillers
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Is evident through the extended absorption observed in the tail region, which can
be further divided into the weak absorption transition region (WAT) and the
Urbach region (U). As nanoparticles are increasingly incorporated, the absorption
in the Weak Absorption Transition (WAT) region rises. This can be ascribed to
the emergence of new states linked to structural disorder within the polymer
matrix induced by the addition of nanofillers[53].
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Figure 7 Absorption spectra of prepared thin films analyzed
in agreement with Urbach’s theory.

5.2.2 (PL) Spectroscopy

The emission spectrum of neat MEH-PPV comprises two main peaks. The first
peak, at 2.11 eV (587 nm) is characteristic of emission from the backbone chain,
arising from the relaxation of excited n-electrons from the 0™ vibrational level in
excited state to the 0™ vibrational ground state level (0-0), Meanwhile, the peak
at 1.96 eV (633 nm) is associated with interchain interaction states [54] and it is
attributed to the relaxation from the O™ vibrational excited state to the 1°
vibrational ground state level (0-1) [55]. Significant changes related to the amount
of nanofiller are evident in the emission spectra, as depicted in Figure 8.
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Figure 9 Normalized photoluminescence emission spectra of

prepared MEH-PPV thin films on QG substrate

17




The inclusion of nanofillers impacts the intensity ratio of the 0-0 and 0-1
exciton radiative recombination transitions. In the case of layers with a thickness
of 100 nm, neat MEH-PPV exhibits a predominance of the 0-1 recombination
channel, indicative of layers with a better-organized structure, as previously
demonstrated and discussed[55][56]. Conversely, the addition of nanoparticles
induces a shift in the ratio of radiative events in favor of the 0-0 channel. As the
amount of nanofiller increases, the intensity of the 0-0 transition compared to the
0-1 transition also increases. The photoluminescence (PL) spectra were measured
on thin films deposited on both ITO (Figure 8) and QG (Figure 9) substrates. For
films on the ITO substrate, the trend in the evolution of PL peak area ratios (refer
to Figure 10) is straightforward, with a slight increase observed. The only minor
anomaly is noted in the sample with a filler content of 0.25 vol %. Conversely,
for layers deposited on QG substrates, the trend is somewhat more intricate.
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Figure 10 The dependences of the PL peak area ratio on
nanoparticles concentration

Given that QG substrates are smoother compared to ITO the filler content is
expected to have a significant impact. The peak ratio declines until reaching the
nanofiller content of 2.5 vol %, after which it begins to increase. This transition
marks a turning point in the development of electronic transitions during radiant
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recombination and associated optoelectronic properties. Other studies have also
shown the dependence of the polymer layer structure on the layer thickness.
[BG][55][49,50]. Maintaining consistency across all these parameters allowed us
to isolate the influence of nanofiller addition. It is conceivable that the
nanoparticles induce a steric effect, creating distance between the chains and
thereby impeding the formation of interchain Coulombic interactions. This
disturbance, if not outright prevention, of macromolecular chain stacking may
result from the presence of nanoparticles. Consequently, the chains will tend to
arrange preferentially in J-aggregated structures, resulting in a state where 0-0
recombination becomes predominant. This explanation aligns perfectly with the
theory of J- and H-aggregates and with the elucidation of their formation[57][15].

5.2.3 SPV and CELIV

Table 1 presents the values of the determined exciton diffusion lengths. A
distinct trend emerges from the provided values, indicating that the exciton
diffusion length decreases with increasing filler content. Specifically, the exciton
diffusion length decreases from 14 nm (neat MEH-PPV) to 1 nm (sample with
5 vol % or 10 vol % filler). The photovoltaic effect hinges on the presence of an
electric field for the dissociation of photogenerated excitons. This field is
established within the space charge region (SCR) at the ITO/polymer interface.
Upon illumination, excitons are generated both within the neutral bulk and within
the SCR. Excitons diffusing within the bulk contribute to a diffusing current,
while a drift current arises from excitons generated within the SCR. The total
photocurrent is the aggregate of both contributions [58].

