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Chapter 1 
 
 
 
 
 
 
 

General Introduction 
 
 
 
 
 
Recently developed types of conjugated systems are one of the most preferable and 

promising components that used in organic photovoltaic (OPV) devices. They are 

very favorable because of the high convertion rates of solar energy into electricity, 

and at the same time greatly desirable due to their potential of low cost 

production. Simultaneously, these systems raise many intriguing but yet 

unanswered questions concerning initial stages charge photogeneration that occur 

at timescales from tenths to tens of picosecond (10-13-10-10 s). For instance, one of 

such questions is the influence of the acceptor electron affinity on the charge 

recombination rates, and another question concerns the effect of the excess energy 

on the long-range charge separation. The goal of this thesis is to elucidate the 

nature of ultrafast charge photogeneration, and to clarify the inter-/intra- 

molecular charge transfer processes that form the crucial initial steps in the energy 

conversion process in OPV devices. This chapter introduces the main concepts of 

the systems studied in this thesis and the processes related to charge transfer. In 

addition, it contains a description of the experimental methods used throughout 

the thesis. For the convenience of the reader, a concise outline of this thesis is 

presented at the end of this chapter. 

 
 
 
 
 
 
 



Chapter 1 

 

 2 

1.1. Main intro to organic photovoltaics 

1.1.1. Conjugated systems 

Conjugated systems are chemical structures in which π-orbital bonding plays a 

crucial role. One requirement for conjugation is the alternation of single and 

multiple bonds, which leads to charge delocalization over the bonds participating 

in the conjugation. This unique property results in a decrease of the energy of the 

molecule and an increased stability.1 The moieties forming conjugated systems can 

be linear, cyclic, acyclic, and even of mixed nature. Typical examples of conjugated 

systems are small organic molecules like benzene, chromophores, carbon 

nanotubes, and many polymers. The development of the last group (a schematic 

polymer structure is presented in Figure 1.1) has drawn quite some attention over 

the past decades. The importance and relevance of this class of materials has been 

recognized in 2000 when Alan J. Heeger, Alan G. MacDiarmid, and Hideki 

Shirakawa were awarded the Nobel Prize in chemistry “for the discovery and 

development of conductive polymers”. Nowadays conjugated polymers are found 

in numerous applications, including solar cells,2 light-emitting diodes (LEDs),3 

sensors,4 and organic photovoltaics.5 

 

Figure 1.1. Pictorial representation of the polymer structure. The red segments represent a 

model structure of polymerized monomer, while the blue line is a conjugation bond. 
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1.1.2. Organic photovoltaics and their fundamental principles 

When thinking of organic photovoltaics (OPVs), one usually identifies a class of 

electronics that obligatorily includes an organic conjugated conductive molecule. 

These molecules play a central role in photon-to-electron conversion processes, 

from light absorption to charge generation and further transport to the electrodes. 

The main advantages of using organic molecules are potentially low production 

costs in large volumes and solution processability. Furthermore, such OPVs are 

relatively flexible and lightweight, and are thus very convenient for 

portable/wearable applications as well. However, several weaknesses need to be 

overcome before this technology can truly triumph. These weaknesses concern 

primarily the relatively low conversion efficiency (up-to-date around 12%6,7), and 

the limited  photostability8 when compared to inorganic analogues.9 

Generally, an organic solar cell (OSC) has a minimal structure consisting of 

several layers.10 Usually, these layers are a glass (or plastic) substrate, transparent 

top electrode, the active layer, and a non-transparent bottom electrode. The active 

layer is typically a few hundred nm thick blend of light-absorbing organic 

semiconductor materials (we will explain later why at least two different materials 

are needed), in which the photoconversion process occurs. A pictorial 

representation of a typical OSC is depicted in Figure 1.2a. The charge generation 

processes—the most relevant and important for power conversion efficiency 

(PCE)—occur on an ultrafast timescale between photon absorption and the 

appearance of unbound charges.11 The electrodes provide an energy offset to help 

in the extraction of charges from the active layer. 

