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Abstract 

In the last decade, conjugated polymers have received special attention 

because of their use in a very extensive field of applications ranging from 

organic energy devices [1-3], to energy storage [4], to thermoelectrics and 

bioelectronics [5, 6], to batteries [7], to photonics [8], etc. Although the efficiency 

of organic solar cells, for example, is reported to increase every year [9-12], 

there is still a tremendous challenge to clearly understand how different factors 

related to material processing and/or to specific physical mechanisms influence 

conversion of light into electricity. Generally, in photovoltaic active layers, an 

electron donor conjugated polymer is blended with an electron accepting 

material, most commonly fullerenes. Resulting blends form interpenetrating bulk 

heterojunction networks with increased donor:acceptor interfacial area [13] that 

can boost, for instance, the exciton dissociation [14] and, that can influence 

other internal physical phenomena [15, 16]. In the same time, light absorption 

and emission properties are also known to be microstructure dependent [17, 18]. 

As a result, power conversion efficiency is essentially depending on the 

microstructure of bulk heterojunction [19]. Thus, the need of conjugated polymer 

films comprised of a microstructure exhibiting specific absorption properties [20], 

good hole transport mobility [21], high crystallinity [22], controllable morphology 

and aggregation [23] is well justified.  

Generally, films exhibiting an optimized microstructure can be obtained 

by exposing conjugated polymers [15, 22, 24, 25] to a variety of material 

processing methods [26]. For instance, molecular packing and aggregation in 

thin polymer films can be manipulated at some extent by varying the deposition 

speed of the spin-coater [27]. In comparison, convective self-assembly (CSA) is 

a blade-coating type of technique that was shown to be efficient in fabricating 

uniform and structured films of conjugated polymers [17]. This is mainly due to 

the possibility to precisely vary the deposition speed, i.e. the time that polymer 

molecules can use to adopt their almost final molecular conformations during 

film formation. 
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In this thesis, we work with mixtures of different organic polymers as 

electron donors and fullerenes as electron acceptors to find the most ideal 

ingredients and experimental/environmental conditions for the production of the 

active material of optoelectronic devices using processing techniques such as 

spin casting and CSA. As we will see, this objective is not straightforward, as 

organic matter is highly sensitive to a variety of processing parameters. One 

such parameter is the dissolution temperature, as most polymer solutions need 

to be heated for several hours to obtain a homogeneous solution. In addition, 

the casting temperature is not negligible either [28]. Furthermore, careful 

selection of the solvent is also an important step because the evaporation time 

of the solvents affects the final structure of the thin film. Often good and poor 

solvents can be combined to optimize the resulting film microstructure [29]. 

Each conjugated polymer crystallizes differently and mixes differently with 

fullerenes, so several combinations were tested during this work. It is very 

important that the donor and acceptor pairs contact each other on the largest 

possible surface, as they play an important role in charge separation, but in the 

same time they should still form rather ordered/interconnected structures 

through the whole film. This is because charge separation does take place most 

efficiently at the donor-acceptor interface [30], while charges need to be able to 

travel through the films towards electrodes. Therefore, the technique used to 

prepare thin active films is of paramount importance as it is influencing the final 

film microstructure, and thus the optoelectronic properties of the active layer 

[31].  

Our work introduces two novelties to the scientific world, one of which is 

the use of a thin film making technique: the convective self-assembly. Using this 

casting “doctor-blade” type technique we have managed to create thin active 

layers with controlled microstructure and to induce changes in their resulting 

optoelectronic properties. The other novelty is related to experiments performed 

on a polyfullerene system that were, to the best of our knowledge, first of their 

kind. This new polyfullerene material was blended with known semiconductor 

polymers to form active layers with the goals to better control structure formation 

processes in such layers and to study their puzzling optoelectronic properties. 
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Furthermore, we have shown that fully intercalated co-crystalline 

polymer:fullerene microstructure can be obtained when depositing thin films 

using the convective self-assembly technique. Moreover, this microstructure 

appears to be dependent, under specific film casting conditions, on the fullerene 

size. Use of slightly bigger fullerenes is leading to a multi-phase microstructure 

comprised of neat polymer domains, fullerene aggregates and co-crystalline 

polymer:fullerene structure. 

We have demonstrated by spectroscopic and microscopic methods that 

the molecular arrangement of various semiconductor polymers and polymer-

fullerene mixtures can be controlled by the CSA method. By varying the CSA 

speed, thin films with different conformation from nano- to macroscale were 

projecting. These morphological changes involve changes in the optoelectronic 

properties of thin films, as seen in the absorption and photoluminescence 

spectra. In our work, we investigated several electron donor and electron 

acceptor using CSA and spin casting film-making methods. Since PL quenching 

is a measure of exciton separation at the donor – acceptor interfaces, which 

greatly contributes to improve the efficiency of solar cells, we have therefore 

paid close attention to it. However, we also experimented a new polyfullerene 

material, PPCBMB. The best result, i.e. the highest PL quenching, was obtained 

with a blend of PCE11 donor and PPCBMB acceptor. A 6 g/l solution was 

prepared in chlorobenzene, the donor and acceptor substances were present in 

the solution in a 1:1 ratio, the solution was spin-cast on a UV-ozone treated 

glass substrate, thin films were also formed by the CSA method as well. At low 

CSA speeds, the PL quenching of the PCE11:PPCBMB blend was 65%, in spin 

casting case it was only 25%. This difference in PL quenching was also detected 

in other donor: acceptor pairs and it was due to close molecular mixing.  

In the case of PBTTT:[C60]PCBM and PBTTT:[C70]PCBM blends 

created by low CSA speed, we showed significant changes in the absorption 

spectra due to more ordered aggregates and fully intercalated co-crystalline 

PBTTT:[C60] PCBM and PBTTT:[C70]PCBM domains, which are also 

evidenced by the AFM images. In thin films made with the CSA technique, the 
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FLIM showed a shorter fluorescence average lifetime than those made with the 

spin casting technique due to the optimized film microstructure.  
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