Table 1 Values of exciton diffusion length (L) and charge carrier mobility (z).

The reduction in the diffusion length observed in samples with increasing
nanoparticle concentration likely stems from heightened structural disorder and
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an augmented density of states within the band gap. For nanoparticle
concentrations exceeding 10 vol %, the diffusion length becomes exceedingly
small, leading to the photogenerated current primarily originating from the space
charge region (SCR). However, an alternative mechanism of photogenerated
charge collection exists, which is independent of the diffusion length. The hole
mobility u in both neat MEH-PPV and MEH-PPV with various concentrations of
Al,O3; nanowires was investigated using the CELIV method. The resulting values
have been included in Table 1. For samples with L > 10 nm, the mobility ranges
from (1.1t0 1.8) x 10° cm?/Vs and is roughly correlated with the diffusion
length. However, in the sample with L = 2 nm, the mobility is one order of
magnitude lower. This discrepancy may be attributed to the addition of
nanoparticles, where a concentration of at least 5 vol % introduces a significant
increase in disorder within the film structure, impacting the transport of charges
in the matrix and subsequently reducing the mobility of holes. In samples with a
filler concentration exceeding 10 vol %, the diffusion length of excitons is likely
no more than 1 nm, given the observed decrease in diffusion length with this
concentration. However, we approach the estimation of exciton diffusion length
with caution and thus refrained from providing specific values for the most filled
samples. Furthermore, the decline in charge carrier mobility correlates with the
reduction in exciton diffusion length.

5.24 ER-EIS

The ER-EIS method was employed to intricately map the band structure of
thin MEH-PPV nanocomposite layers. The density of states (DOS) spectra for
neat MEH-PPV and thin films with varying concentrations of nanofiller are
presented in Figure 11 depicted on a logarithmic scale. The analysis reveals that
the presence of filler alone does not alter the distribution of states within the band
gap. However, an observable trend emerges: as the concentration of nanofiller
within the matrix increases, there is a corresponding rise in the number of defect
states within the band gap of MEH-PPV. The defect states concentration exhibits
a notable increase beyond the 5 vol % concentration threshold. This observation
aligns with the increased disorder detected through GIWAXS analysis in the
MEH-PPV films containing incorporated nanoparticles. It suggests that the
heightened defect states induced by the addition of nanofiller are a consequence
of the structural disorder introduced into the MEH-PPV film.
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Figure 11 The representative ER-EIS spectra of prepared thin films with
different amount of nanofiller in logarithmic scale.

5.3 Study of nanocomposite MEH-PPV/AL;O3; LEDs

In our study, we extended the investigation to the practical application of light-
emitting diodes (LEDSs) to showcase the beneficial impact of the nanofiller. Here,
nanocomposite materials MEH-PPV/AI,O; were utilized as the active light-
emitting layer.

As itis shown in Table 2, the luminance values decline gradually, starting from
220 Cd/m? for neat MEH-PPV to levels in the order of tens of Cd/m? for varying
nanoparticle concentrations. Concurrently, the current efficiency experiences a
dramatic decrease post-nanoparticle addition, stabilizing at approximately the
same level after the inclusion of 1.25 vol % of nanoparticles. The data further
reveal that diodes incorporating an active layer with 0.25 and 1.25 vol % of
nanoparticles achieved nearly twice the electrical power. This phenomenon arises
from the requirement for the same or lower current to pass through the layers,
albeit at a higher voltage. Despite the increase in electrical power, however, a
corresponding elevation in luminance was not observed.
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Table 2 Comparison of parameters of prepared polymer LEDs operated at the
maximal electric power.

