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Chapter 1

Introduction
Summary
Conjugated semiconducting polymers attract considerable attention as the active
material for optoelectronic applications. Performance improvement of these devices
requires physical understanding of all mechanisms that govern their efficiency. Operation principles of polymer-based photovoltaic cells and light-emitting diodes (LED)
are discussed with regard to excitonic processes; relevance of photophysical aspects
is pointed out for the each particular type of devices. A short outline of the thesis
follows at the end.
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1.1

π-conjugated semiconducting polymers

High electrical conduction of oxidized (p-doped) polyacetylene has been discovered
by Shirakawa, MacDiarmid, and Heeger in 1977 [1]. This breakthrough has revealed
that some polymers exhibit (semi)conducting properties. Since then, conjugated polymers (Fig. 1.1) are considered as promising semiconducting materials for application
in (opto)electronic devices (e.g. solar cells, light-emitting diodes, and field-effect
transistors) due to their mechanical and optical properties, and potential low-cost
manufacturing.

Figure 1.1: Chemical structures of commonly used conjugated polymers.

Figure 1.2: a) Schematic representation of pz orbitals overlap in a conjugated segment of the polymer. b) Bonding π and untibonding π ∗ orbitals of the
primary conjugated molecule - ethylene.

In general, semiconducting polymers have an alternating sequence of single and
double bonds along the polymer backbones as shown in Fig. 1.2. The carbons in
this sequence are sp2 hybridized, which leaves one orbital (pz ) perpendicular to the
chemical bound direction, unhybridized. The electrons in these alternately overlapping orbitals form a π-electron cloud, delocalized over the conjugation length of the
polymer. Conjugated polymers are semiconductors, with filled bonding π-orbitals and
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unoccupied antibonding π ∗ -orbitals. Semiconducting polymers are not ideal conjugated systems, they have breaks in the conjugation length due to twists and kinks,
as well as due to the chemical defects (Fig. 1.3a). This results in variations in the
conjugation length of the segments and concomitantly in spread of the electronic
energy levels. Thus, polymeric semiconductors can not be described by delocalized
valence and conduction bands formed by π and π ∗ orbitals, respectively. The spreads
in energy levels of the highest occupied molecular orbitals (HOMO) and of the lowest
unoccupied molecular orbitals (LUMO) are often approximated by a Gaussian distribution of the density of states (Fig. 1.3b). Most semiconducting polymers have an
energy gap between the HOMO and LUMO that lies in the range 1.5-3 eV, which
makes them ideally suited for applications in optoelectronic devices operating in the
visible light range.

Figure 1.3: a) Disordered conjugated polymer as an array of conjugated segments.
b) Energy distribution of the localized states approximated by the
Gaussian. Charge carrier (exciton) hopping process is also schematically shown.