All of these processes start right after the photoexcitation of either the donor or 

acceptor molecule. If the donor molecule is optically excited, i.e. an electron is 

excited from the highest occupied molecular orbital (HOMO) to the lowest 

unoccupied molecular orbital (LUMO), the excited electron and the hole left 

behind form a bound pair of charges, the so-called exciton. In organic 

semiconductors, this state is stable due to the low dielectric constant (ε~3) which 

prevents spontaneous dissociation of the exciton into separate charges, in contrast 

to their silicon analogues.12 To overcome this difficulty, a second compound 

(acceptor), with a lower LUMO energy than the donor is blended with the donor 

material. If the LUMO energy level mismatch at the interface of the donor and the 

acceptor domains is higher than the binding of the exciton (typically 0.2–0.5 eV),13-

15 it is likely that the exciton, after diffusion to the interface, will dissociate into 
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separated charges. This process usually occurs on an ultrafast timescale, within 

~10-13 s16 and is called electron transfer (ET). 

 

 

Figure 1.2. (a) Schematic of an organic solar cell. The red and green areas represent the 

electron donating and electron accepting materials, respectivetely. The main charge 

photogeneration steps include photoexcitation (yellow flash), followed by the creation of an 

exciton (Ex) and its diffusion towards the interface, where it dissociates into an electron (e–) 

and a hole (h+). Afterwards created charges migrate to the electrodes. (b) A simplified 

scheme of the energy band diagram, together with the possible optical excitations (solid 

arrows) and charge transfer processes: electron transfer (ET) and hole transfer (HT) 

(dashed arrows). The HOMO and LUMO are the highest occupied molecular orbital and 

lowest unoccupied molecular orbital, respectively. 

The reverse of the ET scenario is also possible: the hole transfer (HT) process. 

This process starts with direct photoexcitation of the acceptor, after which the 

positively charged particle (hole) is transferred between the HOMO levels (Fig. 

1.2b) of the donor and acceptor moieties. As in the previous case, this scenario 

requires a sufficiently large offset between the HOMO levels to overcome the 

exciton binding energy. The combined efficiency of the ET and HT processes 

determines the maximum possible quantum yield of the device.17,18 

Irrespective of the origin of the charges, many other processes are involved in 

determining the overall efficiency of a plastic solar cell. A first important one is the 

geminate charge recombination occuring the first tens of picoseconds after charge 

generation. This process will be studied in this thesis. Another important limiting 
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step – however, stretching beyond the scope of this thesis - is the transport of the 

separated charges to the electrodes through the percolated network in the blend. 

The efficiency of this transport process depends on both exciton diffusion length 

and morphology of the blend. This transport can take up to several µs19 during 

which non-geminate recombination can occur leading to a loss of charges20,21. This 

process leads to a reduction of the photocurrent, voltage, and fill factor22 of OSCs, 

which causes a PCE decrease. However, despite such complexity of the 

mechanisms of the photovoltaic effect in an OSC, it has been shown recently that 

when these processes are optimized, the PCE of the devices could reach more than 

10% in tandem solar cells.23 One way to achieve such high-value performance is 

the optimization of the morphology of the active layer, as the majority of above-

mentioned ultrafast processes are very susceptible to it.24 

1.1.3. Bulk heterojunction blends of organic conjugated systems 

One of the approaches to make an OSC commercially attractive and hence 

commonly usable is to increase its PCE. To reach this goal, one of the first steps is 

to improve the efficiency of the charge separation process. To improve the charge 

separation one needs to make the area of the donor/acceptor interface as large as 

possible, while at the same time ensuring that the excitons still reach the interface. 

The size of the species domains should not be larger then the exciton diffusion 

length, which in organic semiconductor media rarely exceeds 10–15 nm.25,26 It is 

clear that the “classical” bi-layered structure of the solar cell (depicted in Figure 

1.3a) in which the layers of donor and acceptor molecules are simply on top of each 

other is not the structure leading to a high PCE. The reason for this is that, if the 

layers are thin enough to ensure that excitons can reach the interface, their 

absorption becomes so low that most of the incoming photons will not be absorbed 

but rather be transmitted through the active layer.27,28 One possible solution to this 

is to make a vertical structure of thin layers to increase their number and, 

therefore, their absorption. Such an ideal architecture would include a columnar 

structure with alternating thin donor and acceptor columns as depicted in Figure 

1.3b. However, due to the complexity of the fabrication of these devices, the plastic 

solar cells would lose one of their main attractions—cheapness—because of the 

vast increase of the production cost. A compromise solution was found and 

realized in the so-called dispersed, or bulk heterojunction (BHJ), structure,29 which 

is a self-organized blend of donor and acceptor moieties (Figure 1.3c). The typical 