Sample Maximum luminance  Luminance at  Current efficiency
(Cd/m?) el. power 0.5 W (mCd/A)
(Cd/m?)
Neat MEH-PPV 220 150 21.92
0.25 140 30 9.16
é: 1.25 45 22 2.29
fé L 25 20 18 2.90
§8 5 19 15 3.62
g 10 10 75 1.69
20 12 10.6 2.08

However, there is an observable enhancement in the stability of electrical
power, ensuring a sustained current flow through the device. This phenomenon is
depicted in Figure 12. In the case of composites, following an initial surge in
voltage (a phenomenon colloquially termed "burning™), the voltage required to
sustain this constant current diminishes and subsequently stabilizes or continues
to exhibit a slight decline. On the contrary, for neat MEH-PPV, the voltage
necessary to uphold a steady current in the device exhibits a persistent rise over
time. This trend can be elucidated by the onset of the Poole-Frenkel effect in
heavily filled composite layers. As the concentration of defect states within the
band gap escalates, trap-assisted electron transport is prolonged, contributing to
the observed behavior [59]. Moreover, the intrinsic MEH-PPV polymer is
susceptible to chain scission, a phenomenon that diminishes carrier mobility. This
reduction in mobility is evidenced by a progressive elevation in the transport
barrier within the material, necessitating greater voltage compensation to sustain
a consistent current flow[60]. Conversely, in diodes made with a nanocomposite
active layer, voltage exhibited an initial surge upon diode activation at the onset
of the measurement period. Subsequently, the voltage either stabilized or
exhibited a slight decline during subsequent operational intervals. Examples of
prepared devices in State On; luminance at electric power 0.5 W is illustrated in
Figure 13.
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Figure 12 Time dependence of the applied bias voltage
maintaining a constant current of 0.1 mA.

Figure 13 Examples of prepared devices (device on the left side contains MEH-
PPV only, the one on the right side contains MEH-PPV with nanofillers).
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6. CONCLUSIONS

The aim of this study is to reveal and demonstrate a significant dependence of
electronic structure and optoelectronic properties of conducing polymer thin films
on their thickness, presenting a non-trivial relationship. Moreover, to examine the
Impact of non-conductive fillers on the structural ordering of conjugated polymer
chains and explore whether modifying the structure of the active layer in an
electronic device using nanofillers can lead to specific enhancements in device
performance.

Following this concept, to present a comprehensive study of structural
ordering impact on the electrical and optoelectronic properties of F8BT, a series
of thin films with various thicknesses of the F8BT conjugated polymer was
prepared on selected substrates. UV-Vis absorption, photoluminescence
spectroscopy (PL), energy resolved-electrochemical impedance spectroscopy
(ER-EIS) and grazing-incidence wide-angle X-ray scattering (GIWAXS) were
used to investigate the optical and optoelectronic changes of the thin films with
increase in thickness.

According to the UV-Vis absorption spectra the main absorption peak,
associated with m-m* electron transitions along the polymer chain, underwent
a slight blue shift with increasing thickness, accompanied by a broadening of the
absorption band. The observed changes, suggested potential interchain aggregate
states between polymer chains, possibly explained by the creation of JH-
aggregates. Photoluminescence spectra study revealed thickness-dependent
variations in both excitation and emission spectra of polymer films. Increasing
film thicknesses (45 nm to 120 nm) leaded to a slight blue shift and pronounced
broadening of excitation peaks, while the thickest film exhibited a significant
spectrum shape change and redshift of excitation maxima. These observations
could be attributed to the extension of conjugation length along the polymer chain,
causing higher delocalization of excitons and a shift towards lower energy levels
in excited states. In emission spectra, for films thicker than 200 nm, the 0-0
transitions decreased, and the 0-1 transition became dominant, that could be
ascribed to changes in polymer chain packing favoring H-aggregation. The
deconvolution of emission peaks and the analysis of the ratio of peak areas further
supported the transition from J-aggregation in thinner films (below 120 nm) to H-
aggregation in thicker films (over 120 nm), influencing the radiative transitions.
There was an obvious correlation among the ratio of emission peaks, the presence
of a satellite peak in DOS spectra, and the film thickness. The 0-1 transition