1.2

Photophysics of conjugated polymers

In this section a brief review of steady-state and time-resolved optical studies is given
to demonstrate the nature of electronic excited states in conjugated polymers. Many
results were obtained from experiments where excitations are photo-generated (e.g.
photoluminescence, PL). They are also relevant for understanding electroluminescence
EL, for example, because in most cases the emitting species is the same, whether
optically or electrically generated.
When photons with energy beyond the absorption edge are incident on a semiconducting specimen of the polymer an electron and a hole with opposite spin are created
bounded by their Coulomb attraction in a singlet exciton state. Unlike in inorganic
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semiconductors, there is no band to band transition in molecular solids because the
coupling between (localized) molecular excitations and valence and conduction band
continuum states is vanishingly small. Concomitantly, the dielectric constant of the
order of 3 as compared to 10 in inorganic semiconductors results in strongly bound
Frenkel-like localized excitons. Hence, exciton effects are important at room temperature in contrast to inorganic Wannier type excitons with a binding energy of about
kT at room temperature.
Binding energy. An important question is the magnitude of the binding energy
(EB ) of the exciton in conjugated polymers. The disorder present in conjugated polymers prevents the exciton binding energy from being a well defined material quantity.
The activation energy of photoconductivity in PPV-type systems cannot be used to
characterize the exciton binding energy, because usually extrinsic effects prevail in
charge carrier formation from the singlet exciton S1 -state. Although it has been suggested to be of the order or less than kT [2], there is a large amount of experimental
evidence of a much stronger binding. A Monte Carlo simulation study has been conducted to model bimolecular charge recombination treated as a random walk of a pair
of charges in an energetically roughened landscape, with superimposed long ranged
coulomb interaction [3, 4]. This analysis has demonstrated that the effective recombination cross section of a charge carrier decreases sharply as EB decreases. Under the
condition EB ≤ kT the probability for recombination of a pair of charge carriers is
almost two orders of magnitude less than the recombination required to explain the
performance of the polymer-based LEDs. On the other hand EB > 0.2 eV granted
sufficient recombination cross section. The exciton binding energy has been experimentally derived from studies of the photovoltaic response of PPV based diodes,
leading to an exciton binding energy of approximately 0.4 eV [5].
One of the most convincing quantitative assessments of the exciton binding energy
magnitude is provided by studying the photoluminescence quenching due to an electric
field [6, 7]. The dissociation of an excited singlet state of a conjugated polymer requires field-assisted transfer of the constituent charges to a neighboring chain or chain
segment. In first order approximation, this would occur if the gain in electrostatic energy, eE∆z, compensates for the energy expense for the charge transfer in zero field.
The use of ∆z = 10 Å and E = 2 × 106 Vcm−1 leads to a eE∆z = 0.2 eV. Indeed,
considerable steady-state PL quenching effect has been observed for films of poly(phenyl-p-phenylenevinylene)/polycarbonate (PPPV/PC) blends upon application of
an electric field of this order of magnitude [6]. Experiments were also performed in a
time resolved fashion [7], as will be described in the following subsection. It should
be noted that the quenching effect is not instantaneous but occurs on a picosecond
time scale, which rules out an interpretation of the effect in terms of a field-induced
redistribution of oscillator strength. Monte Carlo simulations of the field dependence
of PL quenching give a good fit to experimental data for values of EB = (0.4±0.1) eV.
Besides field assisted exciton dissociation these simulations take into account radiative decay, energy relaxation within an inhomogeneously broadened density of states,
and exciton capture by nonradiative traps, as will be discussed below.
Disorder and exciton dynamics. There is considerable evidence that conjugated polymers can be regarded as arrays of chromophores that can be identified as

Introduction

5

fully conjugated segments of the polymer chain consisting of 6-10 monomer units in
the case of PPV [8,9]. The electronic and optical properties of the conjugated polymer
are determined by the ensemble of conjugated segments, whose optical transitions are
similar to those of oligomeric model compounds with comparable length.

Figure 1.4: Steady-state absorption and PL spectra of NRS-PPV (right). The density of states for 0-0-transition derived from a fit to the low energy part
of the absorption spectrum is depicted with a dotted line. Chemical
structure of NRS-PPV is also shown (left).

Fig. 1.4 depicts the room temperature absorption and PL spectra for poly[2-(4(30 ,70 -dimethyloctyloxyphenyl))-co-2-methoxy-5-(30 ,70 -dimethyloctyloxy)-1,4-phenylene
vinylene] (NRS-PPV). Commonly for PPV derivatives no narrow spectral features are
observed in the optical absorption spectrum. On the other hand, the PL spectra of
many PPV derivatives show distinct emission bands that are generally attributed to
electronic transitions followed by vibronic progressions at lower energies. There is
no strict mirror symmetry between the absorption and the emission spectra, which
already suggests the occurrence of energy relaxation processes in the excited state.
Site-selective luminescence spectroscopy [8] has revealed that the different width of
emission and absorption bands can be explained by the disorder present in the polymers, leading to a localization of the electronic wave function and a strong inhomogeneous broadening of the optical transition. After excitation into higher lying states
of the inhomogeneously broadened transition, relaxation processes preferentially populate the lowest lying states. The radiative transition to the ground-state occurs
from the lower lying level of the density of states (DOS). As a result, the emission is
substantially spectrally narrowed compared to the absorption band.
Excited state energy relaxation in PPV derivatives has been described by a model
[10], which considers exciton thermalization via hopping in a DOS that is approximated by a Gaussian distribution of energies :
µ
2 −1/2

ρ(E) = (2πσ )

exp

¶
E2
− 2 .
2σ

(1.1)
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Figure 1.5: a) Scheme of the energy relaxation within the inhomogeneously broadened DOS of the polymer in presence of traps. The curved arrows indicate the hopping processes of the photoexcitations. b) The distribution
functions of the photoexcitations for different time delays (4t = t1 −t0 )
after pulsed excitation.