Chapter 1 

 

 6 

size of the donor/acceptor domains in a BHJ can be controlled in various ways in 

order to match it with the exciton diffusion length, and hence improve the charge 

separation efficiency. One of the most straightforward methods is through the 

control of the donor/acceptor concentration ratio.30  

с   

Figure 1.3. Schematic representation of possible architectures of the OSC: (a) bi-layered 

arrangement, (b) “ideal” columnar structure, and (c) bulk heterojunction concept. 

Apart from considering binary combinations, also ternary blends of organic 

bulk heterojunctions have been considered.31 In these systems the role of the third 

component is to provide a second donor material with a different absorption 

range, thereby increasing the absorption range of the blend, making a better match 

to the solar spectrum. It has been shown that such an approach indeed increases 

the performance of the cell due to enhanced light collection; however, it requires a 

highly optimized charge transport matrix with very little charge recombination 

losses.32 Therefore, ternary blends of organic BHJs have a need of more detailed 

research, which however is out scope of this thesis. 

1.1.4. Used materials 

A promising path towards high PCE in BHJ solar cells is the development of new 

materials for active layers of the device. These materials should demonstrate a 

variety of desired properties, like increased solar spectra absorption, easily 

controlled HOMO/LUMO levels and other specific properties which limit the PCE 

currently. In this section we provide a short overview of such materials, which will 

be considered in more detail later in this thesis.  

Several new classes of high-performance donor systems have recently been 

introduced.33-35 Among them, the third generation of functional polymers, which 

are often called push-pull polymers,36 is the most promising. The reason for this is 

 

Plastic (glass) substrate
Transparent electrode

Non-transparent electrode

Donor

Acceptor

 

Plastic (glass) substrate
Transparent electrode

Non-transparent electrode

Donor

Acceptor

~10nm

 

Plastic (glass) substrate
Transparent electrode

Non-transparent electrode

Donor

Acceptor

b) c) a) 



General Introduction 

 7 

their distinct structure – alternating donor and acceptor units (“pushing” and 

“pulling” electron dencity respectively) contained within each polymerized 

segment. This feature gives these polymers a unique properties: high oscillator 

strength and an optimized band gap (difference between HOMO and LUMO 

energies), which leads to extension of the absorption spectrum into the red, 

resulting in improved collection of solar radiation. The photophysics in these 

molecules is expected to be similar to well-studied ground state charge transfer 

complexes (CTCs)37,38 despite their different structures.  

Along with novel polymers, another class of donors based on the so-called star-

shaped small molecules recently attracted attention.39 Similar to the push-pull 

polymers, these materials possess donor and acceptor units, but in this case in a 

star-like arrangement within each molecule.  

Despite impressive efficiencies demonstrated in devices based on these novel 

OPV materials,6,7,23 little is known about the initial steps of charge generation that 

initiate photon-to-voltage conversion in them. For example, these systems 

demonstrate an intricate interplay between the intramolecular and intermolecular 

charge transfer processes – a fact that has not been deeply appreciated yet. Another 

issue that needs a better understanding is the effect of “hot” states (the states 

which have an excess of vibrational energy) on charge separation of photoinduced 

excitations, and, hence, on the overall efficiency of the device. We will elaborate on 

these points in the introductory sections that follow. 

The acceptor material is also an important player in highly efficient OPV 

devices. Despite serious efforts to find new classes of capable acceptors over  last 

decades,40-42 the acceptor role is still firmly occupied by C[60]/C[70] fullerenes and 

in particular their soluble derivatives.43 Both materials will be used in research 

presented in this thesis. 