24



increased with growing thickness, indicating a potential reduction in the satellite
density of states (DOS) peak below the LUMO. This reduction led to a non-
radiative transition instead of the 0—0 transition. The increased transport gap in
the case of thicker films was caused by lower structural disorder, which led to
coherent charge transport along the main chain which is weaker than hopping in
F8BT films. The films were found to contain crystalline phases characterized by
both face-on and edge-on orientations of F8BT chains. The shift in electronic
structure aligned with the transition from edge-on to face-on phase volume ratio,
suggesting a growing prevalence of edge-on orientation in thicker films. The main
distinction between films with thicknesses below 100 nm and those exceeding this
value lied in the interaction between J- and H-aggregation modes within the film
structure. In thinner films, the impact of J-aggregation was prominent, whereas
thicker films are characterized by the dominance of H-aggregation. This involved
alternating m-stacking of F8 and BT units, promoting enhanced structural
ordering.

We noted a critical thickness threshold in various aspects of the films,
occurring around 100 nm, marking the boundary between nano- and microscales.
Although for each combination of polymer, solvent, and process conditions,
a distinct threshold value might be anticipated. However, the approximately 100
nm length scale appears to be a common characteristic of this phenomenon in
general. It is worth pointing out that this phenomenon is being addressed for the
first time in the context of F8BT, focusing on the packing structure and the
formation of H- and J-aggregates. The results of this research were already
published [BG].

For the second work we took a more advanced stride in the exploration of the
effect of nanofiller (Al,Os) in the polymer matrix MEH-PPV Poly[2-methoxy-5-
(2-ethylhexyloxy)-1,4-phenylenevinylene] on optical, optoelectronic, and
electrical properties. Considering the existence of a thickness threshold at
approximately 100 nm, we created two sets of thin films with thicknesses below
and around 100 nm. In both sets, the film thickness remained constant, while the
nanofiller concentration varied and ITO and QG were used as substrates. First of
all, the effect of addition of nanoparticles on optical and optoelectronic properties
was investigated using UV-Vis, photoluminescence (PL) and surface
photovoltage (SPV) spectroscopy. Charge extraction by linearly increasing
voltage (CELIV) and the energy-resolved electrochemical impedance
spectroscopy (ER-EIS) were used for the determination of the nanoparticles’
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impact on the electrical properties, namely on the mobility of charge carriers and
electronic band structure, respectively. Grazing-incidence wide-angle X-ray
scattering (GIWAXS) and atomic force microscopy (AFM) determined the
microstructural features of prepared composite layers. Secondly, to show the
effect of the microstructure and assess the impact of nanofillers from a real-world
and applied perspective, we manufactured light-emitting diodes (LEDs) and
employed the thinner films as the active layer. It is worth mentioning that
commercially available Al,O; nanowires were chosen to be used in our
experiment These properties were investigated using UV-Vis absorption, and
photoluminescence spectroscopy. Exciton diffusion length was examined using
the surface photovoltage (SPV) method, mobility of charge carriers was evaluated
with charge extraction by linearly increasing voltage (CELIV) measurements.
Information concerning the band structure was obtained using energy resolved-
electrochemical impedance spectroscopy (ER-EIS). The influence of
nanoparticles on the development of the micro structure in thin layers was
examine with grazing-incidence wide-angle X-ray scattering (GIWAXS).
Luminance, current efficiency, and stability of prepared polymer light emitting
diodes were tested.

UV-VIS spectra exhibited no change in main absorption band on the other
hand the creation of new states as nanoparticle concentration increases higher than
2.5 vol % was observed that could be linked to structural disorder in the polymer
matrix caused by nanofiller addition. Since fluorimetry provides greater
sensitivity in characterizing electronic transitions linked to thin film structure, we
opted to measure the photoluminescence spectra of thin films on both ITO and
QG substrates. The selection of diverse substrates was intentional, highlighting
that changes in optoelectronic properties are influenced not only by the substrate's
inherent nature but also by the introduction of nanoparticles that was proved by
the changes in the intensity ratio of the 0-0 and 0-1 exciton radiative
recombination transitions. Moreover, the results obtained from lifetime
measurements showed the influence of nanofiller on the lifetimes below 2.5 vol.%
and above 2.5 vol.%. The modified SPV method revealed a clear trend: as filler
content increased, the exciton diffusion length decreased from 14 nm to 1 nm.
This decline could be attributed to heightened structural disorder and density of
states in the band gap.