In Fig. 1.5a the hopping between different conjugated segments, that form a rather
broad DOS with a Gaussian width of σ = 0.08 eV (as obtained from the fit to the
low energy part of the absorption spectrum in Fig. 1.4), is schematically indicated.
The dynamics of the hopping process has been studied in PPV by time-resolved
PL measured at different detection energies [10,11] and is shown in Fig. 1.6a(symbols).
After pulsed excitation the exciton energy distribution function develops in time as
shown in Fig. 1.5b, resulting in faster luminescence decay for higher energies in the
DOS. These data have been accurately described within a Monte Carlo simulation
model of exciton relaxation in a Gaussian DOS (Fig. 1.6a). It has been demonstrated
that exciton traps have to be taken into account for the interpretation of the dynamics
of the emission at low energies, while PL decay for states with energies higher in the
DOS are almost unaffected by the presence of traps. Simulations of the PL decay
with traps taken into account, suggested a trap density of 20% in the particular PPV
derivative under investigation. The exact origin of these traps remains controversial,
the most common suggestion is the presence of electron capturing carbonyl groups.
Additionally, simulation of the PPV PL decay on nanosecond time scale (Fig. 1.6b)
pointed towards an exponential distance dependence of the hopping rates, which
favors phonon-assisted tunneling process rather than dipole-dipole energy transfer, as
commonly observed in molecular crystals.
Hence, the photoexcitation dynamics can be quantitatively explained within the
framework of a random walk hopping relaxation of localized excitations in an inho-
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Figure 1.6: a) The transient PL of PPV at different emission energies at room
temperature (symbols) together with the calculation of the transient
PL for different trap densities (lines). b) PL decays of PPV recorded at
different temperatures (symbols) together with the simulation results
with assumption of dipole-dipole transfer (dotted lines) and phononassisted tunneling (solid lines) [10].