1.2. Ground state CTCs 

The construction consisting of two (or more) molecules, or different parts of one 

large molecule is called a CTC if a fraction of the electronic charge is transferred 

between the molecular entities.44 If it occurs in the ground state, then it is called a 

ground state CTC. The molecular formation is stabilized by resulting electrostatic 

attraction of the fragments.45 Such complexes could be conceptually divided into 

two fragments: the source molecule, from which the negative charge is transferred, 

is called the electron donor, and the receiving species, which is called the electron 
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acceptor. Figure 1.4 represents the schematic of the energy levels in CTCs. The 

CTC could be formed naturally (without any external action) if some requirements 

are satisfied. The most important necessities are: the energetic position of the 

molecular orbitals (the difference between donor HOMO and acceptor LUMO 

levels plays an essential role) and spatial wave function overlap of the molecules 

(i.e. there is no steric hindrance).46 One of the features of ground state CTCs is a 

partial redistribution of electronic density from the donor to the acceptor molecule 

already in the ground state, unlike the excited state CTCs.47 

Over the last 50 years, “weak” (when charge transfer state does not constitute a 

strong covalent bond) or so-called Mulliken CTCs formed between small 

conjugated molecules have been a topic of intensive study.37 In contrast, CTCs 

invoving conjugated polymers have only recently attained significant attention, 

most notably in organic blends used in photovoltaic applications.38 For instance, it 

has been found that the archetypical conjugated polymer for photovoltaics, MEH-

PPV, forms an intermolecular ground state CTC with low-molecular-weight 

organic acceptors.48,49  

  

Figure 1.4. (a) Energy level representation of separate molecules and a CTC formation. The 

dotted blue arrow symbolizes electron transfer from HOMODonor to LUMOAcceptor under a 

photoexcitation; (b) Example of chemical structures of the CTC forming materials. 

There are several reasons why these complexes became an important subject of 

studies. One of them is interest from the point of view of fundamental science 

because CTCs lay at the heart of many photoinduced charge transfer processes in 

physics, chemistry, and biology.50-52 Another point is that the ground state CTCs 
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can be considered as a model for photophysics in more complex systems, such as 

push-pull polymers or small molecules, which are considered prospective, for 

instance, for nonlinear optics and in OPV applications.53 These materials have 

some analogy in their structure to the ground state CTCs, where the electron is 

transferred from the donor to acceptor(s) unit(s). Despite an obvious difference 

(push-pull polymers and small molecules are intramolecular complexes, while 

ground state CTCs are intermolecular ones), the photophysics in both are quite 

similar. Additionally, CTCs have several interesting photophysical properties 

governed by the molecular structure of the donor-acceptor pair.54,55 For instance, it 

has been found that CTCs can be beneficial for OSCs because their absorption 

range extends up to 1 µm.55 More detailed description of this and other properties 

will be given later in the corresponding chapter.  

1.3. Intramolecular versus intermolecular charge transfer 

An important way to increase the efficiency of the solar cell is to broaden (i.e. to 

better match with solar spectrum) the absorption spectrum of the active layer by 

decreasing the band gap of the materials used in this layer. This works in the 

following way: after reduction of the band gap, photons with lower energy could 

create excitons and thereby a larger part of the solar spectrum will be covered and 

hence the PCE of the overall device will increase. For instance, one of the most 

used conjugated polymers in OPV – poly(3-hexylthiophene-2,5-diyl), or P3HT – 

was successfully replaced by polymers with optimized HOMO/LUMO level 

positions and broader absorption spectra.56 In addition, the typically used acceptor 

molecule – phenyl-C61-butyric acid methyl ester, or [60]PCBM, one of the soluble 

C[60] fullerene derivatives, was substituted by [70]PCBM, another fullerene 

variation with a more pronounced absorption in the blue area of the spectrum.57  

Currently, the best candidates to take the role of broad absorbing ingredients 

are the push-pull polymers, not in the least due to the ability to engineer their band 

gap. The main feature of this class of materials is their structure which is designed 

on the basis of alternating donor and acceptor subunits within the monomeric unit 

(Figure 1.5).58 As a consequence of the interaction of the donor and acceptor 

moieties within one segment, the formation of an intramolecular, ground state 

CTC occurs leading to a small band gap, and hence an increased absorption in the 

red part of the solar spectrum. 
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Figure 1.5. Schematical representation of a push-pull polymer: (a) pictorial illustration of 

the monomer segment structure and (b) schematic of energy levels of the separated 

molecules (red and blue) and the monomer/polymer (green). 