Furthermore, upon the introduction of nanoparticles into the MEH-PPV
polymer matrix, a disruption in the polymer chain order occurs, leading to
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discernible consequences such as the appearance of additional defect states within
the band gap, a decline in charge mobility, and a shortened exciton diffusion
length. Consequently, these alterations contribute to a reduction in the maximum
luminance of the fabricated diodes and a decrease in current efficiency.
Conversely, the inherent degradation of the polymer is notably decelerated,
resulting in an extension of the diode's lifespan. Furthermore, a critical
nanoparticle concentration threshold exists for the MEH-PPV/AI,O5; system.
Beyond 2.5 vol.% of nanoparticles in the MEH-PPV matrix, there are substantial
changes in density of states, optoelectronic properties, exciton diffusion length,
and charge carrier mobility.

We tried to understand a significant factor affecting the MEH-PPV polymer
matrix when employed in light-emitting diodes. In prior studies, my colleagues
uncovered the positive impact of semiconductor nanoparticles on the ultimate
efficiency of PLED devices[61]. However, it remained unclear whether this
enhanced efficiency resulted from the manipulation of the polymer matrix
structure or the semiconducting properties of the nanofiller. Through this study,
the uncertainty between these two influences was addressed by introducing non-
conductive nanoparticles into the polymer matrix. The semiconductor
nanoparticles can influence the electroluminescence efficiency positively or
negatively, depending on their contribution to the charge carrier transport balance,
while inevitably imparting some structural disorder to the polymer matrix as well.
The role and effects of the disorder itself were demonstrated for insulating
nanoparticles in this study. Such particles can prolong the lifetime of the device
even at smallest concentrations, but can also can diminish the luminance of the
device, especially at high concentrations.
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7. Concluding remarks

7.1 Contribution to Science and Practice

This study makes a modest yet distinctive contribution to the broad field of
research on charge transport in semiconducting conjugated polymers. Since the
packing structure of polymers, particularly in the solid state, plays a crucial role
in determining their optical and electrical properties, in our first work, a number
of polymer thin films with different thicknesses were prepared and several
techniques were employed to investigate the packing structure of prepared
polymer thin films. Our comprehensive investigation led to discovering a
thickness threshold for the first time for F8BT polymer where one of the HJ
aggregations could become dominant. It is worth mentioning that as we used a
pretty accurate, unique, and complicated method to calculate the density of states
(DOS) of F8BT thin films, our work plays a crucial role in helping other scientist
to describe, prove the authenticity of their results and achieve new findings. For
example, Saitov [62]. et al used a simple method to calculate the DOS and using
our results as a supporting article they found that there is a negligible weak
dependence of charge carriers' lifetime on the photon energy and they showed that
the peculiarities of the absorption and photoconductivity spectra are determined
mainly by the Gaussian distribution of the density of states (DOS). Therefore,
they could demonstrate that DOS distribution directly influences the transport
properties of the material. In the complete picture, the outcomes of this research
hold a significant promise for advancing electronic device fabrication. Enabling
the prediction of critical parameters across various applications, including charge
transport and luminescence. Our findings offer valuable insights into enhancing
device performance. Moreover, unveils the potential to observe physical
phenomena that were previously obscured by disorder-induced limitations.