mogeneously broadened DOS in the presence of traps. This combination of processes
results in strongly non-monoexponential PL decay dynamics, as observed in PPV on
the pico- and nanosecond scale for a wide range temperatures (Fig. 1.6).
Inter-chain excitations. It is widely accepted that the generation of singlet
intra-chain excited states is the dominant product of photoexcitations in conjugated
polymers. However, this has been questioned by Rothberg and co-workers, who instead suggested that photoexcitation mainly leads to the generation of inter-chain
polaron pairs [12, 13]. Polaron pairs differ from excitons in the sense that the excited
electron and hole are separated onto adjacent chains (conjugated segments). With
their characteristic chain deformations the pair consists of essentially a negative polaron P- and a positive polaron P+ bound by Coulomb attraction. These inter-chain
excitations are analogous to molecular excimers or exciplexes. These pairs have also
been called indirect excitons or charge transfer excitons.
The emission efficiency of indirect excitons is expected to be much smaller than
the intra-chain one. The PL spectrum of a pristine PPV film does not allow a spectroscopic distinction between these types of excitons and inter-chain excitons were
referred as non-emissive [14]. The quantum yield of luminescence is then the fraction of absorbed photons that generate emissive species multiplied by the fraction of
emissive species which decay radiatively:
³ k
´
r
qr = b
,
(1.2)
kr + knr
where the branching ratio b ≤ 1 is the fraction of absorbed photons generating emissive
excitons, and kr and knr are the radiative and nonradiative exciton decay rates,
respectively. Greenham et al. [14] have performed steady-state and time-resolved PL
measurement and have determined the luminescence quantum yield qr as well as the
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luminescence lifetime τ −1 = kr + knr in PPV films. In their analysis the longest
luminescence lifetime τr ever reported in literature for a pristine PPV film is used to
estimate kr = 1/τr [15]. From this estimate Greenham et al. have concluded that the
branching ratio b is close to unity and photoexcited species are intra-chain excitons.
Nevertheless, similar studies carried out on a cyano-substituted phenylene vinylene
polymer (CN-PPV) have shown an unusually long natural radiative lifetime [16, 17].
This points towards a transition that is not fully allowed radiatively. Combining that
value with the large Stokes loss it was concluded that the emission from CN-PPV
originates from an excitation that is delocalized between neighbouring chains (interchain emission). The matrix element for such an emission depends on the overlap of
the wave functions on the two chains. The smaller distance between the CN-PPV
chains, as compared to that between MEH-PPV chains (one of the most studied PPV
derivatives), leads to a larger matrix element. Calculations have demonstrated that
the probability of emission is typically 16 to 20 times larger for CN-PPV [18]. With
CN-PPV having a radiative lifetime of 16 ns [19], it is apparent that an MEH-PPV
excimer would be most likely non-emissive. Rothberg and co-workers have suggested
a photophysical picture attributing the nonexponential and long-lived luminescence
to emissive exciton reformation from inter-chain polaron pairs with a distribution of
rates [13, 15, 20].
These experiments strongly indicate that inter-chain electronic species do form
in conjugated polymer films, and that their number depends on processing conditions, chain conformation, and degree of inter-chain contact. Areas in the polymer
film where the inter-chain excitation formation is promoted, may serve as quenching centers, thereby immobilizing and possibly scavenging emissive intra-chain singlet
excitons [21–23].
In conclusion, excitons are generally believed to be the main product of π − π ∗
photoexcitation in conjugated polymers [24,25]. Conjugated polymers should be considered as arrays of chromophores (conjugated segments) originating from subunits
of the polymer chain separated by topological faults [26, 27]. If we consider a threedimensional array of conjugated segments, electronic excitations on each segment
become mobile among the array as a Frenkel exciton. On the other hand, the electronic structure of each segment is viewed as a one-dimensional semiconductor, hence
the exciton inside each conjugated segment can be described as a Wannier exciton.
Electro- or photo-generated excitons are relatively mobile and are able to propagate
in the polymer film by hopping between adjacent conjugated segments with concomitant transitions between the states in the excitonic DOS (Fig. 1.3). As a result, fast
(within several picoseconds) thermalization of the exciton within an inhomogeneously
broadened DOS is observed, followed by a subsequent relatively slow thermally activated exciton diffusion in the tail of the Gaussian. For conjugated polymer films such
a random walk (∼10 nm) of an exciton increases the probability of nonradiative exciton decay, as an increased number of quenching sites, that are always present in the
material, become accessible for the exciton. In general, excitonic processes strongly
affect the performance of polymer-based optoelectronic devices such as LEDs and solar cells. The process of exciton migration in particular plays different roles in these
devices, thereby influencing their performance.
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Organic solar cells.