Although impressive efficiencies were demonstrated recently with devices 

based on push-pull polymers,6,7 still not much is known about their photophysical 

properties, such as charge separation and recombination processes, which 

ultimately determine the quantum efficiency of the photon-to-voltage conversion. 

In particular, there are questions about the interplay between the initial 

intramolecular (intrapolymer, to be precise) and intermolecular charge transfer 

processes that follow photon absorption.  

Figure 1.6a shows the intramolecular scenario, when charge separation occurs 

within one donor molecule. Due to absence of the external acceptor, such as a 

fullerene, and therefore lack of any possible route to escape, the initially separated 

charges will recombine after some time. However, in the presence of the external 

acceptor ([70]PCBM molecule in this situation), the electron has a chance to be 

transferred further and hence to prevent recombination (Figure 1.6b). This is the 

intermolecular charge transfer scenario. 

In BHJ blends both scenarios are possible. However, the first, intramolecular 

scenario is not favourable for OPV functionality, as it supplies no long-lived 

separated charges. The second, intermolecular scenario is exactly what is needed 

for a functional device. The interplay between these two processes will be studied 

in Chapter 3. 
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Figure 1.6. Possible scenarios of ET in the donor:acceptor system: (a) intramolecular charge 

transfer and (b) intermolecular charge transfer. Blue and red arrows represent forward and 

back (geminate recombination) ET. 

1.4. Delocalization of the “hot” states 

Yet another concern during the charge separation process is the role of the hot 

states on the long-range charge separation. Indeed, the formation of free charge 

carriers in OPV devices is known to be mediated by an interfacial charge-transfer 

(CT) state, which is a bound electron-hole pair at the organic semiconductor 

interface. Despite the critical importance of the dissociation process of the bound 

pair of charges59 (through the CT state) into separated charges at the organic 

semiconductor interface (Figure 1.7), its mechanism has not been fully elucidated 

yet. Some authors60,61 suggest that after singlet photoexcitation (S0→S1) and 

transferring of the exciton through the manifold of CT states, additional vibrational 

energy is required for the enhanced exciton dissociation into a pair of separated 

charge (CS) carriers. In other words, this state has to be hot (CTi), which promotes 

its delocalization and, therefore, charge separation. This situation corresponds to 

the hot dissociation scenario. An alternative viewpoint proposes that the initially 

created hot CTi state is not of any significance because it rapidly relaxes to the 

lowest “cold” (CT0) energy state from which charge separation occurs.62,63 This  is 

called the cold dissociation scenario. At the moment there is no clear consensus on 

the relevance of either of the two processes and their efficiency in real working 

devices. Moreover, it is still not clear how fast the hot state relaxes to the cold one, 

and how delocalization of the CTi state helps (if it does at all) charge separation. 

The roles of the different pathways for charge separation efficiency in conjugated 

systems will be addressed in Chapter 4. 
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Figure 1.7. Free energy state diagram for a typical OPV system with schematic 

representation of the hot and cold dissociations scenarios. The brown arrow represents the 

excitation from the ground to the excited state, light blue arrow -  further transfer to the CT 

state, while red and blue arrows demonstrate the hot and cold scenarios, respectively. 

1.5. BHJ based on “star-shaped” small molecules  

An alternative to the “polymer direction” in material development for solution 

processable BHJs are devices based on small molecule (SM) donors, which have 

recently gained a fair amount of attention.64,65 The OSCs based on these molecules 

combine many advantages of the polymer blends, like their ease of production, 

solution processability, and flexibility. At the same time, they offer several 

additional benefits like high purity, good batch-to-batch reproducibility, and well-

defined molecular structure and molecular weight.66,67 Several types68-72 of SMs are 

currently established with the potential to be used as a donor moiety in organic 

BHJs. The most relevant of them are linear and star-shaped SMs. A pictorial 

representation of linear and triple star-shaped molecules is given in Figure 1.8.  

The first of these SMs were studied during the last decade, and already now 

OSCs based on linear SMs recently reached a relatively high PCE of ~7%.69 The 

efficiencies of OPV materials based on star-shaped SMs are close to it (~6%73), but 

these molecules have a number of attractive advantages over linear organic 

conjugated oligomers and polymers. These advantages are related to better 

controlled morphology and improved solubility,71,72 which can be achieved due to 

the structural uniformity and high degree of purity of SMs.  
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Figure 1.8. Schematics of different types of SM: (a) linear SM and (b) star-shaped SM. 