Adding to the complexity there is a common consideration in the field of
polymer nanocomposites. When conductive nanofillers are added to a polymer
matrix to enhance optical and electrical properties, it prompts the inquiry into
whether the improved device performance is primarily due to the conductive
nature of the nanofillers or if there are changes occurring in the polymer
structures. Our second research addresses this significant question by addition of
nan-conductive nanofillers with various concentrations into the polymer matrix.
Based on the achieved results, this research provides insights into how non-
conductive nanoparticles affect material properties and addresses whether
modifying the structure of the active layer using nanofillers can bring about
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specific improvements in the performance of an electronic device. We are
confident that our research can contribute to optimizing polymer light sources,
clarifying some of the factors influencing efficiency and lifetime of the devices.
Our study provides valuable insights into the influence of non-conductive
nanoparticles on both material properties and the functionality of the resulting
device.

7.2 Ongoing research and Future prospects

Building on the obtained outcomes, the recent investigation centered on
integrating nanoparticles into various conjugated polymers, such as F8BT and
MEH-PPV. These polymers serve as a representative of conductive polymers with
documented real-world applications in the electronics industry. Based on the
stability and lifetime measurement results, we were able to improve charge
stability and thus prolonged operating time of the PLEDs using the addition if
nonconductive nanofillers into the conjugated polymer matrix. However, the
electroluminescence intensity measurement that was carried out under the
constant flow of electric current through the device indicted that the addition of
nonconductive nanofillers reduced the luminance of the device compared to neat
MEH-PPV. From a practical point of view, the improvement of luminance,
stability and external quantum efficiency of devices play a significant role in the
technology transfer from laboratory to real applications. In order to achieve
optimal dispersion of nanoparticles within polymers and fabricate practical
polymer light-emitting devices with high efficiency, there is a need for further
research to improve the understanding of nanoparticle dispersion and interactions,
as well as the different fabrication methods used in the production of thin film
nanocomposites. This involves a comprehensive analysis of fundamental
properties of nanofillers, focusing on size-dependent characteristics, quantum
effects, and the intricate interplay between nanoparticles and polymer matrixes.
we believe, it will be possible to find a suitable nanofiller enabling both governing
of the structure and improving the luminance of devices in the future.

7.3 Publication of the results

According to the rules of Tomas Bata University in Zlin, at least a substantial
part of the core of results of a dissertation shall be published in impacted journals
to assure the work is examined in an independent review process and meets the
criteria of current world state of the art in its field.
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As such, the research work is always performed within the research group and
any publication has co-authors contributing according to their role in the team.
Moreover, there is also a vivid cooperation with national and foreign research
teams.

The results presented in this thesis pertaining the F8BT thin films have been
already published in [BG]. Specifically, in this work, ER-EIS and GIWAXS
measurements were done in Bratislava at Institute of Physics of the Slovak
Academy of Sciences by Dr. Vojtech Nadazdy, Dr. Karol Végsoé and Dr. Peter
Siffalovi¢. All other work on the thin film sample preparation and spectroscopic
characterization as well the data interpretation was performed by me under the
auspices and with the help of my supervisor, consultant and other colleagues in
the team being the co-authors of the paper.

The second and third parts of this work have been embodied into one
manuscript entitled “Trade-off between high performance and long life due to
nanofiller effects in polymer LEDs: MEH-PPV/AI,O3; nanocomposite study”,
which is under second review after revisions in Applied Surface Science at the
time of compiling this text. Again, the ER-EIS and GIWAXS measurements were
done in Bratislava, whereas the SPV and CELIV measurements were performed
in Prague at the Faculty of Mathematics and Physics of the Charles University by
assoc. prof. Jana TouSkova and assoc. prof. Jiti Tousek. I was given the
opportunity to get training and performed a part of these measurements during my
stay in Prague under their supervision. Their student Patricie Klosse also
contributed by conductivity measurements. Some of these measurements were
also performed by my consultant Dr. Pavel Urbanek who often visited this
institute. The other work on the sample preparation, namely thin films
preparation, fabrication of devices, spectroscopic characterization and data
interpretation were performed by me under the auspices and with the help of my
supervisor, consultant and other colleagues in the team being the co-authors of the
manuscript.
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