Organic semiconductors generally have a low dielectric constant and a high exciton
binding energy, unlike inorganic semiconducting materials. As a result, the thermal
energy at room temperature is not sufficient to dissociate a photogenerated exciton
(typical binding energy of 0.5 eV) into free charge carriers. Consequently, the configuration and operation principle of photovoltaic devices based on organic semiconductors
differ significantly from those based on inorganics.
In the first reported all-organic solar cell, a photovoltaic effect was observed in
a device where a single layer of an organic material was sandwiched between two
dissimilar electrodes [28]. In these cells, the photovoltaic properties strongly depend
on the nature of the electrodes; using heavily doped conjugated materials resulted in
power conversion efficiencies of up to 0.3% [28]. A key improvement to the structure
of PV cells based on organic semiconductors was made by C. W. Tang in 1986 by
applying a double-layer PV cell with p- and n-type organic semiconductors with an
offset in their energy bands. Using this approach the power conversion efficiency
could be improved up to about 1% [29]. Sariciftci et al. applied this double-layer
technique to a conjugated polymer PV cell (shown in Fig. 1.7a) by evaporating C60
on top of a spin-cast MEH-PPV film [30]. In this cell excitons are photogenerated
in the polymer layer upon absorption of the visible light (Fig. 1.8a). Subsequently,
the excitons migrate in the polymer film by hopping between conjugated segments of
the polymer chains. When reaching the polymer/C60 heterojunction, an electron is
transferred to the high electron affinity C60 layer. Thus, an efficient electron acceptor
layer is used in these cells in order to dissociate the strongly bound exciton into free
charge carriers. Next, transport of the photogenerated holes and electrons (holes in
the polymer and electrons in the fullerene) takes place, followed by charge collection at
the electrodes (Fig. 1.8b). While the initially reported bilayer device produced 1.2%
EQE (external quantum efficiency, electrons collected per incident photon), Halls et
al. reported 9% peak EQE with the same materials by optimizing the thickness
of the polymer and fullerene layers [31]. These experiments also revealed that the
excitons in this device need to be generated near the interface to allow dissociation
to occur before recombination. The exciton diffusion length LD , which characterizes

Figure 1.7: Device architectures of conjugated polymer-based photovoltaic cells:
a) bilayer PV cell; b) disordered bulk heterojunction cell.
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Figure 1.8: a) Exciton photogeneration followed by exciton migration and charge
separation at the polymer/fullerene interface. b) Charge transport in
polymer-based PV is schematically shown on the energy level diagram.

the effective width of the area of the polymer film at the fullerene interface, has been
reported to be 5-8 nm in conjugated polymers [31–33]. Because the exciton diffusion
length in a conjugated polymer is typically less than the photon absorption length
(∼100 nm), the EQE of a bilayer cell is limited by the number of photons that can be
absorbed within the effective exciton diffusion range at the polymer/electron acceptor
interface.
To circumvent the problem of limited exciton diffusion length in conjugated polymers the bulk heterojuction PV cell architecture has been developed, by simply blending the polymer with a soluble electron acceptor [34, 35], as shown in Fig. 1.7b. The
characteristic (reduced) size of the polymer phase in the active layer of the cell grants
that all excitons are formed within the diffusion distance from an electron acceptor interface. As a result, an interpenetrating donor:acceptor network allows photon
absorption improvement by a simple increase of the active layer thickness, thereby
maintaining an efficient dissociation of excitons. Yu et al. found that by blending
MEH-PPV with a solubilized form of C60 , [6,6]-phenyl C61 -butyric acid methyl ester (PCBM), total quenching of the polymer luminescence as well as improved carrier
transport could be achieved [36]. The conjugated polymer:PCBM bulk heterojunction
is currently the best polymer-based PV cell with an EQE above 70% at the absorption
maximum and a power efficiency under white light illumination above 4% [37].
Exciton diffusion is a beneficial process for polymer-based PV cells since it governs the transfer of the photoexcitation energy towards the electron donor/acceptor
interface, where free charge carriers are formed. Improvement of the exciton diffusion
allows for bigger sized polymer domains, leading to an enhanced absorption and solar
cell performance.