Arrows show potential directions of the electron transfer; in reality the electron is more 

delocalized (for detailed calculations of star-shaped molecule, see Chapter 5). 

The structure of the linear and star-shaped SMs has some similarity to the 

structure of the push-pull monomer: they both contain a donor and an acceptor 

unit. Therefore, the charge-transport properties of both classes of the materials can 

be expected to be similar. Due to the novelty of SMs in photovoltaic applications, 

the key processes of initial charge generation and recombination have never been 

studied. A preliminary report on these properties will be presented in Chapter 5.  

1.6. Charge detection and photoinduced absorption spectroscopy 

Linear spectroscopy is a source of related to excited state information for systems 

at equilibrium; however, it does not provide any knowledge about the systems at 

non-equilibrium, nor the charge-transfer dynamics. Therefore, there is a need for a 

technique where it is possible to induce a concentration of charges and monitor 

their evolution over time, or, in other words, to monitor the dynamics of the 

photoexcited systems. Due to the fact that all charge-related initial processes inside 

the blends of conjugated systems occur on an ultrafast (10-13-10-10 s) time scale, the 

charge monitoring procedure requires a method with adequate temporal 

resolution. One of the techniques that possesses this requirement is optical 

spectroscopy.  

It has been demonstrated that after photoexcitation and splitting of the created 

exciton on the donor-acceptor interface, the surplus positive charge at the polymer 
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site induces changes in the donor electronic structure.74 This leads to the creation of 

a few additional absorption bands within the band gap of the donor in the IR 

region.75,76 These bands are called low energy (LE) polaron and high energy (HE) 

polaron absorption bands. Figure 1.9 shows a pictorial representation of the band 

diagram during a photoexcitation process for a typical organic conjugated system 

and photoinduced absorption spectrum of one of those studied in this thesis: the 

push-pull polymer benzo-[1,2-b:3,4-b’:5,6-d”]trithiophene-diketopyrrolopyrrole 

(BTT-DPP) in Chapter 3. If the transition cross-section does not change in time 

(which might be triggered for instance by a degradation of the studied material or 

reorganization of the sample’s molecules), the induced absorption of the system 

will be proportional to the amount of the photoinduced charges (holes).  

  

Figure 1.9. (a) Pictorial representation of the energy band diagram for a typical organic 

semiconductor during a photoexcitation process. The grey balls represent charges: electrons 

and holes. First of them being excited from the ground state. The blue dotted arrow is the 

electrom transfer from the donor to acceptor LUMO, while HE and LE stay for high energy 

and low energy polaron transitions, respectively; (b) spectra of the ground state (yellow 

curve) and photoinduced absorption for BTT-DPP polymer at short time delays (3 ps), 

represented by orange and green curves respectively. The Gaussians represent a provisional 

decomposition of the photoinduced absorption spectrum in HE, LE and Excitons absorption 

bands. ΔT/T stands for relative transmission change of the probe. 

Hence, we arrive at the concept of the photoinduced absorption (PIA) 

technique: creation of the photoinduced charges in the sample with a first (visible) 

pump pulse and monitoring the concentration of photoinduced charges (holes) 

after a time delay by probing the LE or HE absorption bands with an IR probe 

pulse (Figure 1.10). The lifetime of photogenerated charges can then be determined 

from the change of the amplitude of the induced absorption with time. 
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 The  most suitable feature for probing photoinduced charge dynamics is the LE 

band due to several attractive features. First of all, it is not contaminated by other 

photoinduced responses, like electroabsorption, stimulated emission etc. as the HE 

band could be.77 Additionally, in this region there is no ground state absorption 

due to IR active vibrational modes (Fig. 1.9b). This means that one can perform 

background-free measurements. Another remarkable feature of the LE band is the 

fact that the orientation of the LE transition dipole correlates with the orientation 

of the excitonic transient dipole.78 This results in an opportunity to follow not only 

the charge concentration but also their delocalization such as hole diffusion in the 

polymer domain. This information is brought about by the so-called transient 

anisotropy arrangement, which will be widely used in this thesis. 