Introduction

1.4

11

Light-emitting diodes

After the discovery of electroluminescence in conjugated polymers in 1990 [38] research
and development in the use of conjugated polymers as the active semiconductor in
light-emitting diodes (LED) have advanced very rapidly. Nowadays, polymer-based
LEDs (PLEDs) meet the specifications required for consumer electronics device application and are seen to be very promising due to their efficient light generation,
mechanical flexibility,and easy and low-cost manufacture using solution processing.
In parallel with the development activities, advancement has been made in understanding the physical processes that control the properties of these devices.
The schematic representation of a single-layer PLED is shown in Figure 1.9a. A
typical prototype device is prepared by spin-coating a conjugated polymer on top of a
high work-function transparent electrode (e.g. indium-tin-oxide, ITO), which serves
as a hole injecting contact. Subsequently, the top electrode (cathode) is applied by
deposition of a low work-function metal (calcium or barium), covered by a layer of Al
for protection against oxygen. It is well recognized that there are three main processes
governing the PLED performance (Fig. 1.9b):
• charge injection;
• charge transport;
• charge/exciton recombination.
Charges are injected from the electrodes into the polymer layer under forward
bias voltage. Holes and electrons are transported towards each other in the applied
field with subsequent formation of excitons under their mutual electron-hole Coulomb
attraction. Following this process, light is emitted upon exciton recombination. The
emission wavelength can be tuned and depends on the chemical structure and composition of the active layer.
Before entering the polymer layer, charges have to surmount injection barriers
that are determined by the offsets between the electrode work-functions and HOMO
and LUMO of the polymer, respectively. Unbalanced injection of holes and electrons
results in an excess of one type of the charge carriers and may lead to a limited
conversion efficiency (CE, defined as photons/charge carrier). For contact barriers
below 0.4 eV it has been demonstrated that the current flow through the PLED is
governed by the charge-transport properties in the bulk of the polymer layer [39–
41]. Transport of charges in conjugated polymers is commonly characterized by a
low mobility of the charge carriers, typically 5-10 orders of magnitude lower than in
inorganic semiconductors due to a high degree of energetic and structural disorder.
Besides that, for PPV derivatives it has been obtained that the electron conduction
is significantly smaller than the hole conduction, which is attributed to the presence
of electron traps [39] or to a lower electron mobility [42].
The reduced electron conduction localizes the electron density mainly at the cathode. Langevin theory is commonly used for modeling of charge recombination in
PLED [43]. The nature and photophysics of the neutral excited state in conjugated
polymers is of importance for the device performance and its further improvement.
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Figure 1.9: a) The PLED architecture is shown together with a simplified representation of the processes of the charge transport and the exciton
quenching at the cathode. b) Schematic energy level diagram for
ITO/polymer/Ba LED.

Generally, the electrical excitation of the polymer is expected to produce excitons
with spin wavefunctions in the triplet and singlet configurations in the ratio 3:1. It
has been also suggested that the singlet exciton formation ratio may differ from 25%
in organic compounds with an extended conjugated system (see [44,45] and references
therein). Next to the 60-75% of electron-hole pairs that are lost as triplet states, the
competition between radiative and nonradiative decay of the singlet exciton is another
important issue, which governs the conversion efficiency of these devices. Additionally to the nonradiative exciton quenching, intrinsic for a conjugated polymer film,
there are radiative and nonradiative rates that are modified by the metallic electrodes.
This issue will be addressed in more detail in Chapter 5; here it is important to note
that the presence of a metal cathode opens up an additional nonradiative exciton loss
channel via nonradiative energy transfer to the metal. The confinement of the exciton
generation profile to the metallic cathode due to reduced electron conduction leads
to an effective nonradiative exciton quenching (Fig. 1.9a), which significantly reduces
the PLED performance at low bias voltage [43, 46]. The exciton migration supports
the latter mechanism of luminescence quenching by bringing an extra portion of the
excitons into the quenching sink at the cathode interface. Thus, as a result of this enhanced quenching exciton diffusion is an unfavorable process for PLED performance.

1.5

Outline of this thesis

Excitonic processes play an important role in the operation of polymer-based optoelectronic devices, that are currently being considered as alternatives for conventional
inorganic optoelectronic applications. Although the efficiency of prototype devices
has been considerably improved, the description of the physical principles behind the
device operation is not yet complete and is controversial in certain aspects. The dynamics of exciton migration in conjugated polymers has to be studied with respect to
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the following questions: What is the mechanism of photoexcitation energy hopping
between localized states in disordered and partly-ordered conjugated polymers? Are
there preferential directions for exciton diffusion? What chemical modifications of the
polymer chain structure will enhance the exciton transport and thus increase PV cell
efficiency? What role does exciton diffusion play in the quenching of excitons at the
cathode of single-layer polymer-based LEDs? The scope of this thesis is also to develop an accurate description of the exciton dynamics in films of conjugated polymers
and to evaluate its importance for the quenching at the metallic contacts.
In Chapter 2, a model system for the study of exciton diffusion in films of solution
processable conjugated polymers is presented. It is observed that heterostructures
consisting of a spin-coated soft PPV derivative and evaporated C60 are ill-defined
because of diffusion of C60 into the polymer, leading to an overestimation of the
exciton diffusion length. This problem is resolved by using a newly developed polymerizable fullerene layer, made by thermal side-chain polymerization/cross-linking of
a fulleropyrrolidine derivative, that allows formation of a well-defined, completely immobilized, and sharp PPV/fullerene heterojunctions. In this model system, a steadystate characterization of an exciton diffusion is performed by means of photoluminescence quenching measurements.
The dynamics of the exciton diffusion process in a PPV-based derivative are investigated in Chapter 3 using time-resolved photoluminescence in conjugated polymer/fullerene heterostructures. The decay of the luminescence for various polymer
layer thicknesses is described by a one-dimensional diffusion model and an exciton
diffusion constant of 3 × 10−4 cm2 /s is derived for NRS-PPV. The resulting exciton
migration radius amounts to 6 nm, which is a measure for the active part of the
PPV/fullerene heterojunction for photovoltaic applications. The controversy of the
exciton dynamics in conjugated polymers is addressed and different approaches to its
description are compared with emphasis on the exciton diffusion.
The correlation between energetic disorder and exciton diffusion properties in
PPV-based polymer/fullerene heterostructures is discussed in Chapter 4. Current
density-voltage measurements of the hole-only diodes based on three different PPV
derivatives were performed to characterize the energetic disorder. Reducing the energetic disorder by chemical modification of the PPV, giving rise to a charge carrier
mobility increase of three orders of magnitude, leads to an enhancement of the exciton
diffusion constant of one order of magnitude. With respect to PV cell improvement,
the exciton diffusion length is demonstrated to be independent of the amount of energetic disorder, since the increase of the exciton diffusion constant is canceled by a
simultaneous reduction of the exciton lifetime.
The analysis of the dynamics of exciton quenching in a conjugated polymer due to
the presence of metal films is presented in Chapter 5. The quenching is governed by
direct radiationless energy transfer to the metal and is further enhanced by diffusion
of excitons into the depletion area of the exciton population at the polymer/metal
interface. We disentangle nonradiative energy transfer from the exciton migration
process by the use of a diffusion-assisted energy-transfer model. This allows us to
quantify the contribution from direct energy transfer into the overall quenching by the
metal. Modeling of the luminescence decay curves yields the energy-transfer ranges
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for different metallic contacts. The inverse cubic distance dependence of the energytransfer rate has been demonstrated to be applicable to polymer/metal structures
at distances of several tens of nanometers. The strong exciton quenching at the
metallic cathode of a polymer LED is treated in Chapter 6 with the use of a diffusionassisted energy-transfer model. The results of these time-resolved PL studies are
implemented in a PLED device model and the exciton density profiles at any applied
voltage are calculated. This combined optical and electrical characterization leads to
a quantitative description of the voltage dependence of the conversion efficiency of a
NRS-PPV based PLED.
In order to address the relevance of our findings for polymer-based optoelectronic
devices with different morphology and structure, the anisotropy of exciton migration in PPV derivative is studied in Chapter 7. Exciton diffusion is monitored in
polymer:fullerene blend model systems, where exciton scavengers (fullerene) are randomly distributed in three dimensions. The diffusion driven motion of excitons toward these scavengers is modeled using a theory based on a random walk of a particle on lattice sites with traps. From this analysis an exciton diffusion constant of
(4 ± 0.5) × 10−4 cm2 /s and a diffusion length of 7 nm are obtained. The equivalence
of exciton diffusion parameters obtained from bilayer and blend polymer/fullerene
model-systems shows that exciton migration in PPV is of a one-dimensional interchain nature.
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[7] R. Kersting, U. Lemmer, M. Deussen, H. J. Bakker, R. F. Mahrt, H. Kurz,
V. I. Arkhipov, H. Bassler, and E. O. Gobel, Phys. Rev. Lett. 73, 1440 (1994).
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