  

Figure 1.10. (a) Schematic representation of the PIA experiment: green and red arrows 

represent pump and time-delayed probe, overlapping in the studied sample; (b) typical 

example of the charge concentration evolution (yellow curve) in an organic conjugated 

system after excitation (marked as VIS pump). ΔT/T stands for relative transmission 

change of the probe, which is proportional to photoinduced charge concentration. 

 

1.7. Motivation and scope of the thesis 

The processes of photoinduced charge separation and transfer are very important 

steps for the efficient operation of plastic solar cells. Deep understanding of these 

steps is crucial for the further optimization of OPV devices based on the novel 

conjugated systems. There are many intriguing questions that still remain 

unanswered. What is the influence of the donor/acceptor absolute and relative 

HOMO levels difference on the charge recombination process? How does the 
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excess of vibrational energy affect the charge separation at the heterojunction 

interface in novel conjugated systems? How does the electronic structure of the 

donor/acceptor molecule determine the photovoltaic properties of the mixture? 

This thesis presents an attempt to find answers for many of these questions. 

The thesis consists of five chapters, including the introduction as Chapter 1. 

Each of the following chapters addresses one particular problem of charge 

photodynamics in the blends of novel conjugated systems. 

In Chapter 2 we discuss the optical properties of ground state CTCs formed by 

one of the archetypical conjugated polymers, MEH-PPV, and a set of the fluorene-

based electron acceptors. In this study, a selection of optical techniques is used, like 

steady state absorption, Raman spectroscopy, and the ultrafast visible pump – IR 

probe PIA technique. The obtained results demonstrate that the differences in 

electron affinity of the acceptors (hence the HOMO and LUMO level positions) are 

correlated with the charge recombination rates in the blends. Exponential scaling 

of the charge recombination rates was observed, with a decrease of the acceptor 

LUMO energy in such CTCs. 

The issue addressed in Chapter 3 is the interplay between the initial 

intramolecular and intermolecular charge transfer processes following photon 

absorption in contemporary push-pull polymers, where processes of charge 

generation have not been fully elucidated before. These polymers are novel 

conjugated polymers that are designed for organic photovoltaic applications on the 

basis of alternating donor and acceptor units. For separation of intra- and inter-

transfer processes, we used blends with different donor/acceptor LUMO energy 

level positions. The charge transfer dynamics are studied by PIA visible pump – IR 

probe spectroscopy. The results show the importance of an effective intermolecular 

charge transfer process for efficient photogeneration of charges, in agreement with 

power conversion efficiencies reported in the literature.  

Chapter 4 is dedicated to the question of the importance of hot CT states for the 

initial long-range charge separation (delocalization). How the electron and hole 

overcome their mutual Coulombic attraction and separate at the heterojunction’s 

interface in the OSCs and what determines the efficiency of this process, are the 

main issues addressed. The hot states were obtained by optical IR excitation of the 

interfacial CT state. For monitoring the charge dynamics either another, third 

optical pulse was applied to obtain the best time resolution on initial delays, or 

induced photocurrent was measured to confirm the ultrafast spectroscopy findings 
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and demonstrate the effect on the macroscopic time scale that is relevant to the real 

devices. Theoretical quantum chemistry calculations confirm obtained 

experimental results. These results present an insight into the charge separation 

process in organic photoconversion systems. Moreover, the results show that the 

hot state charge delocalization channel could play an important role in charge 

separation efficiency in OPV systems.  

In Chapter 5, a study of the charge dynamics in donor/acceptor blends based 

on novel, star-shaped small molecules and [70]PCBMs is presented. Blends based 

on three star-shaped donors that differ from each other by length of the alkyl end 

group and the conjugated chain, are studied. We demonstrate how the efficiency of 

the long-lived charge generation and the intramolecular and intermolecular 

recombination times depend on the donor’s chemical structure. The obtained 

results suggest that the intermolecular recombination becomes a dominant factor 

at high acceptor concentrations, where the particular concentration value depends 

on the length of the donor’s alkyl end group. 

Finally, a conclusion and outlook of the research, which is accessible for the 

non-expert reader level will be given in the Summary. 
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